DESS, AN EXECUTIVE SYSTEM FOR DISCRETE-EVENT SIMULATION,
AND APPLICATION STUDIES OF THE SCHEDULING OPERATIONS
IN THE PRECIPITATION CIRCUIT OF A BAYER PROCESS
PLANT FOR ALUMINA EXTRACTION



DESS, AN EXECUTIVE SYSTEM FOR DISCRETE-EVENT SIMULATION,
AND APPLICATION STUDIES OF THE SCHEDULING OPERATIONS
IN THE PRECIPITATION CIRCUIT OF A BAYER PROCESS
PLANT FOR ALUMINA EXTRACTION

By
RAYMOND H. T. WONG, B.ENG.

A Thesis
Sutmitted To The Faculty Of Graduate Studies
Ir Partial Fulfilment Of The Requirements
For The Degree

Master of Engineering

McMaster University

January, 1972



ii

MASTER OF ENGINEERING (1972): McMASTER UNIVERSITY, HAMILTON, ONTARIO

(Chemical Engineering)

TITLE? DESS, an Executive System for Discrete-Event Simulation, and Applica-
tion Studies of The Scheduling Operations in the Precipitation Circuit
of a Bayer Process Plant for Alumina Extraction

AUTHOR:  Raymond H. T. Wong, B.Eng. (McMaster University)
SUPERVISOR:  Dean A. I. Johnson
NUMBER OF PAGES: vi, 218

SCOPE AND CONTENTS:

An executive system for discrete-event simulation of large, complex
systems, such as chemical processes, is generated. Documentation on the system
is provided in the form of a user's manual.

Two application studies, involving the simulation of the discrete,
scheduling operations in the precipitation circuit of a Bayer Process Plant,
are made to illustrate the scope and method of the executive system and to

yield further information on the precipitation process.



iii

ACKNOWLEDGEMENTS

The author expresses his gratitude to his supervisor, Dean A. I. Johnson,
for his advice and assistance throughout this study.

He also thanks the plant personnel at the Arvida Works of the Aluminum
Company of Canada for their keen interest and co-operation.

The financial assistance for the degree obtained through McMaster

University is gratefully acknowledged.



TABLE OF CONTENTS

General Introduction

Chapter 1:

Chapter 2:

Chapter 3:

A User's Manual For DESS (Discrete-Event Simulation System)

Section A: Introduction To Discrete-Event Simulation

(i) Definition of Terms

(ii) A Rationale For DESS

Section B: DESS (Discrete-Event Simulation System)

(i) What It Is

(ii) What It Does

(iii) The Data Format Used With DESS
First Case Study: Discrete-Event Simulation Of Successive
"Steady-States" In The Precipitation Circuit Of The Bayer
Process
Section A: Introduction To System
Section B: Discussion Of The Model
Section C: Discussion Of The Simulation Results
Second Case Study: Discrete-Event Simulation Of The
Dynamics Of The Flow-Scheduling Operations In The
Precipitation Circuit Of The Bayer Process
Section A: Description Of The Operations
Section B: Assumptions In The Modeling
Section C: Discussion Of The Simulation Results

(i) Initial System State

(ii) System Performance

iv

Page

11
15

19

19

25
28

32

32
37
40
4Q
43



Section D: Model Validity

Section E: Recommendations Of Stategies For Model
Application And Improvement

Conclusion
References
Appendix 1: Listings And Descriptions Of The DESS Program

Appendix 2: Program Listings And Description Of The Model In Case
Study No. 1

Appendix 3a: Diagram Showing Transfer Of Information Between System
Data Pool And Subroutines QUE@1 And QUEQ2

Appendjx 3b: The Information Flow Diagram Of Simulated System
Appendix 4: Data Set For Case Study No. 1

Appendix 5: Program Listings And Description Of The Model In Case
Study No. 2

Appendix 6a: Process Flow Diagram
Appendix 6b: Information Flow Diagram

Appendix 7: Data Set For Case Study No. 2

Page
54

57
60
61
63

129

156
157
158

162
211
212
213



Figure

Figure

Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

7a:
b

9a:
9b:
10:
(§E

LIST OF FIGURES

The DESS Algorithm

vi

Flow Scheme In The Batch-Processing Department Of A Hypothetical

Chemical Plant
Precipitation Circuit
Hydrate Washing And Classifying Circuit

Simplified Diagram Of Flows To And From The Precipitation
Circuit

Seed Volume Vs. Time

Number Of Circulating Precipitators Vs. Time

Number Of Circulating Precipitators Vs. Time

Circulation Time Vs. Time At Start Of Draw-Off

Total Free Height And Hydrate Agitator Level Height Vs. Time
Level Height Of Filling Tanks Vs. Time |

Hydrate Agitator Underflowrate Vs. Time

Level Height Of Precipitator No. 17 Vs. Time

Page
10

20
23

36

42
a4
45
47
49
50
52
56



GENERAL INTRODUCTION

The deyelopment of the "simulation" technique , as it is meant in the
modern sense of the word, may be traced with the advent of the computer era in
the decade following World War Two, Simulation is not an exact or a specific
solution technique, rather its underlying concept is that of an approach to
greater understanding of the problem, It {s a "trial and error" or experimental
method in which a simulation model is manipulated under a variety of expected
conditions to produce hypothetical but meaningful results, The simulation model
is often a realistic and dynamic representation of a system which duplicates
the essence of the operation or set of operations being studied. This model
can be complex or relatively simple depending on the requirements of the problem.
Usually, however, it would involve a system of sufficient complexity to pre-
clude a straightforward analytical solution. Quite often, the system being
studied or modeled has conditions of uncertainty. The treatment of these un-
certainties on a repeated-trial basis makes it possible to reflect realistically

- the effect of these chance variables in the simulated results,

Discrete-eyent simulation {s essentially one kind of dynamic system
representation. In contrast to continuous-~time simulation, the system dynamics
are not duplicated continuously over time during the discrete-event simulation
run, A continuous-time simulation model {is built on a mathematical framework
consisting of differential equations, whereas in a discrete-event simulation
model, the operations could represent either continuous activity such as a

chemical reaction, or discrete activity such as on-off switching and airplane



arriyals, With continuous activity, however, programs for handling differential
equations must be provided, The basic {dea of a discrete-event simulation
system {s primarily oriented to the representation of discretized dynamical

behayiour.



CHAPTER 1

A USER'S MANUAL FOR DESS (DISCRETE-EVENT SIMULATION SYSTEM)

Section A: Introduction to Discrete-Event Simulation

(i) Definition of Terms

For purposes of exactitude, digital computer simulation may be defined
as a methodology for studying systems. A system is an assembly of interacting
processing and decision-making devices created to bring about a desired result.
The definition of the scope and Timits of a system is relative. Hence, whilst
the elements in a chemical process may constitute a system which is the object
of study, the various components of a set of computer programs which are used
specifically as an aid to the study make up another distinct and separate system.
(The latter is sometimes called an executive.) In system terminology, objects
which are outside the boundaries of the system but which can influence the
system are classified under the system environment.

The term entity denotes an object of interest within the boundaries of
a system, and the properties describing the entities are attributes. Any
process that causes changes in the system is called an activity. A description
of all the entities, attributes and activities as they exist at any one point
in time is given by the state of the system. A system state is often affected
by changes occurring in the system. Therefore, a system moves from one state
to another as its entities engage in activities that change their state. The

operations that cause these activities at discrete points in time are called



events. The distinction between activity, event and state can be summarized
thus. An activity is a process proceeding over time; its initiation and
conclusion are events. When the event occurs, the state of the system has
changed because the activity has started, or hecause it has changed some part
of the system.

In discrete-event simulation, processes or activities are not modeled

explicitly; they are represented by the terminating event and by changes in

the system state, which are modeled as if they all occurred at the time of
completion of the event. The behaviour of the system is hence reproduced by
examining the system state at the time of each event; and the basis of a
rationale for discrete-event simulation rests on the implicit assumption that

it is possible to draw inferences about the system's performance from such
simulated behaviour. The reproduction of the behaviour of the system is achieved
through manipulation of the simulation model, which consists of a set of computer
programs incorporating the mathematical equations and/or logical operations that
describe the scheme of activities in the system. Given certain input values
defining an initial system state, the simulation model transforms the data into

realistic values of the significant operating variables and parameters in the

system at  some point in time. (A variable changes its value over time,
and a parameter has a constant value which is not time-dependent.) In order

to provide a modeling framework which meets the requirements for storage and
retrieval of simulation data and control of the dynamical structure in such a
simulation model, and also to facilitate the difficult task of modeling a highly
complex system (such as a chemical process), DESS, an executive system for

discrete-event simulation was generated.



(ii) A Rationale For DESS

The fundamental concept of a high-level simulation Tlanguage or system
involves the utilization of some form of an information-handling scheme which
controls the dynamic manipulation of the data introduced into or generated
during the simulation experiment. Since the digital computer has only hardware
facilities for sequential computation in a chronological order, programming
techniqueé must also be provided to differentiate between computed data rep-
resenting simulated activities in a contemporaneous period and other data
yielding information on the past or future of the present simulated time instance.

SIMSCRIPT I develoned at RAND Corporation by Markowitz, et a1(6) is a
"bona fide" programming language which requires a compiling system that translates
the command statements from SIMSCRIPT into FORTRAN. Its structure is based on
FORTRAN programming principles but the philosophy of its design is oriented
towards the facilitation of programming tasks that are involved in simulation
work, such as, keeping track of the simulated events and entities of interest in
the system, and the generation, storage, analysis and reporting of simulation
results, both final and intermediate. The language therefore incorporates
routines which together perform the tasks of time-keeoing, stochastic sampling,
the dynamic upkeeping of file-oriented information flow in the system (known as
the "creation and elimination of temporary objects" in SIMSCRIPT jargon), and
statistical analysis.

SIMSCRIPT I is fairly easy to learn, but there are some difficulties associate
with an actual application. For example, the variables in the user-supplied

routines need to be precisely defined at the beginning of the program, and

the coding requirements for this is both exacting and error-prone. The assignment



of initial values to the variables at the start of the simulation also presents
another major source of error. Since the format rules for data entries allow
for less flexibility than in FORTRAN, considerable time and effort are required
to "debug" and run even simple simulation models. The extra core-storage
required by the SIMSCRIPT compiler and the added compiling time also contribute
significantly to the computational costs. A major shortcoming is the lack of
a separate information-handling scheme which could deal with the manipulation
and storage of simulation data arising from one simulated event when that event
can cause instantaneous interactions within all elements of a large, complex
simulated system. (Eg., such an event could be an explosive chemical reaction
with the resulting chain formation of intermediate free radicals and end-
products in a brief instance.)

GASP II(4’8) (General Activity Simulation Program) developed at Arizona
State University is the offshoot of the original GASP from U.S. Steel. The
program is a discrete-event oriented simulation executive which is entirely
FORTRAN based and therefore requires no separate compiling system other than
that for FORTRAN IV. Its modular structure, made up of several interactive sub-
pfogram blocks (or "modules"), allows it to be easily maintained, modified, or
extended to meet the particular needs of different applications. The basic
concept of a discrete-event simulation executive system utilized in GASP is
similar to that employed in SIMSCRIPT, and programs written in GASP can be
readily converted to SIMSCRIPT and vice-versa, without any difficult changes.

Experiences with GASP show that it is a compact system requiring
relatively little core-storage. The information-handling scheme pertaining

to the control of the simulated discrete events has been fully explained in the



(8)

documentation by Pritsker and Kiviat Its structure is made up entirely

of FORTRAN subroutines. The actual mechanics involved, in terms of computer
programming technique, consist of the storage, retrieval and updating of all

data entries relating to the simulated system in a large, general two-dimensional
matrix file, according to some pre-set logical order. To keep track of the
dynamics through simulated time, an elaborate set of relative position pointers
is used to locate the exact storage area of any one piece of information
pertaining to either an event or an entity in the simulation. Routines for
statistical sampling and analysis, simulation data collection and reporting are
also provided as in SIMSCRIPT. GASP differs in that these routines are not

in the form of inaccessible "black boxes", but are presented as distinct and
separate modules, which could be altered, replaced or eliminated altogether from
the total executive system. As:with SIMSCRIPT, the main disadvantage with

GASP is that there are no provisions for a framework wherein simultaneous
complex interactions between several elements of the simulated system caused by
one or more events can be easily modeled and represented by computer programming.
This seriously 1imits the application of the executive to only simpler problems
describing smaller systems. Larger systems containing several interacting
elements or entities require that some means be provided for the computation of
the converged solution of the simultaneous interactions. The creation of DESS

is therefore in response to this need and offers an alternative to redundant

exhaustive programming.

Section B: DESS (Discrete-Event Simulation System)

(i) MWhat it Is

DESS, the acronym for Discrete-Event Simulation System represents the



final development stage of the simulation executive program resulting from a
merger of GASP II(8) (General Activity Simulation Program), which provides

the fundamental framework for maintaining the chronology of simulated events,
and GEMCS(3) (General Engineering and Management Computation System), which
forms the basis of the scheme used for sequential calculations involving
contempraneous activities in the system under study. The DESS program is
written in FORTRAN IV and is entirely based on a modular structure consisting

of several computer subroutines, each of which serves a specific function.
Communication in between subroutines is effected through the common data storage
areas established over the whole program.

The basic concept of DESS concerns the description of the state of the
system under simulation over a certain period in time. The description of the
system state at different points in time, which could be separated by varying
time-intervals, is accomplished by a provision of state parameter values, that
do not change during a simulation run, and state variables, which have some
initial values that change with time depending on what has previously occurred.
The mechanism that controls the advancement of discretized time and the
scheduling of events during the simulation run is built into the routines
modified from GASP. This moves the simulation model through time to produce
dynamic behaviour over discrete points in time, and also selects the appropriate
events which have been scheduled. According to the logical relationships
contained in the model, a set of state variables can thus be computed for each
specified time instance, and this will be continued until the simulated time
is exceeded. The GASP subsystem in DESS also maintains a dynamic filing array

called NSET, which registers a calendar of all scheduled events, and orders the



sequencing of entities ranked in queues according to some predetermined
priority order (eg. first-in-first-out, last-in-first-out, etc.)

The GEMCS subsystem in DESS is the descendant from the original GEMCS
(3)

program created at McMaster University by Johnson, et al Its function in
the simulation executive is to provide a means of performing information
storage and retrieval, data manipulation and predictive calculations at any
one fixed simulated time instance. It therefore serves to yield a "picture"
of the latest state of the system which is a result of the Tast simulated
event. The method employed in the GEMCS subsystem to calculate values represen-
ting simultaneous activities assumes knowledge of certain unknown variables
which enables direct sequential computation of all remaining unknown variables
according to some prescribed convenient mathematical order. This is followed
subsequently by several iterations of the same computing sequence, each time
using the newly calculated values for the starting variables, until some
criterion for convergence is satisfied or approached. The information relating
to each part of the simulated system which is manipulated within the GEMCS
framework is stored either as parameter values in the EN and EEN vectors that
simulate the operations of -computer disk storage, or as variable values in
information streams which interconnect each part of the simulated system. These
stream variables are contained in three dynamic matrix tables (SI, SN, and SO).
The system common data pool which allows communcation between each of
the modular subprograms in DESS can be extended into user-supplied routines, so
that system variables are made available if required. In addition, the dynamic
filing array, NSET, is accessible not only to the GASP and GEMCS subsystems but

also to the modular subroutines programmed to represent events, process equip-

ments or other entities of the simulated system.



FIGURE 1
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(ii) What it Does

The algorithm in Figure 1 shows the sequence of execution in the DESS
program. In a simulation run with DESS, initial control is given to a "main"
program, which is wr-tten by the user to set the required number of columns in
NSET by the non-executable "DIMENSION" command, and to initialize any non-
system variables if required. It should then transfer control of the simula-
tion to DESS by calling the GASP subsystem.

When execution is passed on to the GASP subsystem, the routine DATAN is
called to initialize all GASP variables and the array, NSET. It then withdraws
information on the first scheduled event from the event-file (which thus must
contain at least one entry, already read in from the data set), and proceeds
as the event commands.

Using the information on the scheduled event, it goes into subroutine
EVNTS to select the appropriate "event-subroutine" for the particular time
instance (which is a fixed point in time). Execution can then be transferred
from the EVNTS subroutine to other subroutines making simple, independent
changes, or to the GEMCS subsystem to solve the information network of the
process. (The process can be alternatively described as the system representing
the simulatedactivities.) The GEMCS subsystem then yields a "picture" of the
state of the simulated process at that particular simulated time instance.

The subroutine DLOAD1 of the GEMCS subsystem is only called (or brought
into execution) when the "present" simulated time is not greater than the
simulated time at the beginning of the simulation run by 0.1 unit. Hence, GEMCS
variables are initialized in DLOAD1 at the start of the simulation run. If the
initial simulation time step-size is too small (ie. of the order less than 0.1),

execution
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would immediately terminate on encountering an "END OF FILE" card in the
computer program. In that case, two alternatives are available:

(1) change the value of 0.1 in the system routine (DLOAD1) to a value

less than the time step-size, or,

(2) increasz the time step-size to a value greater than 0.1.

The other functions of the GEMCS subsystem include the scheduling (or
causing) of endogenous (i e. internally caused) events for a future time. When
such events are scheduled, they are entered into the event-file which is stored
in NSET with values supplied for the time each event is to occur and the code
number for the event. Such internal causation of future events can be carried
out in a modular subroutine which has access to NSET and other system variables.
Logically, events in the event-file (assigned as File No. 1 in NSET) must be
ranked in the order of lowest time value first. (The time value, which is the
time of scheduledoccurrence of the event, is stored as the first attribute of
the entry.) Hence, one can cause further calculations to be made at the same
instance in simulated time by making a new entry in the event-file with the
time value equal to the present time.

| The GEMCS modular framework is also capable of storing and removing
entities in and out of queues using parts of the GASP subsystem. (A queue or
waiting line is here defined as a "line" of objects, events, customers or
transactions waiting at a service facility.) When the state of the simulated
system is advanced through time, in order to compute the present conditions
(or state of the system), certain past information may be required (such as the
need for information on the last day's performance in order to improve today's).

This past information could be previously stored in a queue according to some
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ranking priority, and as each piece of information is inserted or withdrawn,
the GASP subsystem is used to update the file. The actual entry and with-
drawal could be performed in the user-supplied subroutines which could obtain
input information from the system common data pool. The insertion of entries
into the queues of entities and future events is necessary if the information
would be required at a future time. This is accomplished with communication
between the GEMCS anc the GASP subsystems as directed in the user-supplied
subroutines, with the aid of the common data pool.

The GASP subsystem besides controlling the dynamic filing array in
NSET, the selection of simulation events and the advance of simulated time,
also could be used for the collection and generation of run statistics and
reporting of simulation results. Other routines in the subsystem facilitate
the generation of values from different random sampling distributions, and
these are all available to the user.

To illustrate the concept of "chronology of simulated events" maintained
in the GASP subsystem, and "contempraneous activity" modeled with the GEMCS
routines, consider the simple process flow diagram in Figure 2.

It shows the flow scheme in the batch-processing department of a
hypothetical chemical plant. The production schedule calls for the manufacture
of a certain quantity of product X. This product is easy to run, and cycle
times are predictable. The time required for’the crew to service one reactor
(i e. load, unload and clean) is known to be normally distributed with a certain
mean and standard deviation, and the reaction time can be calculated from a
mechanistic model based on theory and observed plant data. Labor costs and

the costs of reactor operations are known. It is desired to evaluate the optimum
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production schedule for a given year using the dolliar as‘a measuring criterion.
Two, three or four reactors may be used. Apparently, the reactors and crew
cannot be utilized to their maximum at the same time. Hence, the amount of
idling time allowed for either will determine the total increase in costs
accrued to that particular production schedule. In a simulation run testing

any schedule, the chemical reactions constitute "contempraneous activity", and
reaction times are ccmputed using the GEMCS scheme. The servicing of the
reactors and the setting of valves are time-dependent events which are scheduled
and maintained within the GASP framework. These and other similar programmed

"actions" over time represents a "chronology of simulated events".

(i1i) The Data Format Used With DESS

The first part of the DESS data set consists of the data for the GASP
subsystem and the second part is for the GEMCS subsystem. A1l numbers are
read in 5F12.0 data field and alphanumeric characters in 20A4 field (GASP) or
18A4 field (GEMCS). The detailed data formats used are given in the following

two pages.
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GASP DATA SET

Project Title (1 card - 20A4 field)
NPROJ MON NDAY NYR NRUNS
NPRMS NHIST NCLCT NSTAT ID
M NOQ MXC NEPRM SCALE
—— NCELS(2) ... NCELS(NHIST) R e i
KRANK(1) KRANK(2) e KRANK (NOQ)
INN(1) INN(2) INN(NOQ)
PARAM(1,1) PARAM(1,2) ... PARAM(1,NEPRM) \

' (omitted if
PARAM[2,1) PARAM(2,2) ... PARAM(2 ,NEPRM) &NPRMS - 0)
PARAM(NPRMS,1) PARAM(NPRMS,2)... PARAM(NPRMS ,NEPRM) )

MSTOP JCLR NORPT NEP TBEG
TFIN JSEED
+1.0 (-ve for file initialization;

+ve for skipping initialization)
0.0 0.0 (dummy values
FILE NO.
ATRIB(1) ATRIB(2) P ATRIB(IM) At least
FILE NO. one entry
ATRIB(1) ATRIB(2) " ATRIB(IM) for File No. 1T

: must be

FILE NO. inserted.
ATRIB(1) ATRIB(2) e ATRIB(IM)
0.0 (to terminate GASP data set read in)
0.0 0.0 (dummy values)

A11 the variables are fully explained in the GASP documentation(g) except for

NEPRMS which has been newly introduced to limit the number of columns in PARAM.



GEMCS DATA SET
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GEMCS subtitle - printed before the rest
of the data set is read in (2 cards - 18A4

Ist set {
2nd set {

NOEth set{

field)
KPRNT (1) KPRNT (2) KPRNT (3) KPRNT (4) KPRNT (ﬂ)
KPRNT (6) KPRNT (7) KPRNT (8) KPRNT (9) KPRNT (10)
NCALC NOCOMP (if NCALC is - ve, iterations are allowed,
if NCALC is + ve, there are no iterations)
LLST (1) LLST (2) LLST(NCALC)
MSN (if MSN is -ve, output stream information
printed after each module is called)
NS (1) NS (2) NS (MSN)
NSR
SN (1,1) SN (1,2) SN (1, NOCOMP+5)
SN (2,1) SN (2,2) SN (2, NOCOMP+5)
SN(NSR,1) SN(NSR,2) SN(NSR ,NOCOMP+5)
NOE
EN (1) EN (2) EN (3) EN (4) EN (5)
EN (6) EN (EN(3))
EN (1) EN (2) EN (3) EN (4) EN (5)
There

EN (6 EN(EN(3 must be

5 ) ( ( ) ) IINOEH

. sets al-

: together
EN (1) EN (2) EN (3) EN (4) EN (5)
EN (6) EN(EN(3))
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The variables are the same as those explained in the GEMCS documentation(3).
Two data cards are made available for the subtitle to allow more information
to be printed. For greater convenience, the executive was modified sc that

NCALC has to be set regative for iterative computations among the GEMCS modules.
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CHAPTER 2

FIRST CASE STUDY: DISCRETE-EVENT SIMULATION OF SUCCESSIVE "STEADY-STATES" IN THE
PRECIPITATION CIRCUIT OF THE BAYER PROCESS

Section A: Introduction to System

In this first, simple case study, the production control aspects of the
precipitation circuit 1in the Bayer Process are represented as a set of linear
algebraic equations, vhich are solved at various simulated process times after
certain variables have been assigned some pre-determined values from samplings
of normal distributions with different statistical parameters. The model makes
use of the dynamic filing array, NSET, and the system common data pool to allow
interaction within the simulated process over the whole range of time. This
ability allowed the pradictive properties governing the process (such as the
control information fezdback and the recycle of seed-material in the precipita-
tion section) to be easily modeled in the simulation.

The Bayer Process(]’2’7)

for extracting alumina from bauxite was devised
by Karl Josef Bayer. The process is based on a steep solubility curve, eg. at
300°F a 3N NaOH solution will dissolve almost twice as much alumina as one at
150°F.
cool
AQ(OH)3 + OH™ == A2(OH)
heat

4

The bauxite is slurried with caustic solution, and heated in a series of digester

reactors (80-90 psig) for 35-40 minutes. Then the slurry is treated to remove
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the "red mud" (mostlyclay minerals and iron oxide), and the Tiquor is cooled
to 155°F. It is seeded with previously precipitated A!z(OH)3 and the excess
alumina crystallizes on the seed (mineral from "gibbsite") during 24 to 36
hours. After separa:ion of the precipitate, the used or "spent" liquor is
recycled to the digester, and the solids are washed. Calcination gives very
pure, white A£203, suitable for electrolytic reduction to aluminum by the Hall-
Héroult process.

Figure 3 shovis a schematié representation of the precipitation
circuit in the Bayer Process. The temperature of the filtrate from the
filtration circuit is approximately 208°F (in the filtrate tank) and this is
reduced to about 155°F to achieve the supersaturation necessary for re-
precipitation as alumina trihydrate in the precipitators. This cooling is
achieved by flashing the liquor in three successive stages operating at approxi-
mately 13-in., 18-in., and 21-in. of mercury vacuum, respectively. The vapor
from these flash units is used to preheat the spent liquor recycles to the
digester cjrcuit, in a train of heat exchangers. This flashing operation
generates vapor amounting to about 4% of the incoming filtrate and reduces the
temperature to about 170°F. The final tempering is achieved in a spray cooler
into which air is injacted to obtain approximately a 10°F drop and evaporate
approximately 1% of the water from the Tiquor.

The supersaturated liquor with a ratio approximately 0.640 (ratio is
defined as weight of anhydrous alumina/weight of sodium ion content expressed as
equivalent anhydrous sodium carbonate) is fed to batch precipitators which are
62.7 feet high and 26.0 feet in diameter. Agitation is achieved by blowing air

up a stand-pipe in the reactor. This "Tift-pump" effect circulates the magma
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from the bottom to the top of the precipitator. The "regular" precipitators are
charged with supersaturated Tiquor and a slurry of coarse seed material with

50% solids is added (17% by weighf of the coarse seed is below 44 microns in
diameter). After about 24 hours, at which time the temperature would be reduced
to about 145°F and the ratio to about 0.345, the charge is dumped into a de-
aerator surge tank (also called the hydrate agitator). The "special" precipita-
tors ("usually" consisting about 20 of the operating precipitators out of a
total of 59) are charged with the same amount of liquor material, except that
the seed slurry charge is much finer and only amounts to about 20% solids by
weight. (Approximately 75 weight precent of the fine seed is below 44 microns,
and 10 weight percent below 10 microns in diameter.) The ratio of the flow
leaving these precipitators is higher than that of the flow leaving the
"regulars". The measured value in this case ranges around 0.360 - 0.365. The
material from the "special" precipitators is also transferred to the de-aerator
tank or hydrate agitator.

A11 operations downstream from this point are continuous. The alumina
slurry is transferred to the primary classifier, the underflow from which proceeds
through a three-stage countercurrent washing operation. The overflow serves as
feed for the secondary classifier, the underflow of which is drawn as needed to
be used as coarse seed for the "regular" precipitators. The overflow is mixed
with recycled lTiquor from the fine seed tray-ihickeners located downstream,
before it is pumped continuou§1y to a number of crystallizers (also referred to
as second-stage precipitators) to give a 6 to 8 hour residence time there and
a concentration of about 100 gm./Titre solids. The size and shape of these

crystallizers is identical to the primary batch precipitators. The slurry from
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these crystallizers goes to continuous tray-thickeners where it is concentrated
to about 250 gm./litre. The underflow is then transferred as needed, mixed with
advanced wash Tiquor to yield 20% solids by weight, and used as seed slurry to
the "special" precipitators. Some of the overflow from the fine seed holding
tank is returned to the input to the second stage crystallizers; some of it is
removed as a purge stream to be calcined to remove organic material. Some of
the underflow from the tray-thickeners may be returned to the input to the
secondary crystallizers. The overflow from the tray-thickeners becomes recycled
spent liquor and is returned to the digester circuit. Figure 4 shows a schematic
representation of the hydrate washing and classification circuit. (Owing to the
seed material recycles, the operations in the precipitation circuit interact
very closely with concitions in the classification section.)

A specific objective in this case study is to investigate the effects
of the variations of the operation control variables, the uncertainties in the
system parameters, the randomness of external environmental factors, the fluctua-
tions of input flow conditions to the circuit,on the output variables,and the
ramifications in modeling the control aspects as a set of "steady-state"
equations. The feedback information from the continuous downstream process
which affects the adjustment of control variables in the batch circuit, and the
interaction between thz actual physical flow conditions downstream and the input
flow variables caused by different material recycles in the process are also
studied in this case. The degree of significance of the actual physical Tags
in the recycle and the lags in the information feedback governing the setting of
the control variables are to be estimated. In this respect, discrete-event

simulation is performed with the division of the process time into several subsets
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of non-uniform time-intervals. This implicitly assumes that control of the
process operations with the model could be effectively maintained using the

prediction of discrete-events one or more time-steps ahead.

Section B: Discussion of the Model

This simulation study concerns the application of the set of "steady-
state" control equations,which govern the flow regulating operations in the
precipitation circuit, to an estimation of the dynamic effect of the flow
variabilities and parameter uncertainties in the circuit over time,and the use-
fulness of such a moda1. Consider the set of equations which necessarily
describes the mean or average conditions in the plant.

(1) VSEEDS*NS = X+THETAS

(2) VSEEDR#NR

Y+THETAR
(3) VFILTS*NS + VFILTR:NR = Z

THETAS THETAR
(4) VFILTS + VSEEDS = VS
(5) VFILTR + VSEEDR = VR
(6) THETAS = THETAR
(7) VS = VR

(8) NS + NR = NT
(9) MR =q

N

(The notation used is 2xplained fully in Appendix 2.) It is noted that six
mutually independent variables must be assigned values in order to solve the

equations. X, Y and Z represent the average flowrate values that must exist over
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the period of the mean residence time of the reaction contents in the precipita-
tors. This résidence time value is governed in the same way by the operations
for both the "special" (THETAS) and the "regular" precipitators (THETAR).
Therefore, it is assumed that the mean value that can be used for the average
state calculations must be the same for THETAS and THETAR. Hence equation (6)
is justifiable. The same argument may be used to reason the assertion in
equation (7) that the total volume of the reaction contents in both types of
precipitators ("specials" and "regulars") are equal. In the model, it is
assumed that the plant operator actually has direct control over the operations
so that he can choose to set the average precipitator volume and the average
number of "special" and average number of "regular" precipitators to be used
over the period of the mean residence time. (Calculations for the average state
of the system are performed at time points separated by periods equal to the
changing mean residence time values.) Obviously, the mean flowrates into the
circuit cannot be diractly controlled from within, and operations must be
adjusted to suitably accommodate the process material entering the circuit. In
actual plant practice, the total volume that is filled in any one precipitator
is fixed and any random variations that may ocCcur are observed to be small.
Therefore, the two key controlling variables are the number of "special"
precipitators and the number of "regular" precipitators used in the circuit at
any one time. However, in spite of the original simplifying assumption, the
plant operator does not have direct control of the actual number of precipitators
used. In actuality, :the effective number of precipitators used at any one
instance (both "special" and "regular") is, in itself, a function of the incoming

flowrates and the constraints on the flow pattern within the circuit caused by
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the physical plant layout and the availability of "free" (ie. empty) volume,
both in the precipitators and the surge tanks, (which cannot be altered or
directly controlled), and also of certain plant operating policies governing

the filling and emptying of the precipitators, (which are directly determined
and controlled by plent operating personnel). Apparently, certain factors
governing this function (eg. the availability of "free" volume) are a result

of past operations and conditions in the plant. Also, the plant policy for
filling and emptying at any one time must involve some forecasting of future
product requirements, as well as a consideration of the maximum utilization of
every cubic foot of available precipitator volume, and the minimization of the
levels in the surge tenks and their fluctuations. It is therefore appreciated
that in assuming the number of "special" and "regular" precipitators to be
simply related to the present seed f]ows.and of certain past information (on
previous seed flowrate and number of precipitators used) the model oversimplifies
the real situation, although it yields some insight into the nature of the
average decision-making needs in the plant. This aspect of assigning precipita-
tors for the batch operations in the circuit and the factors determining the
actual number of "special" or "regular" precipitators used at any one time is
the subject of the second case study and is further discussed in Chapter 3.

In the present case study, the plant operator is assumed to be able to
set the values for the number of "specials" and "regulars" directly using
simple, linear algebraic equations. (Refer to Subroutine OPERAP1 in Appendix 2.)
To account for the uncertainty in forecasting future product requirements and
the variations that might arise from physical plant constraints limiting the

operator's decision, the values for the number of "specials' and the number of
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"regulars" calculated from the linear equations in the subroutine OPERAQ1 are
taken to be the meansof normal distributions from which samplings are then
obtained to represen: the average values for the pericd. Given values for the
number of precipitators to be used and the flowrates entering the circuit, the
other variables describing operations could then be computed from the other

equations contained in the model.

Section C: Discussicn of the Simulation Results

The simulaticn results obtained in this case study showed that the
average conditions in the plant, represented by the state variables which are
contained within the set of "steady-state" equations, vary only over a small
range of values. The significance of this, however, cannot be accurately
gauged because of two inherent shortcomings in the simple model. These
are:

(1) the arbitrary assumption that flow variabilities are predictable

and follow the simple pattern of a normal distribution; and,

(2) the assumption that the average number of "special" and "regular"

precipitators at a given instance can be estimated at all.
Of these, the first difficultyis recognised before and the assumption s made
because even though the maximum flow fluctuations in the plant had estimated
values, it is not known how these fluctuations occur. (Ie.,the pattern of
the fluctuations is urknown.) The second assumption is subsequently found to
be seriously in error and this is the major finding in this case study. Before
discussing that point in detail, a summary of the simulation data obtained is
given next.

The Tiquor flowrate entering the precipitation-circuit has a mean flow
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of 48000.0 cu.ft./hr. with a standard deviation of 1000.0 cu.ft./hr. (The
maximum is 53000.0 cu.ft./hr. and the minimum is 43000.0 cu.ft./hr.) The
number of 'special” pracipitators used over the period of simulated time has a
mean value of 22.0. The initial average value given in the data set is 20.0
and the standard deviation 5.0. (The maximum is 35.0 and the minimum 5.0.)
The number of "regular" precipitators used over the period of simulated time
has an average value of 38.0. The initial value in the data set is 40.0 with
a standard deviation of 5.0. (The maximum is 55.0 and the minimum 25.0.) The
settings of the mean number of precipitators are governed by the amount of fine
and coarse seed produced. Hence, the mean number of "special” precipitators is
increased if the amount of fine seed product is increased relative to the amount
of coarse seed product; the number of "regular'precipitators is decreased
proportionately. The residence time of the charge in the precipitators over
the period of simulated time has an average value of 27.2 hours. The total
filled volume of one orecipitator averages at 37005.0 cu.ft. (The average
value given in the data set is 37200.0 with standard deviation 2300.0, maximum
44000.0 and minimum 30000.0). The calculated values for VFILTS (filtrate
volume in 'specials') have a mean of 22830.5 cu.ft., VFILTR (filtrate volume in
"regulars') a mean of 2¢593.1 cu.ft., VSEEDS (fine seed volume in 'specials') has
an average value of 14174.5 cu.ft., and VSEEDR (coarse seed volume in'regulars')
an average of 12411.9 cu.ft.

It can be observed from this that the process appears to be fairly stable
in spite of the flow variations and the uncertainty in the set values for the
number of "special" and "regular" precipitators. In plant experience, conditions

are known to be less predictable and "well-behaved". Apparently, there must be
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factors that account for this inconsistency between observed reality and the
results from the éimu]ation modeT.

First of all, the state variables calculated for each time instance in
this model do not represent the values of those variables that would be calculated
in a true dynamic model. The values from this model represent the averages over
the time period which has been arbitrarily chosen to 1ie between the two time
points when the system state is computed. This method of computing averages is
comparable to viewing the process at successive "steady states', each one of
which is equivalent to the average state of the system from the last time point
up to the latest time point, when the calculations are made. This then is the
implication of the set of control equations incorporated in the model. Opera-
tions within the precipitation circuit are not continuous, but are batchwise
in nature. Therefore, all variables in the system constantly assume different
values and they do not necessarily nor do they all change values at the same
point in time. In order to simulate these operations in a successive "steady
state" manner, it is apparent that the averages of the flow variables and the
set operating conditions must be accurately known or estimated.

The flows of =he seed charge into the circuit are not continuous since
seeding is a batch operation. Consequently, there is virtually no means of
effectively estimating the average values of these flowrates for any period of
time. Apparently, there is no available plant data which could be used to
evaluate these variables. Some of the difficulties involving the estimation of
the number of "special" and the number of "regular" precipitators that are being
used in the process were mentioned in the previous subsection. Basically,

however, the problem lies with the impossibility in estimating the effects caused
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by the very real presence of precipitators that are not "circulating" (ie.
carrying full reacting contents) either as fspec1a1s" or as "regulars", but
are being filled, seeded, discharged, or cleaned. Altogether, the effects of
this combination of precipitators at different stages of the batch processing
scheme could probably be represented by an equivalent but fictitious number of
"specials" and "regu1arsf, but, again, this is not a simple problem that could
be intuitively solved. Hence, the conclusion arrived at in this case study

is as follows. The fallacy in this model and in any model which makes use
of representative "st2ady states", is not that average conditions do not exist
in the precipitation circuit, but, is that these conditions are not readily
estimated or calculated without a study of the detailed batch operations them-
selves and the actual hour-by-hour change of the values assumed by the discrete
control variables of the process. Since none of these variables can in reality
be directly adjusted, a relationship between them and the directly controlled
operations in the plant that govern their values must exist; this latter is the
subject of the next case study which employs a model of the batch operations in

the precipitation circuit to simulate the dynamics of the system.
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CHAPTER 3

SECOND CASE STUDY: DISCRETE-EVENT SIMULATION OF THE DYNAMICS OF THE FLOW-SCHEDU-
LING OPERATIONS IN THE PRECIPITATION CIRCUIT OF THE BAYER PROCESS

Section A: Description of the Operations

In the precipitation circuit of the Bayer Process at the Arvida works,
there are altogether 59 precipitators, all of which are operated in parallel to
one another. These precipitators are classified into five different groups
according to their mcde of operation and to the one pump serving each group.

The first group consists of 9 precipitators which can be operated only
as "specials", ie., they can be charged only with fine seed material. The second
group has 14 precipitators, the third has 10, and the fourth has 13 precipitators;
these can be operated either as "specials" or as "regulars", ie., they can be
charged either with coarse or with fine seed material. The fifth (ie. last)
group is made up of 13 precipitators which can be operated only as "regulars".
Only one pump is available to each group for the discharge of the precipitator
contents (called "draw-off"). Therefore, at any given time, no more than one
precipitator in any one group can be emptied. The discharge from any precipita-
tor is pumped into two hydrate agitators witﬁ a total capacity of 66588 cu.ft.
(The dimensions of each hydrate agitator are the same as the dimensions of a
precipitator, with a cross-sectional area of 531 sq.ft., a total height of 62.7 ft.
and a volume of 33294 cu.ft.) The draw-off of each precipitator can vary

between 200 cfm. and 350 cfm. The value of the draw-off flow depends on the



33

Tevels of the hydrate agitators. Normally, there are three precipitators
drawing-off at any given time and each of these three precipitators empties
with the same flow; so all draw-offs are equal.

In the plant, the underflow of the hydrate agitator is changed by
manual operations depending on the level of the spent Tiquor tank, which is a
tank after the classification circuit. The value of this flowrate varies around
1100 cfm. The pregnart liquor from the filtration circuit has a flowrate of
800 + 50 cfm. (The veriations may be assumed to be a random number from a
uniform distribution, ie. they are purely random values lying within an upper
and a Tower 1imit.) It enters two filling tanks in equal separate streams
(400 + 25 cfm.). (For filling tank no. 1, the cross-sectional area is 1964
sq.ft., the height 50 ft., and volume 98200 cu.ft.; for filling tank no. 2, the

cross-sectional area is 1257 sq.ft., the height 40 ft., and the volume 50280

cu.ft.) The optimal policy is to maintain a zero level in any of these two

tanks.

In regards to the filling operations for the precipitators, there are
different policies in the plant, but the so-called 1/1 and 2/1 policies are
probably the most used. The 1/1 policy consists of alternately filling one
precipitator as a "regular"; and the next as a "special", then a "regular", etc.
The 2/1 policy requires every two consecutive, "regular" fillings to be separated
from the next two by a 'special" filling. The type of policy in operation at any
time depends on the quality of the solid products downstream. Regardless of
whichever policy is used, certain rules and restrictions must be observed in the
filling operations. At any instance, no more than six precipitators can be

filled with pregnant liquor or charged with seed. The seed charge is added
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after the pregnant 1iquor, and not simultaneously. At most, only two precipita-
tors can be filled w th coarse seed and one with fine seed, at the same time.
There are altogether a total of six inlets to the circuit, a maximum of three
being available for Tiquor-filling, a maximum of two for coarse seed charging
and one for fine seec charging. Hence, whilst three or fewer precipitators

are being seeded, a maximum of three others can be filled simultaneously.
Filling tank no. 1 can only supply liquor to groups one, two, three and four,
but not to group five. Conversely, filling tank no. 2 can only supply liquor
to groups two, three, four and five, but not to group one. This gives rise

to five possible cas2s where the filling of precipitators must be cut or post-
poned, if at the end of the filling of a precipitator:

(1) there are no empty precipitators in any group;

(2) the next precipitator to fill is a "regular" and there are no
empty precipitators in groups 2, 3, 4 and 5;

(3) the next precipitator to fill is a "special" and there are no empty
precipitetors in groups 1, 2, 3 and 4;

(4) the next precipitator to fill is a "regular" and there is an empty
precipitator only in group 5 and the filling tank no. 2 already fills
two precipitators; (the filling tank no. 2 cannot fill more than
two precipitators at the same time and the filling tank no. 1 cannot
fill in group 5); |

(5) the next precipitator to fill is a "special", there is an empty
precipitator only in group 1 and the filling tank no. 1 already
fills two precipitators; (the filling tank no. 1 cannot fill more
than two precipitators at the same time and the filling tank no. 2

cannot fi'1 in group 1).



The dimensions of a precipitator are 62.7 ft. in height and 26 ft. in
diameter. For a "special", the precipitator is filled to 49.7 ft. with pregnant
liquor; then 10 ft. of fine seed charge is added. For a "regu]ar",-the height
of liquor is 46.7 ft. and the height of coarse seed 13 ft. The fine seed mean
flowrate (solids and diluting Tiquor) is 115 cfm. and the coarse seed mean flow-
rate (solids and diluting Tiquor) is 75 cfm. The underflows of the filling
tanks or the filling flows are 400 + 25 cfm. if the filling tanks are near empty.
However, if for one reason or another, the filling flow is cut, then the Tlevel
of one filling tank will rise. If this happens, this filling tank is subse-
quently emptied by increasing the new filling flow by 5 cfm. per foot of height
in this filling tank.

The "drawing-off" operations are also governed by certain policies
related to plant physizal Timitations and policies used to control production.
At most, only three precipitators in the circuit can be emptied at any given
time, and only one mus: be in a given group.even though more than one in that
group may be ready for discharging. The policy is to empty the ones which have
been waiting Tongest for the pump-discharging facility. Another restriction in
discharging is caused by the levels in the hydrate agitators. If the levels
are too high at the end of the draw-off of a precipitator, the next draw-off is
delayed until the levels have suitably decreased. Therefore, for a certain
period of time, there may be only two draw-offs. The levels of the hydrate
agitators are controlled by varyingthe flows during the draw-off, by varying the
agitator underflow, or by delaying the next draw-off at the end of a draw-off.
It is noted that a draw-off cannot be stopped completely when it is running. The

so-called "circulation time" of the contents in a precipitator is a direct result
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of the operations and is computed from the beginning of the seeding to the
beginning of the draw-off.

For purposes of cleaning and maintenance, six or fewer of any of the
precipitators must remain empty at any given time. Hence, eXc]uding the
maximum number of precipitators which are either being filled or drawn-off, or
are empty, only about 48 precipitators are in production generating alumina

hydrate crystals at any time.

Section B: Assumptions in the Modeling

Figure 5 shows a simplified diagram of the flows to and from the
precipitation circuit. In the model, only one hydrate agitator twice as high
as the ones in the ac:ual plant is used. This is the first simplifying assum-
tion. The total height of this hypothesized agitator is 125.4 ft. and the
area is 531 sq.ft. The level in the tank is kept between 90 ft. and 110 ft.
by checking the level at each five minutes and making the necessary adjustments.
If the level is between 90 and 100 ft., no action is taken. If the level
becomes too low (under 90 ft.) each draw-off is increased by 0.1 of their
present value (maximum draw-off flow = 350 cfm.). If the level becomes too
high (over 100 ft.) each draw-off flow is decreased by 0.1 of their present
value (minimum = 200 c“m.). If the level exceeds 110 ft. at the end of the
draw-off of a precipitator, the next draw-off is delayed until the hydrate
agitator level is below 110 ft.

The underflow cf the hydrate agitator is changed depending on the level
of the spent liquor tank, which is sjtuated after the classification circuit. As
the scope this case study is confined to operations in the precipitation circuit,

both the classification circuit and the spent liquor tank have been excluded in
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the model. Therefore the underflow of the hydrate agitator is adjusted in
another way. Consider the material balance in the precipitation circuit as
shown in Figure 5. C(learly, if the accumulation term is zero, at any time, it

is necessary that:

F3 = F1 +F2

F2 is a batch flow, since seeding is a batch operation, and it is hence not
possible in the plant to ascertain in advance its value for any given time
instance. If F3 <F1 + F2, the total volume used in the precipitation circuit
will increase, or, stating this in another way, the total "free" volume will
decrease. If F3 > F1 + F2, the reverse will happen and the total used volume
will decrease, whilst the total "free" volume will increase.

In order to m2asure the total "free" volume in the plant, (ie. empty
volume or unused capacity) a variable called the "total free height" is
defined to be the sum on all the precipitators of the "free height" of each of
the precipitators. Also, by definition wused in the plant:

Free height of a precipitator=maximum height of a precipitator

(62.7 ft.) - height always left free at the top (3.0 ft.) - present

height of this precipitator (H),

= 59.7 - H (feet).

With N precipitators n the circuit:

M =

Total free he ght = (59.7 - Hi)

1

—e
1]
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= N x 59.7 -

w—do
1]
—

This total free height in the precipitation circuit is an indication of the
total volume that is available for filling. In the plant that is studied, there
are always about five precipitators on the spent caustic for descaling. These
five precipitators are not included in what is called "short-term scheduling"
in the plant (fillin¢, seeding, circulating, drawing-off and waiting empty);
so in the second assumption of this case study, one precipitator is removed
from each of the five groups. Hence, there will be 54 precipitators in groups
of 8, 13, 9, 12 and 12 precipitators. To facilitate the operation of the
precipitators, it is necessary to have three or four precipitators empty all
the time. With the precipitators filling, seeding and drawing-off, the
feasible range of values for the total free height is between 250 and 300 ft.
If the total free height becomes too low or too high, the circulating hours
will either increase or decrease too much, respectively. With insufficient
free volume, it is also expected that the scheduling of the precipitators will
become difficult. In order to regulate the total free height, it is checked
at every two hours in the simulation model and adjustments are made. If it is
too high (>350 ft.), the underflow of the hydrate agitator is decreased, and
if it is too low (<200 ft.), the same flow is increased. This is not done in
the plant, but since the present model does not include the classification
circuit, the underflow of the hydrate agitator cannot be controlled in the same
manner as in actual plant operations. This is the third important assumption

in modeling.
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The fourth assumption is that the flowrates of the coarse and the fine
seed streams used in the batch-seeding of the precipitators are constant. This
approximates actual flow conditions in the plant. It is noted that although
the average seed flowrate into the circuit over a long time period must vary
considerably, since tie flowrate must be zero when no precipitators are being
seeded, the flowrate is fairly constant during the seed charging.

The fifth assumption concerns the filling of the precipitators using
the policy of "longest-empty-soonest-filled". A similar policy ("longest-
in-circulation-soonest-discharged") which is used with the "drawing-off"
operations, is appareatly needed so as to ensure that the precipitator contents
have had sufficient time allowed for the crystallization reaction. However,
with the filling operations, the "longest-empty-soonest-filled" policy is not
important; it is inconsequential if any one precipitator is preferentially
kept empty for a longaer period of time than others in the same group. This
policy is not strictly observed in the plant. It is, nevertheless, a logical

way to fill the precipitators and is adopted in the model.

Section C: Discussion of the Simulation Results

(i) Initial System S:ate

An initial system state is defined at the start of the simulation using
the data set. The simulation run is scheduled to cover the period between an
initial reference time point at 0.0 minutes and a final time point at 3500.0
minutes. Two initial event entries were made in the event-file; the first is to
call a subroutine (VALV@2) to initialize certain non-system variables (ie.
variables that do not belong to the DESS esecutive); and the second is to call

the subroutine GEMCS vhich transfers control of the simulation to the GEMCS
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subsystem. 54 precip;tators are read into three other files maintained in the
array NSET. These files are numbered 2, 3 and 4. (File No. 1 must always be

the event-?i1e.) Precipitators in file 2 are those that are empty and are
waiting for filling with pregnant liquor. Those in file 3 have been filled with
liquor, either up to £6.7 ft. if they are "regular" or up to 49.7 ft. if they
are "specials"; these precipitators are waiting to be charged with coarse or
with fine seed material, respectively. File 4 contains precipitators that are
"circulating", ie. those that are in the process of being charged with seed, and,
those that are completely filled with liquor and seed and are left aside to
enable the crystallization reaction to proceed. Of these 54 precipitators, 8
are in group 1 of the five physical grouos in the plant; 13 in group 2, 9 in
group 3, 12 in group & and 12 in group 5. It has been assumed that five precipi-
tators (one from each group) are being descaled, and are therefore not included
here since they are nct available for short-term scheduling. The distribution
of the precipitators from each group into the three files is arbitrary and
artificially randomized. Similarly, the division of the precipitators in files

3 and 4 into the "regular" or "special” types is on a random and arbitrary basis.
Since it is necessary that some precipitators to be discharged should have been
in circulation for Torger than 24 hours, the times at which the precipitators in
file 4 began circulation are put backwards from the initial reference time
point of 0.0 minutes. Again, the separation of these times at equal 38 minute
intervals is arbitrary, but this gives the first precipitator to be discharged

a circulation time of well over 24 hours (which is regarded by plant personnel

as near optimal).
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(ii) System Performance

(a) Coarse Seed Volume; Fine Seed Volume; Number of Circulating Precipitators;

Circulation Times

Figure 6 shows the total cumulative volume of coarse and fine seed
materials that have been used in the circuit at different time-points during
the simulation. These values are required by the model in order to perform
material balance calculations; in effect, they are a record of the batch flows
of the seed streams which cannot be determined in advance. It is observed in
the figure that the Tine for the coarse seed volume increases more steeply than
that for the fine seed valume, even though the slopes of both lines rise in
the same steady manne-~. The steeper gradient of the former is explained by the
larger volume of coarse seed used to fill one precipitator. The smooth, steady
slopes indicate that on the average, there is about the same number of "special"
precipitators being filled as there are "regulars". This is consistent with
the 1/1 filling policy that was tested in the simulation run. Since one "regular"
filling must be followed by one "special" filling and vice versa, as required
by the policy, there zan be no preferential filling of either type. In the
initial data set, there are 26 "regulars" (called type 1 in the model) and 22
"specials" (type 2). This does not include those precipitators in file 3 which
only contain pregnant liquor but no seed, those empty ones in file 2, and those
that are either filling or drawing-off. After 200 minutes (3 hours, 20 minutes),
the number of "regulars" and "specials" among the circulating precipitators are
25 and 20, respectively. At the end of the run, ie. after 3500 minutes (2 days,
10 hours and 20 minut2s), the number of "regulars" and "specials" are 23 and 24.

It can be seen that even though the number of "specials" and "regulars" are
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nearly in the 1:1 ratio, which could be expected with a consistent adherence

to the 1/1 policy, the total number of circulating precipitators, ie. the sum

of "specials" and "regulars", is not the same at different time points. Hence,

the following assertions are made:

(1)

(2)

(3)

(4)

the ratio of "regular" and "special" precipitators in circulation

at any t me may be predicted by a consistent filling policy;

the actual number of "regular" precipitators and "special” precipi-

tators in circulation follow a uniformly random distribution with

an upper and a lower bound which could be estimated;

the sum of "specials" and "regulars" in circulation is not a constant
number but is shown to be variable from the data obtained,

(Figure 7a);

any average "steady state" model must account for precipitators

that are filling or discharging; these precipitators carry contents

that do not significantly change in crystal product concentration, and
therefore are not "specials" or "regulars" in the same sense as

those in circulation. However, the volume of their contents is not
negligible. Consequently, these "non-reactive" precipitators must

either be counted separately or be included in some fashion as

equivalent "specials" or "fegu1ars”. It is thus apparent that, in order
to solve the equations governing the average operating conditions
in the circuit (First Case Study), variables other than the number

of "specials" and "regulars" may be more easily pre-determined.

This is further discussed in relation to the data obtained on the

total number of precipitators in circulation and the circulation

times resulting directly from the scheduling operations.
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Figure 7a shows the number of circulating precipitators in the circu1t 
at different time points during the simulation run. A magnification of the
variations between time 0.0 minutes and 200.0 minutes is shown in Figure 7b.
From the two graphs, a pattern of the changes of this discrete variable is
discernable. Apparen:ly, it does not change in a purely random manner and a
repeated trend of the variations can be observed for the periods between 200
and 1200 minutes and hetween 2400 and 3500 minutes. Although this evidence
is not conclusive, it points to the possibi]ify of using time-series analysis
or other forecasting :echniques to formulate statistical models from plant data
for predictions of this variable. Even the scarce simulation data available
shows that the number of precipitators in circulation does have a predictable
mean value and that the range of variations is not large. Since precipitators
filling or drawing-of* each has a total volume that vary between zero and the
maximum capacity, and since there are usually six precipitations undergoing
these operations, it is asserted that the average of their combinéd filled
volume is equivalent o the volume of three precipitators in circulation. Hence,
the sum of all precipitators that are effectively in operation can be estimated
using the predicted number of circulating precipitators and adding three to it.

Figure 8 shows the circulation time of precipitators on the vertical
axis and the time at which the precipitator with the corresponding circulation
time is discharged on the horizontal axis. Between time 0.0 and time 1000.0
minutes a constant decrease of the circulation time is observed. The unusually
large values at the beginning is due to the original ordering the precipitator
times in file 4 in the data set. Hence, these values are artificial since they

are not a true result of the scheduling operations programmed in the model. The
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steadily declining slope, however, is evidence that the operations in the
circuit are exerting a constraining effect on the length of time each precipi-
tator is allowed for circu]ation( After time 1000.0 minutes, the slope levels
off at around a circulation time value of 24.5 hours but the points begin to
show a larger degree of scattering. There is no discernable trend or pattern
and the points appear to be randomly distributed about some mean value. The
conclusion from this is that the model predicts that the operations in the
circuit will 1imit the circulation times of the precipitators to lie within a
small range around the value of 24 hours. This is verified by communication
from plant personnel indicating that the expected average circulation time in
the plant is 24 hours. Therefore, a reliable estimate of the mean circulation
time and its variation can be obtained from plant operating data.

With the information on the total seed volumes used up to a time, mean
flowrates of continuous seed streams equivalent to the actual batch flows can be
computed. Estimates >f the effective number of operating precipitators and the
mean circulation times can be made from plant data. The maximum volume of a
full precipitator is a known constant and the flowrate of the continuous preg-
nant Tiquor streamis measurable. Hence, a method for solving the average
"steady-state" conditions in the circuit, similar to that employed in the first

case study, could be formulated.

(b) Total Free Height; Level Height of Hydrate Agitator; Level Height of Filling

Tanks
Figures 9a and 9b show the changes in the total free height and the level heigh

of the hydrate agitator and filling tanks during the simulation. The Tow values

of the total free heijht at the start of the simulation are caused by the
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arbitrary ordering of the precipitators in the initial data set. The values
inerease steadi]y with time in response to the operations in the circuit.

After time 200.0 minutes, the consistent upward gradient disappears and the
graph levels off as the system begins to show the effects of the scheduling
operations. At time 2880.0 minutes, the total free height reaches a maximum
value of 354.4 ft. This is an indication that the available free volume in

the circuit is near i:s allowable maximum. In order to bring the system back

to normal operating conditions, the underflow of the hydrate agitator is
decreased by a certain amount at this point. (See Figure 10. This aspect of
control is artificial; in the real plant, factors downstream away from the
precipitation circuit, such as the level of the spent liquor tank, must also

be considered.) The system responds almost instantly with a reduction in the
total free height. The damping effect is, however, noticeable as the Tine
oscillatesto a new mean value. At the end of the simulation, the total free
height is averaging around 230 ft. Wider oscillations are also observed with the
level in the hydrate agitator. This is expected because its underflow has
undergone a step-change and its input flow consisting of the precipitator draw-
offs are always adjusted to maintain its Tevel within a specified range. From
this, it is seen that: (1) the extent of the fluctuations in the total free
height and the hydrate agitator level caused by a change in the hydrate agitator
underflow depends on the magnitude of the change; and (2) the new average total
free height is related to the new underflowrate. Since the total free height
should be constrained to lie between 200 and 350 ft., the step-change in the
hydrate agitator underflow could have been made smaller to maintain a final aver-

age value of the total free height nearer to 275 ft.
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The level of the two filling tanks average around 10 ft. éfter an
injtial rapid rise from the 1 foot level originally assigned in the data set.
A plant objective is to minimize the two levels close to zero. Apparently,
this requires more fillings of precipitators, ie. having a shorter idling time
of the liquor inlets in between fillings. With more fillings, there must also
be more empty precipitators available; hence, precipitators should be drawn-
off sooner and the hydrate agitator underflow increased. This, however, will
result in a larger to:al free height and a smaller value for the average circu-
lation time. With Tess time allowed for the crystallization reaction, produc-
tion would decrease. This reduction in product quantity is, however, in
conjunction with a reduction in inventory costs tied to Tower Tevels in the
filling tanks. Hence, this area can be identified for an optimization study

carried out to improve production benefits.

Section D: Model Val-dity

The simulation model is an abstraction of the real system, hence, its
validity should be considered within the framework of the inherent simplifying
assumptions. Of the five assumptions contained in the model, the third which
involves the adjustment of the hydrate agitator underflow depending on the total
free height in the circuit, is believed to be the one most seriously affecting
the "correctness" of the simulation results. From discussions with plant
personnel, it is apparent that this represents an important deviation from reality,
thus making it difficut1t to estimate the bearing it has on the validity of the
model and the results obtained. However, in reference to the previous discussion
on system performance, it is noted that the assumption was actually used only

once during the simulztion run from time 0.0 to 3500.0 minutes. The hydrate
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agitator underflow was decreased in a step-change when the total free height
exceeded 350 ft. In spite of the questioned validity of this operation, some
usefulness is shown by the information obtained on how the system would respond
under that circumstance.

It is not possible to make a quantitative check on the model validity
unless actual plant data are available for a comparison with the simulation data
obtained from the model under similar operating conditions. A check on the
material balance in the system should, however, reveal any programming error in
the model. If the material balance is satisfactory, it proves that no signifi-
cant quantitative error exists in the model, but it still does not logically
- follow that the quantitative results from the simulation are exact predictions
of plant performance. In this study, the material balance in the system is

checked at every time instance, and the residual term in the equation:
Input - OQutput - Accumulation = Residual

is computed in each instance. The largest value of 3 cu. ft. obtained at time
3500.0 minutes is less than 1.0 x 10'4 percent of the magnitude of the other
three corresponding terms. The residual value is therefore negligible and the
material balance satisfactory.

A criterion for verifying the validity of the model on a qualitative
basis is that the circulation time of the precipitators should converge to 24 -
26 hours if the model truly reflects the actual plant conditions arising from
the scheduling operations. The results obtained show that the data on the
circulation time do lie within the expected range. Also, the total free height
calculated during the simulation does not vary outside the range that is pre-

scribed for the real plant. Data collected on the level height of one arbitrarily
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selected precipitator (No. 17) show in Figure 11 the same‘pattern of changes as
that observed for precipitators in the circuit.

Although these observations and others which might be made show that the
model is not invalid, it is not possible to provide conclusive evidence proving
absolute validity. This is, however, not the objective of simulation, which is
to yield more information on the problem rather than to provide its exact or
specific solution. To this same end, recommendations for a further study of the
scheduling operations and their effects in the precipitation circuit of the

Bayer Process Plant are discussed next.

Section E: Recommendations of Strategies for Model Application and Improvement

The established simulation model can be used for perturbation studies
to answer "what-if?" kind of questions. Examples of such studies include:

(1) Changing the number of precipitators in the circuit;

(2) Changing the average input flowrate of pregnant liquor;

(3) Changing the average underflowrate of the hydrate agitator;

(4) Implementing different filling policies over varying time periods;

(5) Changing the rates at which seed charges could be made at present.
and each time observing the effects of the changes on conditions in the circuit,
such as, the resulting precipitator circulation times, the total free height,
and the level heights of the filling tanks and the hydrate agitator. Since it
is already recognised that beneficial effects (eg. increased circulation times)
can be concurrent with undesirable effects (eg. increased filling tank levels),
such studies of system disturbance should yeild a pattern of the feasible

operating region for improved performance.
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Modification bf the model in various ways can be made to study other
aspects of the operations in the circuit. The performance resulting from a
plant re-design, such as the addition or removal of facilities for precipitator
filling or discharging, can be simulated using a modified version of the same
model. Since the physical constraints in the circuit 1imit operation condi-
tions to lie within a definite range, if it is required to operate outside this
range, the constraints must necessarily be changed. The importance of the
circulation time as a measure of better plant performance has been mentioned.
The reason for this importance is that product quantity and quality (size-
distribution) is directly related to the circulation time, and also to the
quantity and quality of the seed charge added. Thus, in order to obtain a more
useful model, it is necessary to add modifications so as to account for the
extra information on product gquantity and quality. The way this could be done
is to carry this information on seed quality in the system vectors describing
the stream flows in the plant, and to ‘pass on this information together with the
information on the circulation time provided by the existing model to another
model, programmed as a modular subroutine, that can predict the quantity and
quanlity of the next batch of products. Mechanistic models in this category are

(10,

being developed at McMaster University (Groeneweg , and elsewhere (Misra and
wnite11)).

The present model requires the underflowrate of the hydrate agitator to
be adjusted when the total free height is outside a prescribed range. In the
plant, this adjustment is made according to the Tevel changes in the spent liquor
tank which is not in the precipitation circuit, but is further downstream.

Therefore, to eliminate the artificial control of the hydrate agitator underflow

programmed in the model, the definition of the scope of the system should be
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broadened to include the downstream sections of the plant. This would, of
course, entail an extension of the present simulation model. Such an extension
would also allow a study of the effects of the changing quality of the seed
material which is recycled from downstream to be used as seed charges for the
precipitators. The DESS executive is fully capable of providing the information-

handling framework needed in such simulation experiments.
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CONCLUSION

A presentation of the new executive system, DESS, for discrete-event
simulation, and two appljcation case studies involving the precipitation
circuit in the Bayer Process Plant has been made in this thesis. DESS was
generated in answer to the need for an information-handling executive that
anticipates the programming tasks involved in simulation studies of large,
complex systems. Other similar executives, such as, GPSS, GASP, and SIMSCRIPT,
have been considered and were rejected on such grounds as a lacking in flexi-
bility and insufficiency. The ability of DESS to deal with complex systems
involving large networks of information flow in an efficient manner makes it
a realistic tool for simulation modeling and experimentation. (Some measure of
this efficiency is realised in the Ee]ative]y low core memory and computation
time required per simulation run. In the second case study, the simulation
required less than 37k words or about 2 million bits, and 42 seconds per run in
the CDC 6400 computer.)

The application case studies have contributed more information on the
scheduling operations and their effects on the flow conditions in the precipita-
tion circuit of the Bayer Process Plant, and on the difficulties in representing
‘the average conditions in the plant with a "steady-state" model. The results
obtained do not purport to reflect exact plant behaviour but have served use-
fully in the identification of the relationships between the control operations
and the response in different parts of the circuit. This knowledge should lead
to more effective control of plant performance and more accurate predictions of

changes and problem areas.
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Subroutine GASP (NSET)

The subroutine is called by the user-supplied "main" program to start
the simulation. It then selects events, sequences time, controls the moni-
toring of intermediate simulation results and initiates the printout of the
final summary output when the simulation has been completed. It controls the
simulation from start to end, and at the end, it transfers control back to

the main program.
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SUBROUTINE GASP (NSET)

5

C DESS/CNC6400

C

C DISCRETE-EVENT SIMULATION SYSTEM

C

C CRFATED BY ==~ RAY H, T. WONG

C === MCMASTFR UNTVERSITY

€ -=-- HAMILTONs ONTARIOs CANADA
£

€ IN === 197171972

%

i BASED ON ==-- GASP IT AND GEMCS/6400
¢

Ce#unsTHE | ENGTH n0F THE ARRAYS AND VECTORS SHoULD BE AS FOLLOWS =
€
Catdse s ATRIB(TM) o ENQ (NOQ) s INN(NOQ) s JCE|. S(NHIST+MXC) s KRANK (NOQ) »
Caessr#MAXNQ (NOQ) sMFE (NOQ) sMLC (NOQ) sMLE (NOQ) sNCELS(NHTST) sNQ (NOQ) »
Ci###NSET (MXXe1l) « PARAM (NPRMS ¢NEPRM) s QTIME (NOQ) s SSUMA (NSTATsNHIST) »
CH#3#i#SUMA (NCLLCToNHIST) o VNQ (NOQ)
CH###u#NOTE THAT NSET HAS TO BE DIMENSTONFD TO NSET(MXXeID) IN
Cu##atMATN PROGRAMME (OR ERRORS IN CORE STORAGE WILL ARISE)
G
DIMENSTON NSET(12s1)
COMMON Z/A/ ATRIB(10) sENQ(10) s INN(LI0) o JCFLS(5+22) yKRANK(10)
COMMON /By MAXNQ(10) sMFE(10) sMLC(10) ¢MLFE(10) +NAME (20) s NCELS(5)
COMMON /C/ NQ(10) sPARAM(20410) sQTIME(10) sSSUMA(105) sSYMA(1045)
COMMON /D/ VNQ(10)
COMMON /E/ TDsTIMesINITeJEVNT9sJMNTIToMFAsMSTOPsMXeMXCoeMXXaNCLCToNEP
COMMON /F/ NEPRMsNHISTsNOQeNORPToNNT s NPRMS e NRUNsNRUNSsNSTAT«OUT
COMMON /G/ SCALFsISFEDsTNOWsTBEGsTFIN
COMMON /H/ JCLReMON+NDAY sNPROJsNYR
COMMON /AA/ EEN(175) ¢EN(25) «KPRNT(10) o1 LST(20) sNPOINT(2042)
COMMON /BB/ NS (25) ST (4410)sSN(17910)9S0(4+10)
COMMON /CC/ IITeISeISPs JJsl OOPeMSNeNCeNCALC
CoMMON /DD/ NCOUNTsNEsNINsNOCOMP sNOUT sNSR

NOT=0
1 CALL DATAN (NSET)
s |
CH##e#PRINT oUT FTILING ARRAY
C
JEVNT=101
CALL MONTR (NSET)
PRINT 17
C

CHu#x#OBTAIN NEXT EVENT WHICH IS FIRST ENTRY TN FILE 1. ATRIB(1) IS
Cre##EVENT TIME. ATRIB(2) IS EVENT CODE

€
2 CALLL RMOVE (MFE(1)e1sNSET)
TNOW=ATRIRB(1)
JEVNT=ATRIB (2)
G
Caxa#TEST Tn SFE IF THIS EVENT IS A MONTTOR FVENT
€

IF (JEUYNT=100) 3411410
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3 I=JFEVNT
G
Cisee##CAl L PROGRAMMERS EVENT ROUTINES
C 5
CALL EVNTS (IeNSET)
C
Cu##x#%#TEST MFTHOD FOR STOPPING
C
IF (MSTOP) 441445
4 MSTOP=n
C
Cu###TEST FOR NO SUMMARY REPORT
&
IF (NORPT) Qe647
5 IF (TNOW=TFTIN) 144646
6 CALL SIIMRY (NsET)
CALL OTPUT (NSET)
C
Ca####TEST NUMBER OF RUNS REMAINING
C
7 IF (NRUNS=1) 941648
8 NRUNS=NRUNS=-1
NRUN=NRUN+1
GO T0O 1
9 CALL ERROR (93+NSET)
10 CALL MONTR (NSET)
GO TO 2
C
CH#sedaRESET MNIT
£
11 IF (UMNIT) 9412413
12 JMNIT=1
GO 70 ?
13 JMNIT=0
GO 1O 2
€

Ca#u#u#TEST To SEE IF FVENT INFORMATION IS TOo RE PRINTED
€

14 IF (UMNIT) 942415

15 ATRIB(2)=JEYNT
JEVNT=100
CALL MONTR (NSET)
GO TO ?

o

6*****IF ALL RUNS ARE COMPLETED RETURN Tn MATN PROGRAM FOR INSTRUCTIONS
L&

16 RETURN

C

C

c

1% FORMAT (1H1 438X +24H##INTERMEDIATE RESU| TS#%//)

END
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Subroutine DATAN (NSET)

The subroutine performs data input and initialization. System variables
pertaining to the GASP subsystem are assigned starting values and entries
describing the initial schedule of future events are made in the event-file
(file no. 1). To allow sequential runs, the subroutine provides the ootion
of readfng in new values for the system variables and/or new initial simula-
tion entries to alter the beginning situation. Al1l data are read in as real

numbers in a format cf 5F12.0.
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SUBROUTINE DATAN (NSET)
DIMENSTON NSET(12s1)
C####%RVAR IS A TEMPORARY REAL VARIABLE STORAGE VECTOR - MAY NEED TO BE
Cuw###INCREASED IF OTHER VECTORS AND ARRAYS ARE INCREASED
DIMENSTON RVAR (20)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

IF (NOT)

C

/A/
/B/
/C/
/D/
/EL
/E#
/G/
/H/

ATRIR(10)sENQ(10) s INN(10) 9JCFLS(5+22) ¢ KRANK(10)
MAXNO(10) sMFE(10) sMLC(10) oM _F(10) sNAME (20) sNCELS(5)
NQ(10) spARAM(20910) sQTIME(10) s SSUMA(10+5) s SUMA(1045)
VvNQ (10)

TDs IMs INTToJEVNT 9 UMNIT oMFAIMSTOP sMX9MXCoMXX 9 NCLCT o NEP
NEPRMsNHIST sNOQsNORPT oNOT o NPRMS s NRUN s NRUNS oNSTAT s OUT
SCALEsISEEDs TNOWs TBEGs TFIN

JCLReMONsNDAY sNPROJSNYR

29391

Cax#nuNEP IS A CONTROL VARIABLE FOR DETERMINTNG THE STARTING CARD
Ca##s#nTYPE FoR MULTIPLE RUN PROBLEMS. THE VALUE oF NEP SPECIFIES THE
CHi#itgTARTING CARD TYPE.

(395969891091 2914922¢26938)9¢ NT

(95 4NSET)

(RVAR(I) «I=1+5)

(RVAR(I) +sI=1+10)

C

1 NT=NEP
Go TO

Z CALL ERROR

2 NOT=1
NRUN=1

2

C####%DATA CARD TYPE ONE

E
READ 39+ NAME
READ (54+440)
NPROJ=TNT (RVAR (1))
MON=INT (RVAR(2))
NDAY=INT (RVAR(3))
NYR=INT (RVAR (4))
NRUNS=TNT (RVAR(5))
IF (NRUNS) 49445

4 CALLEXTIT

€

Caa#3#DATA CARD TYPE TWO

C

5 READ (5440)
NPRMS=TNT (RVAR(1))
NHIST=TNT (RVAR(2))
NCLCT=TNT (RVAR(3))
NSTAT=TNT (RVAR (4))
ID=INT (RVAR(5))
IM=INT (RVAR(6))
NOQ=INT (RVAR (7))
MXC=INT (RVAR(8))

C

Cr#us#uNEPRM TS A NEW VARIABLE INTRODUCED AS NUMBER OF ELEMENTS IN
CuunusEACH PARAMETER SET

C

NEPRM=TNT (RVAR(9))
SCALE=RVAR(10)
IF (NHTST)

Be8Be6
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C
CH####%DATA CARD TYPE THREE IS USED ONLY TF NHIST IS GREATER THAN ZERO
CH##u##SPECIFY NUMRER OF CFLLS IN HISTOGRAMS NOT INCLUDING ENp CELLS
G
6 READ (5440) (RVAR(I)sI=1eNHIST)
DO "7 I=1eNHIST
NCELS(T)=INT(RVAR(I))
T CONTINIUIE
C
Cusu#DATA CARD TYPE FOUR
Cuu#uSPECIFY KRANK=RANKING ROW

c

] READ (5+40) (RVAR(I)«I=1sNOQ)
DO 9 I=1+N0p
KRANK(T)=INT (RVAR(I))

9 CONTINUE

C

Cr#i#s#tDATA CARD TYPE FIVE
CHu###SPECIFY INN=1 FOR LVFs INN=2 FOR HVF

C
10 READ (54+40) (RVAR(I)sI=1en0Q)
DO 11 T1=1.NOQ
INN(I)=INT(RVAR(I))
i1 CONTIN{E
C
CH#s###PRINT OUT PROGRAM IDENTIFICATION INFORMATION
C
WRITE (69+41) NAMEsNPROJsMONeNDAY sNYRoNRLUIN
WRITE (6944) NRUNS+NPRMSsNHISTsNCLCTsNSTATsIDs IMsNOQsMXCoNEPRM
WRITE (6+43) SCALEs (NCELS(I)sI=1sNHIST)
WRITE (6+45) (KRANK(I)sI=1+NOQ)
WRITE (6+46) (INN(I)sI=1sNOQ)
IF (NPRMS) 2s+14.12
12 DO 13 7=1+sNPRMS
C

C#####DATA CARD TYPE SIX IS USED ONLY IF NPRMS IS GRFATER THAN ZERO
C
READ (5440) (PARAM(TeJ) sJ=19sNEPRM)
i3 CONTINUIE
C
C#u#u#DATA CARD TYPE SEVENe. THE NEP VALUE Is FOR THE NEXT RUN. SET
C###%# JSFED GREATER THAN ZERO TO SET TNOW EQUAL TO TBEG.
C
14 READ (5440) (RVAR(I)sI=147)
MSTOP=TNT (RVAR (1))
JCLR=INT (RVAR(2))
NORPT=TNT (RyAR(3))
NEP=INT (RVAR(4))
TBEG=RVAR (5)
TFIN=RVAR(6)
JSEED=7NT (RVAR(7))
IF (JSFED) 15418515
15 | ISEED=JSEED
DO 16 kK=1,30
RNUM=DRAND ( TSEED)



16

I
18

c

CONTINIIE
TNOW=TRFG

DO 17 )=1+N0OQ
QTIME ( ) =TNOW
CONTINUE
JMNIT=0n

- MXX=TM+?

C*****PPINT PARAMETER VALUES AND SIMULLATTON RUN VARTABLES

&
19

20
2]

[

IF (NPRMS) 21421419

DO 20 1=1+NpRMS

WRITE (6+42) T4 (PARAM(TI4J) 9 J=14NEPRM)
CONTINUE

CONTINUE
WRITE (6347) MSTOPsJCLRsNORPTsNEPsTBEGsTFINs JSEED

cH##*NDATA CARD TYPE 8

C#u##%#SPECIFY INPUTS FOR NEXT RUN

Cus#xREAD In AND PRINT QUT INITIAL EVENTS AND ENTITIES
CHu##%END INTTIAL EVENTS AND ENTITIES WITH Jo EQUAL TO ZERO

70
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Cuu#u#INITIA TZE NSET BY JQ EQUAL TO A NFGATTVE VALUE ON FIRST EVENT
CiedesecCARD
(¥
22 WRITE (6+48)
DO 25 JS=141D
READ (5.40) AJQ
READ (5440) (ATRIB(JK) ¢ JK=14+1IM)
JO=INT (AJQ) )
WRITE (6+49) JQs (ATRIB(UK) s JK=141IM)
IF (JQ) 23426424
23 INIT=1
CALL SFT (14NSET)
60" T0 25
24 CALL FTLEM (JQeNSET)
25 CONTINFE
C
Cu#s#u% JCLR BF POSITIVE FOR INITIALIZATION OF STATISTICAL STORAGE ARRAYS.
C

26 IF. (JCL R) 38s38¢27
2v IF (NCIL.CT) 29314528
28 DO 30 T1=14NCLCT

D0 29 Jxls3
SUMA(T.J)=0,

29 CONTINUE
SUMA(T.4)=1,0E20
SUMA(I.5)==1.0E20

30 CONTINUE
31 IF (NSTAT) 2935432
32 DO 34 1=1sNSTAT

SSUMA(T+1)=TNOW
DO 33 J=2,3
SSUMA(TsJ)=0.

33 CONTINYE
SSUMA(T44)=1.0E20
SSUMA(T+5)==1.0F20

34 CONTINUIE
35 IF (NHTST) 2,38,36
36 DO 37 K=1eNHIST

DO 37 | =1eMXC
37 JCELS (KselL)=0

38 CONTINUE
RETURN

&

*

C

39 FORMAT (20A4)

40 FORMAT (5F12.0)

41 FORMAT (1HO0,20A44/ 4% SIMULATION PROJFCT NOo#*4T144/10X+4HDATEs 13,1
1H/31341H/915912X910HRUN NUMBERsI54 /)

42 FORMAT (1H 4% PARAMETER SET NO. #4T7Se#* FLEMENTS ARE = #45F12.49/9(

140X95F12.4))
43 FORMAT (1H +% SCALE = #4F10.49/% NCELS(I)s I = 1eNHIST #4/201I5)
44 FORMAT (1H +%* NRUNSsNPRMSsNHISToNC| CToNSTAT9IDsIMaNOQosMXCoNEPRM 3y
1/1015)
45 FORMAT (1H +% KRANK(I)e I = 14NOQ #4/2075)



46
47

48

49

72

FORMAT (1H 4% INN(I)s I = 1,NOQ #,/2015)

FORMAT (1H 4% MSTOP+JCLRsNORPTsNEPsTBEGsTFINs JSEED *9/41592F 1244
15)

FORMAT (1H0430Xe#* pDESCRIPTION OF gENTRIES (EVENTS ANp ENTITIES) *e
110Xe# FTILE NUMBFR #450Xs% ATTRIBUTES #)

FORMAT (1H «15XeI5+20X95F12e49/9(40X95F12.4))

END
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Subroutine SET

The subroutine attends to the information storage and retrieval opera-
tions performed in the dynamic filing array, NSET. It has three main functions:
(1) initializes the filing array, NSET, (2) updates the pointer system that
establishes the relationships between entries of files, and (3) maintains
statistics on the number of entries in each file. Statistical values maintained
for each file of NSET are: the current number of entries, NQ(JQ); the Targest
number of entries ever filed, MAXNQ(JQ); the time integrated number of entries,
ENQ(JQ); the last time an entry was filed or removed, QTIME(JQ); and the square
of the number in the file integrated over time, VNQ(JQ). ENQ(JQ) and VNQ(JQ)
are used to obtain the average and standard deviation of the number of entries

in File JQ. The relationships between the variables are as follows:

J
ENQ(JQ) = I NQ(JQ) * (t; - QTIME(JQ))
i=0
d
VNQ(JQ) = z  NQ(JQ) * NQ(uQ) * (t; - QTIME(JQ))
i=0

where ti is the time at which NQ changes, and I is taken over each ith

point
when that occurs. Statistical estimates in the time interval 0.0 to tj would

be:

The average number in file JQ = ENS(J )
J
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Estimate of the standard deviation of number in file JQ = TVNQ(J 2
l tj J- XNQ

The pointer system maintained by SET in the filing array, NSET, consists

of the use of the last two rows in the array (rows MX and MXX) to store the

"successor" pointers and "predecessor" pointers. The "successor" pointer in row

MX of an entry in NSET contains the column number of the next entry succeeding

it in the same file. Similarly, the "predecessor" pointer in row MXX of the

same entry, contains the column number of the previous entry preceding it in

the file. If an entry is the first in a file, it would have no predecessor and

the code number of 9999 would be entered by SET for its predecessor pointer.

If it is the Tlast entry in the file, it would have no successor; hence, its

successor pointer would be coded as 7777. The number of available columns in

NSET is equal to the value read in for ID. Therefore, the column ID is the last

possible column for storing entries and its successor pointer is always given

the code value of 8888.
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SUBROUTINE SET (JQsNSET)

DIMENSTON NSET(12¢1)

COMMON /A/ ATRIR(10) sENQ(10) o INN(1N) ¢ JCFLS(5922) sKRANK (10)
COMMON /B/ MAXNQ(10) «sMFE(10) sMLC(10) oML E(10) sNAME (20) ¢NCELS(5)
COMMON /C/ NQ(10) sPARAM(20+10) sQTIME(10) sSSUMA(104+5) sSUMA(10+5)
COMMON /D/ VNQ(10)

COMMON /E/ TDsIMeINITesJEVNT o JMNTT eMFAIMSTOP sMX9aMXCoMXXsNCLCToNEP
COMMON /F/ NEPRMsNHISTsNOQsNORPTsNOTsNPRMSsNRUNsNRUNSsNSTAT,0UT
COMMON /G/ SCALFsISEEDsTNOWs TBEGsTFIN

COMMON /H/ JCLR+MON+NDAYsNPROJINYR

c .
Cu##uxINIT SHOULD BE ONE FOR INITIALIZATION oF FILE
K&

IF (INTT=1) Ss145
C

CuunaeINITIA IZE FILE TO ZERO. SET UP POINTERS

Caee#tMUST INITIALIZE KRANK (JQ)

CH##a#MygT INITIALIZE INN(JQ)####INN(JQ)=1 Ig FIFO®¥#INN(JQ)=2 Is LIFO
C

1 KOL=T7T777
KOF=8888
KLE=9999
MX=TM+]
MXX=IM+2

G

Cuuaase INITIA| IZE POINTING CELLS OF NSET AND ZERO OTHER CELLS OF NSET
G
DO 3 I=1.1D
DO 2 J=191IM
NSET(Je1)=0
2 CONTINUE
NSET(MXXeI)=I~-1
NSET (Mxs1)=T7+1
3 CONTINUE
NSET (MX s ID) =KOF
DO 4 K=1+NOQ
NQ (K) =0
MLC(K) =0
MFE (K) =0
MAXNQ (K)=0
MLE (K) =0
ENQ(K)=0.,0
VNQ(K) =0+
QTIME(K)=TNOW
4 CONTINUE
G
CHu#u#FIRST AVAILABLE COLUMN = 1
€
MFA=1
INIT=0
OUT=0.0
RETURN
C
Cu#asMFEX IS FIRST ENTRY IN FILE WHICH HAS NoT BEEN COMPARED WITH ITEM
Cr##2:T0 BE TNSERTED
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C ;
5 MFEX=MFE (JQ)
e
Cu#s#s#kKNT IS A CHFCK CODE TO TINDICATE THAT No COMPARISONS HAVE BEEN MADE
C

KNT=2
&

CuakS IS THE RoW ON WHICH ITEMS OF FILE yo ARE RANKED
KS=KRANK (JQ)
Cuaxa#TEST FOR PUTTING VALUE IN OR OUT
C###3#%IF QUT FQUALS ONE AN ITEM IS TO BE REMOVED FROM FILE JQ. IF OUT
CHu#a1S |LESS THAN ONF AN ITEM IS TO BRE INSERTED IN FILE JQ
C
IF (QUT=1.0) 6425936
C
Cx####PUTTING AN ENTRY IN FILE UQ
Cues#aunXFA Is THE SUCCESSOR CoLUMN OF THF FIRST AVAILABLE CoLUMN FOR
C###%#gTORING INFORMATION
C#####THE ITFM TO BE INSERTED WILL BE PUT IN COLUMN MFA
C
6 NXFA=NSET (MXesMFA)
I
Ca##4##IF INN(JUQ) FQUALS TWO THE FILE IS A HVF FILE. IF INN(UQ) IS
C#####0ONE THFE FILE IS A LVF FILE. FOR LVF FILES TRY TO INSERT
C####%gTARTING AT END OF FILE. MLEX IS | AST FENTRY IN FILE WHICH HAS
C##3###NOT BEFN COMPARFD WITH ITEMS TO BE INSFRTED.

c
IF (INN(JQ)=1) 3657419

7 MLEX=M| E (JQ)

c

Crun#IF MLEx IS 7ZERO FILE IS EMPTYe. ITFM T0 BE INSERTED WILL BE ONLY
Ca#uu##]ITEM IN FILFE.
C

IF (MLFX) 3648413
8 NSET (MxXsMFA) =KLE

MFE (JQ)=MFA
L
C####THERE TS NO SUCCESSOR OF ITEM INSERTED., SINCE ITEM WAS INSERTED
Cu##%%IN COLUMN MFA THE LAST ENTRY OF FILE Jo IS IN COLUMN MFA.
67 t
9 NSET (MX sMFA) =KOL

MLE (JQ)=MFA
G
Cr###%SET NEw MFA EQUAL TO SUCCESSOR OF oLD MFA. THAT IS NXFA. THE
Cunxt#tNEW MFA HAS Np PREDECESSOR SINCE IT IS THE FIRST AVAILABLE COLUMN
C###t*FOR STORAGE,

C
10 MF A=NXF A :
IF (MFA=KOF) 11412412
11 NSET (MXX sMFA) =K[ E
C
Cxu###UPDATE STATISTICS OF FILE JQ
C
12 XNQ=NQ ( JQ)

ENQ (JQ) =ENQ (JQ) +XNQ#* (TNOW=-QT IME (JQ))
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VNQ (JQ)=VNQ (JQ) +XNQ#*XNQ#* (TNOW=-QT IMF (JQ) )
OTIME (1Q) =TNOW

NQ (JQ)=NQ (J0) +1

MAXNQ (. J0) =XMAX (MAXNQ (JQ) sNQ (JQ))

MLC (JQ)=MFE (JQ)

RETURN
G
Cau###%#TEST RANKING VAL UE OF NEW ITEM AGATNST VALUE OF ITEM IN COLUMN
Catsesea st MLE X
&
13 IF (NSFT(KS+MFA)=NSET(KSeMLEX)) 16414914
&

Cou#r#INSERT TTEM AFTER COLUMN MLEX. LET SUCCESSOR OF MLEX BE MSU.
£
14 MSU=NSFT (MX+MLEX)
NSET (MXx «MLEX)=MFA
NSET (MxXesMFA)=MLEX
GO TO (15+49)s KNT
C
Cra##%SINCE wNT EQUALS ONE A COMPARISON WAS MADE AND THERE IS A
Cuu#u#tSUCCESSOR To MLFXe TeEes MSU IS NOT EQUAL To KoLe POINT COLUMN
Cuu##MFA TO MSU AND VICE VERSA.

@
15 NSET (MX s MFA) =MSU
NSET (MXX9sMSI)) =MFA
GO TO 10
C
Cru###SET KNT TO ONE SINCE A COMPARISON WAS MADE.
C
16 KNT=1
c

Cuu###TEST MFA AGAINST PREDECESSOR OF MLFX BY LETTING MLEX EQUAL
Causu#*pREDECESSOR OF MLEX.

c
MLEX=NSET (MXX oM EX)
IF (MLFX-KLF) 13+17,13
c
Cuuus#IF M_EX HAD NO PREDECESSOR MFA IS FIRST IN FILE.
c
17 NSET (MXXsMFA) =K| E
MFE (JQ) =MF A
c

C###2%SUCCESSOR OF MFA IS MFEX AND PREDECESSOR OF MFEX IS MFA. (NOTE AT
Cunux#THIS PnINT MLEX = MFEX IF LVF WAS USED).

C

18 NSET (MX e MFA) =MFEX
NSET (MXXsMFFX)=MFA
GO TO0 10

G

C###u% FOR HVF OPFRATION TRY TO INSERT ITEM STARTING AT BEGINNING OF
Casi#FILE Jne.

Cu##u%IF MFEx IS 0s NO ENTRIEsS ARE IN FILF J0. THIS CASE WAs CONSIDERED
C#u#¥###PREVIOIISLY AT STATEMENT 10.

C

19 IF (MFFX) 3698420
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C

CH###TEST RANKING VALUE OF NEW TTEM AGAINST VALUE OF ITEM IN COLUMN
CeeesenstMFEX,

&

20 IF (NSFT(KSeMFA)=NSET(KSeMFEX)) 21422422

C

CusnnsIF NFW VALUF IF LOWERs MFA MUST BE COMPARED AGAINST SUCCESSOR OF
CusaseMFEX,

C

21 KNT=1

C

Cuusrnst| ET MPRE = MFEX AND LET MFEX BE THF SUCCESSOR oF MFEX.
C

MPRE=MFEX

MFEX=NSET (MXsMFEX)

IF (MFFX=KOL) 20924420
(3
Cau#ez#1F NFW VALUF IS HIGHERs IT SHOUI D RE INSERTED BETWEEN MFEX AND ITS
C##22#PREDECFSSOR,
C#s#u®]F KNT = 2, MFEx HAS NO PREDECESSORy 6O TO STATEMENT 16. IF KNT
CH#itdtsdt= 14 A COMPARISON WAS MADE AND A VALUE OoF MPRE HAS ALREADY BEEN
CH####0OBTAINFD ON THE PREVIOUS ITERATION, SFT KNT = 2 TO INDICATE THIS.
c:

Zg GO TO (23+17)s KNT
23 KNT=2
o

é*****MFA IS TO BFE INSERTED AFTER MPRE. MAKF MPRE THE PREDECESSOR OF
CuusasMFA AND MFA THE SUCCESSOR OF MPRE.

&

24 NSET (MXXsMFA)=MPRE
NSET (MX s MPRF ) =MFA

G

CauuusIF kNT WAS NOT RESET TO 2, THERE IS NO SUCCESSOR OF MFA. POINTERS
Cws#u5ARE UPNDATED AT STATEMENT 17. IF KNT = 2s IT WAS RESET AND THE
Cuuuu#GCCESCOR OF MFA IS MFEX.

C ,
GO TO (9+¢18)s¢ KNT
%
Cau#u#REMOVA] OF AN ITEM FROM FILE UQ.
C
25 OUT=0.0
C

Ci###3#UPDATE POINTING SYSTEM TO ACCOUNT FOR RFMOVAL OF MLC (JB)e COLUMN
Cu####REMOVED IS ALWAYS SET TO MLC(JQ) BY SURROUTINE RMOVE.
G

MMLC=M| C (UQ)
C .
Cu####¥RESET oUT To 0 AND CLEAR COLUMN REMOVED. LET JL EQUAL SUCCESSOR
C####0F COLIIMN RFMOVED AND JK EQUAL PRENDECESSOR OF COLUMN REMOVED.
Cu#####]F JI. = KOLe MLC WAS LAST ENTRY. TF JUK = KLEs MLC WAS FIRST ENTRY
CH#i##ML . C WAS NOT FIRST OR LAST ENTRY. IPDATF POINTERS SO THAT JL IS
CH#####*SUCCESSOR OF JK AND JK IS PREDECESSOR OF JLe.
[

DO 26 1=1s1IM

NSET (7 «MMLC)=0



26 CONTINUE
=NSET (MX s MML ()
JK=NSET (MXX ¢ MMLC)
IF (JL-KOL) 27+334+27

27 IF (JK=KLE) 28432+28
28 NSET (Mx 9 JK) =JL
NSET (MxX e JL)=JK
C
Ca###%%xUPDATE POINTERS.
&
29 NSET (MX « MM C) =MFA
NSET (MxXeMM| C) =KLE
IF (MFA=KOF) 30431431
30 NSET (Mx X ¢« MFA) =MMLC
31 MFA=MLC (JQ)
MLC(JQ)=MFE (JQ)
G
Cuu#uaxUPDATING FI| E STATISTICS
>
XNQ=NQ (JQ)
ENQ (JQ)=ENQ (JQ) +XNQ# (TNOW=QTIME (JQ))
VNQ (JQ) =yNQ (JQ) +XNQ#*XNQ#* (TNOW=QT IMF (JQ) )
QTIME (JQ) =TNOW
NQ (JQ)=NQ (JQ) -1
RETURN
C _
CH##E#EM_C WAS FIRST ENTRY BUT NOT LAST ENTRY,
C
3 NSET (MXXsJL)=KLE
MFE (JQ) =JL
GO TO 29
33 CIF (UK=KLFE) 34435434
€
CrsenasM| C WAS LAST ENTRY BUT NOT FIRST ENTRY,
C
34 NSET (MX s JK) =KOL
MLE (JQ) =JK
GO TO 29
(%
CoesadM_C WAS BOTH THF LLAST AND FIRST ENTRY
Cu#aENTRY o
C
35 MFE (JQ) =0
MLE (JQ) =0
GO TO 29
36 CALL ERROR (88sNSET)
EALL EXIT

END
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UPDATFE POINTERS.

UPDATE POINTERS.

THEREFOREs IT IS THE

ONLY
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Subroutine GEMCS (NSET)

The subroutine maintains the information-handling scheme used in the
GEMCS subsystem for the solution of complex networks describing real processes,
with a technique that employs sequential, iterative calculations. It first
causes the loading of a data set which describes the information flow diagram
establishing the relationships between the various components and entities in
the simulated process. It then carries out the execution of a series of compu-
tations contained in user-supplied modular subroutines each of which describes
a set of related operations or activities in the process. This is performed
according to the order prescribed in the data set and with the arrangement for
information transfer into and out of the unit computations represented by the

modular subroutines.
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SURROUTINE GEMCS (NSET)
COMMON /AA/ EEN(175) ¢EN(25) yKPRNT (10) oL L ST(20) 4NPOINT (20,2)
COMMON /BR/ NS(25)9SI(44+70)9SN(17910)950(4410)
COMMON /CC/ T111eI1SsI1SPeJJslLOOPsMSNeNCoNCALC
COMMON /DD/ NCOUNT sNE sNTNsNOCOMP s NOUT s NSR
COMMON /A7 ATRIB(10) sENQ(10) s INN(L10) ¢ JCFLS(5922) sKRANK (10)
COMMON /B/ MAXNQ(10) sMFE(10)sMLC(10) +MLF(10) sNAME (20) ¢NCELS(5)
COMMON /C/ NQ(10) sPARAM(20+10) sQTIME(10) «SSUMA(10+5) sSUMA(1045)
COMMON /D/ VNQ@(10)
COMMON /E/ TDsIMsINITsJEVNT s JMNITeMFA9MGTOP ¢MX9gMXCoMXX9sNCLCT 9 NEP
COMMON /F/ NEPRMsNHISTsNOQsNORPTeNOT s NPRMS s NRUN«NRUNSsNSTATsOUT
COMMON /G/ SCALEsISEEDsTNOWs TBEGsTFIN
COMMON /H/ JCLRsMONsNDAYsNPROJeNYR
DIMENSTON NSET(12+1)

C

CH####EEN === DIMENSION EQUAL TO TOTAL NUMBER OF ELEMENTS IN ALL MODULES
C -=-- IF. LESS THAN OR EFQUAL TO pIMENSION ON EN 3# NCALC

Co#h##FEN ——e DIMENSION EQUAL TO | ARGEST NUMBER OF ELEMENTS IN ANY MODULE
Cu#s#n#| |LST === DIMENSTON EQUAL To TOTAL n~nUMBER OF MODULES INCLUDED
CH###%#NPOINT === FIRST DIMENSION EQUAL T0 OR GREATER THAN THE LARGEST

L -== FQUIPMENT NUMBER (= NOE)

C###%##NS ~== STREAM CODES = DIMENSION EQUAL TO NUMBER OF STREAMS
CH##e#S] / SO === FIRST DIMENSION INDICATES NOe. OF INPUT/OUTPUT STREAMS
C -== SECOND DIMENSION INDICATES NO. OF ELEMENTS PER STREAM
CH###%#SN -== FIRST DIMENSTON FQUAL TO IITs INDICATES NUMBER OF STREAMS

& ~== STORFD ANY TIME (INCLUDING TNPUT/OUTPUT STREAMS)

v

C###%#NOTE THAT A CHANGE IN THE SN SIZE REQUTIRES A CHANGE IN III TO
Cu##nsrMATCH THIS CHANGED SIZE

&

Cuuau#NOTE THAT THE STZE OF THE SN TABLE MUST BE THE NUMBER OF
Cuueuu#STREAMS WHICH HAVE A 1y 25 OR 3 STREAM TYPE LABELs PLUS THE
C#st#a#MAXIMUM NUMBER OF OUTPUT STREAMS FROM AN EQUIPMENT MODULE WHICH
Cuu##u#HAVE A 7 LABEL

C
I111=17
1Sp=0
NCOUNT=0
IF (ABS(TNOW=-TBFG) +GT.0,1) GO To 1
CALL DL OADI1
1 CONTINIJE
C
C####CALCULATING EQUIPMENT IN CALCULATION ORDER (IST
C
NC=1
Ticme].:
KTEST=n
IF (LOOP.FQ,999) KTEST=1
o
Cu#####PRINT SN TABLE
C
? IF (KPRNT(4)) 54543
3 WRITE (6+47) LOOP

DO 4 IKE=1,11I
IF (SN(IKEs1)sLE«0.0) GO TO 4



WRITE (6954) (SN(IKEesJ)eJ=1sJJ)

“ CONTINUE

C

Ceu#e#READ EnN VECTOR

C

5 NE=LLST (NC)
MM=NE

CALL DTSKIO (1¢MM)
NN=EN(3)+.001
NIN=EN(6)+.001
NOUT=EN(11)+.001
NTYPE=ABS (EN(2))+.001
KSw=0
IF (EN(2)«LFe0s) KSW=]
IF (KPRNT(4)) 74746

6 WRITE (6948) NE
WRITE (6454) (EN(I)sI=14NN)

C
CusnenxF INDING INPUT STREAMS
C
if: DO 14 T=1eNIN
S=EN(I+6)
CALL STREAM (=-S)
IF (IS=-III) 1041048
8 CONTINUVE
SI(Ie1)=S
£

CuwuuelF NO STREAM IS AVATLABLEs SET ST(1s=) = 0.0
»
DO 9 J=2sJJ
ST(IsJ)=0.
9 CONTINUIE
GO TO 14
10 DO 11 J=14JJ
SI(14J)=SN(TSsJ)
11 CONTINyE
IF (INT(S+4001)) 14414412
12 CONTINUE
M=S+.001
IF (NS(M)=6) 14+13+13
13 CONTINUE
SN(1Ss1)=0,

14 CONTINUE .
IF (KPRNT(4)) 17917415
15 WRITE (6+49) NE

DO 16 TKE=1,NIN
WRITE (6+54) (ST(IKEsJ) 4J=1sJJ)

16 CONTINyE

113 4 CONTINUE

C

C###F INDING OUTPUT STREAMS
c

DO 20 1=1+NOUT
S=EN(I+11)
CALL STREAM (=-S)

82
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IF (II71-1S) 20418418
18 CONTINYE

DO 19 J=2+JJ

SO(IeJ)=SN(TSeJ)

19 CONT INUE
20 S0(Ie«1)=S
@
C#3#x#CALLING MODULES
€
CALL MODULE (NTYPESNSET)
@
C####STORING OUTPUT STREAMS AND PRINTING
C
IF (NOUT) 29929,21
21 CONTINUE
DO 28 T1=1.NOUT
S=EN(I+11)
M=S+.001

IF (NS(M) «NFe3) GO TO 22
IF (KPRNT(6).EQ.2) GO TO 22
WRITE (6+450) M
WRITE (6+54) (S0(IeJ)sd=1sJJ)
22 IF (NS(M)=6) 23+28,23
23 CALL STREAM (=S)
IF (IS=11I1) 26426424

C
Cu####STORES TN NEXT | OCATION AVAILABLE TN SN
C
24 CALL STREAM (0.)
IF (IS=II1) 26426425
&

C#u#sn#]F NO SPACE IS AVAILABLE IN SNs WRITE - ERROR IN SN =
C
25 WRITE (6+53)
GO TO 78
G
Cue#aslF NS(M) = 79 SO S STORED IN SN TARLE TFMPORARILY FOR IMMEDTATE
Ce#u###USE IN NEXT CALCULATION
€
Ca#s#se[F NS(M) = 19 29 OR 39 THEN STREAMS ARE STORED PERMANENTLY
C

26 DO 27 J=legy
SN(ISe 1)=S0(1+1)
27 CONTINUYE
28 CONTINyIE
c
Cx###%#STORE TNPUT STREAMS IF DESIRED
C
29 CONTINUE

IF (NINeLESD) Gn To 33
DO 32 T=14NTN

S=EN(I+6)

M=S+0.001

IF (NS(M) .GF«6) GO TO 32
CALL STREAM (=5)



30

31
32
32

34

35
36
B

38

39
40

41

42

43
44

45

46

47
48
49
50
51
52
53
54
55

PIF (1S,LESTTT) #BORT0 30

CALL STREAM (0.)

IF (IS.LE.ITI) GO TOi30
WRITE (6453)

GO TO 32

DO 31 J=1leJJ
SN(IS+)=SI(IsJ)

CONTINUE

CONTINUE

CONTINVE

IF (ISp) 36,36+34

CONTINUE

IF (KPRNT(6)+EQ.2) GO TO 36
WRITE (6+51) NE

DO 35 TKE=1,.NOUT

WRITE (6+54) (SO(IKEeJ)ed=1sJJ)
CONTINUE

IF (LOOP=999) 4037437

IF (KSW.NE.0) GO TO 40

IF (NOUT) 40940438

CONTINUE 2

IF (KPRNT(6)+EQes2) GO TO 40
WRITE (6+52) NE

DO 39 TKE=1,NOUT

WRITE (6+¢54) (SO(IKEsJ) eJd=19eJJ)
CONTINUE

NC=NC+1

IF (NC=NCALC) 2+24+41
CONTINUIE

IF (LOOP=999) 42443443
CONTINyE

NC=0

GO TO 40

IF (KTFST) 44444446

NC=0

DO 45 7G=1,45

KPRNT(TG) =0

CONTINIE

KTEST=}

GO TO 40

IF (KPRNT(7)«EQ.1l) WRITE (6955)
RETURN

FORMAT (1H0.26H SN TABLE ON ENTERING LOOPsIS)
FORMAT (1H0,20H MODULE SET FOR UNIT,IS)

FORMAT (1H0425H INPUT STREAMS FOR MODULF+15)

FORMAT (1HQ«26H OUTPUT FOR PRODUCT STREAMsIS)
FORMAT (1HO0.26H OUTPUT STREAMS FOR MODULEsIS)
FORMAT (1H0432H FINAL OUTPUT STREAMS FOR MODULEsIS)

FORMAT (1H0412H ERROR IN SN)
FORMAT (1H0,5F15.5)

FORMAT (1HO0.17H END OF EXECUTION/1H1)

END

84
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Subroutine STREAM (S)

The subroutine is for Tocating information in the system SN matrix which

stores information that is transferred between unit computations.
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SUBROUTINE STREAM (S)

COMMON /AA/ EEN(175)9EN(25) «KPRNT(10) 91 1LST(20) «NPOINT(20+2)
COMMON /BB/ NS(25) sST(4¢10)9SN(17910)9S0(4410)

COMMON /CC/ T111ISsISPe JJel OOPsMSNeNCeNCALC

COMMON /DD/ NCOUNTsNEsNINsNOCOMP s NOUT s NSR

DO "1 Is=leIT1
KLK=1IS

IF (ABg(SN(TSs1)=ABS(S))=4010) 341,41
CONTINE

I1S=KLK+1

IF (S) 38392
CONTINUE

WRITE (6+6) S

IF (KPRNTI(5)) 54544
WRITE (6+7) 1S
CONTINUE

RETURN

FORMAT (1HO0415H ERRORes«STREAMsF3.0417H NOT IN SN MATRIX)
FORMAT (1H0.42H STREAM NUMBER OF STREAM BEING SEARCHED = ,13)
END
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Subroutine DISKIO (IPNT, MM)

The subroutine transfers the appropriate part of the GEMCS data set
used by each unit computation between the temporary vector, EN, and the main

storage vector, EEN, during the simulation.



C
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SUBROUTINE DISKIO (IPNT,MM)

Cea###THIS SUBROUTINE SIMULATES DISKIO ON360/30

C

C#u#asIF IPNT=1l. READS FROM MODULE SETS TABLE
Ces#san]F IPN=2. WRITES ONTO MODULE SETS TABLE

g

O

OO

COMMON /AA/ EEN(175) ¢EN(25) sKPRNT(10) 91 | ST(20) «NPOINT (20+2)
COMMON /BB/ NS(25) 9ST(4410)9SN(17+10)950(4410)

COMMON /CC/ I11415+1SPsJJselLOOPsMgN4NCsNCALC

COMMON /DD/ NCOUNTsNEsNINsNOCOMPsNOUT9sNSR

MQ=NPOTNT (MMs 1)
ML=NPOTNT (MMs2)
IF (IPNT=1) 34143
DO 2 I=1sML
EN(I)=FEN(MQ+1)
CONTINQIE

GO=TO-F

IF (IPNT=2) 64446
DO 5 I=1.ML
EEN(MQ+T)=EN(I)
CONTINUE

GO 70 7

WRITE (6+8) IPNTeMM
CONTINUE

RETURN

FORMAT (1H0422H DISKIO ERROR=IPNTsMM=9T591Xs1I5)
END
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Subroutine DLOADI

The subroutine transfers data into the appropriate storage locations
pertaining to the GEMCS subsystem in the system common data pool. This is
done in a straightforward manner using a consistent data format of 5F12.5.
Attention is directed to the 1imits on the various "DO LOOPS" which should
correspond to the length of the vectors, EN, SI, SN and SO, as specified in
the system "COMMON". It is possible by the correct setting of values of
elements in the vector, KPRNT, to cause an "echo check" of the data as they
are entered from cards, and to control the printout of simulation data on the

conditions in the information flow during the run.
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SUBROUTINE DLOADI1

COMMON /AA/ EEN(175) ¢EN(25) sKPRNT(10) o1 L. ST(20) «NPOINT (2042)
COMMON /BB/ NS(25)9ST(4410)9SN(17+10)9S50(4510)

COMMON /CC/ TI1T14ISeISPs JJel OOPsMSNeNCeNCALC

COMMON /DD/ NCOUNTsNEsNINeNOCOMPsNOUTsNSR

C

DIMENSTON AKPRNT(10) e

C

ALLST(20)y ANS(25)s TITL1(18)s TITL2(18)

Cuu#ut AKPRNT - DIMENSTON SAME AS KPRNT
Cuutesr# ALLST - DIMENSION SAME AS LLST
Ciiert ANS = NDIMENSION SAME AS NS

c

CHr3tdednds ==
C
CrusutcPRNT (1) =1
C
CauturKPRNT (1) =0
CH##u#KPRNT () =1
CHu##rKPRNT (2) =0
CH##uaKPRNT (3) =1
Co##usKPRNT (3) =0
CrasadcPRNT (4) =1
CHusnsKPRNT (4) =1
CH##udKPRNT (4) =1
Cu#n#KPRNT (4) =1
c
CH###IKPRNT (4) =0
Cousa#KPRNT (5) =1
Cau#ndKPRNT (5) =0
CaunusKPRNT (6) =0
c
CrusurKPRNT (6) =2
CHru#u#KPRNT (7) =1
C

CHuHRFKPRNT (7)=0

PRINTING CONTROL CHARACTERS . ==

CAUSES PRINTING OF TOT«. NO. OF MODULESS
ORDFR LISTs AND STREAM CODESs
SUPPRESSES ABOyE PRINTING

CAUSES PRINTING OF INITIAL STREAMS
SUPPRESSES ABOVE PRINTING

CAUSES PRINTING OF MODIILES SETS
SUPPRESSES ABOVE PRINTTNG

CAUSES PRINTING OF SN TABLF ON ENTERING LOOP

CAUSES pRINTING OF EN VECTOR FOR SpPECIFIED MODULE SET
CAUSES PRINTING OF sI MATRIX FOR SPECIFIED MODULE SET
CAUSES PRINTING OF STRFAM NIIMBERS ENTERING AND LEAVING
SPECIFIED MODULES (RE - PIFCE OF EQUIPMENT)
SUPPRESSES ABOVE PRINTTING

CAUSES PRINTING OF NCO!INT AND 1S

SUPPRESSES ABOVE PRINTING

CAUSES PRINTING OF ALL OUTPUT FOR PRODUCT STREAMS

AND FINAL OUTPUT STREAMS

SUPPRESSES ABOVE PRINTING

CAUSES PRINTING OF = END OF EXECUTION - ¢ AND

AND OTHER PRINTING FROM USFR-SUPPLIED MODULES
SUPPRESSES ABOVE PRINTTING

CA|_CULATION

Cu###x#NOTE THAT THE (ITMIT ON THIS DO STATEMENT MUST CORRESPOND TO THE
Ca##a# ENGTH oF THE EN VECTOR

C
DO 1. I=1+25
EN(I)=0.

1 CONTINVE

C

C | e~ecccceca==-

C | mw—e=-

(i

Caxaa#NOTE THAT THE | IMIT ON THIS DO STATEMENT MUST CORRESPOND TO THE
CuusaiDIMENSTONS OF THE SI AND SO MATRICFS

&

DO 3 I=1,10

DO 2 J=1+4
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SI(JsI)=0.
SO(JeI)=0.
CONTINIE

0.3 ¥TK=1eI¥]
SN(IKeT)=04

OO0 W n

READ (5+34) TIT; 1

PRINT 34¢ TTITLI1

READ (5,34) TITLZ2

PRINT 34, TITL2

READ (5+40) AKPRNT

DO 4 T=1+10

KPRNT (1) =AKPRNT (1)
4 CONTINUE
<
Cau#auREAD NIIMBER OF MODULES IN CALCULATTON ORDER»
CH#seieseet AND NUMBER OF COMPONENTS
C#¥#dts (FOR ITEFRATTVE CALCULATIONS WITH LOOP GREATER THAN 1,
Cise##NCALC TS READ IN WITH A NEGATIVE STGN)

C
READ (5+40) ANCALCsANOCOM
NCALC=ANCALC
NOCOMP=ANOCOM
IF (KPRNT(1)=1) 64546
5 WRITE (6+36) NCALCsNOCOMP
6 CONTINUE
IF (=NCALC) 8e747
7 NCALC=-NCALC
LOOP=1
GO TO ©
8 LLOOP=999
C
Caauu##READ CALCULATION ORDER
€
9 READ (S5+440) (ALLST(I)sI=14NCALC)
DO 10 1=1NCALC
PEST(I)Y=ALLST (1)
10 CONTINUE 5
IF (KPRNT(1)=1) 12911912
11 WRITE (6937) (LLST(I)sI=1+sNCALC)
12 CONTINUE
51

Ciuu#READ STREAM CODES
CaeetMSN IS THE MAXIMUM STREAM NUMBER = IF NFGATIVE. QUTPUT STREAMS
Cuu#istyILL BF PRINTED DURING EXECUTION

C
READ (S5+40) AMSN
MSN=AMgN
IF (=MgN) 14413413
13 MSN==MgN
IsP=1

14 IF (KPRNT(1)=1) 16415416
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15 WRITE (6+38) MSN

16 READ (S+40) (ANS(I)s+I=14MSN)
DO 17 71=1e+MSN
NS (T)=ANS(T)

17 CONTINUE
IF (KPRNT(1)=1) 19418419
18 WRITE (6937) (NS(I)sI=14MSN)
19 JJ=NOCOMP +5
READ (5440) ANSR
NSR=ANSR
IF (KPRNT(2)=1) 21920921
20 WRITE (6+39) NSR
Z] DO 24 T1=1sNSR

READ (5440) (SN(IsJ)eJd=1l9JJ)
IF (KPRNT(2)=1) 23,22+23

2 WRITE (6941) (SN(IeJ)ed=1eJJ)
23 CONTINyE

24 CONTINQE

C

C##u%READ MODULE SETS
CuusxsNOE IS THE NUMBER OF MODULE SETS Tno BE READ

C
READ (5+440) ANOF
NOE=ANOE
IF (KPRNT(3)=1) 26425426
25 WRITE (6+¢42) NOF
26 DO 30 T1=1sNOE
C
C ------------------------------------------------------------------
T3l s 1) o ey
€

Ce#wusNOTE THAT THE | TMIT ON THIS DO STATEMENT MUST CORRESPOND To THE
C#u#enu ENGTH oF THE EN VECTOR

G
Do 27 . TZ=1+25
EN(IZ)=0.
27 CONTINUE
C
R o o s e o o ol s o s e el s i o M S L o 5 0 o e o e o o
C -----
C

READ (5440) (EN(N) eN=1+5)
NN=EN (3)
NCOUNT=NCOUNT +NN
READ (S5440) (EN(N) ¢N=64NN)
IF (KPRNT(3)=1) 29,28,429
28 WRITE (6941) (EN(N) esN=1sNN)
29 MM=EN(1)+.001
NPOINT(MMollzNCOUNT-NN
NPOTINT (MM 2)=NN
CALL DTSKIO (2eMM)
30 CONTINUE
IF (KPRNT(5)«GT«0) GO TO 31
0RO 33
31 DO 32 T1=1+NOE



32
33

34
35
36

37

39
40
41
42

WRITE

(6¢35)

CONTINUE
CONTINIIE

RETURN

FORMAT
FORMAT
FORMAT
1 ORDER
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(18BA4)
(215)

(1H0415412H MODYLE SETSsI5,11H COMPONENTS//25H

LIST=)
(1X9101I5)
(1HO s I5423H
(1H0+I5426H
(SF12.9) .
(1Xe5F12.3)
(1H0 4 I5422H

(NPOINT(IeJ)eJ=1e2)

STREAM CODES ARF READ=)
INITIAL STREAMS ARE READ=-)

MODULE SETS ARE READ=-)

93

CALCyLATION
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Subroutine FIND (XVAL, MCODE, JQ, JATT, KCOL, NSET)

The subroutine locates in File JQ of NSET a column, KCOL, which has
an attribute value in JATT related to XVAL according to the code MCODE. KCOL
is the unknown entry. Values must be specified for the first four of the
following six arguments:

(1) XVAL - A value used to locate a column in NSET containing an

attribute value having a specified relationship to XVAL.

(2) MCODE - A code specifying the relationship between XVAL and the

attribute value. The five options available are:

a) MCODE

1: maximum value greater than XVAL.

b) MCODE

2: minimum value greater than XVAL.

3: maximum value less than XVAL. -

d) MCODE = 4: minimum value less than XVAL.

(
(
(c) MCODE
(
(

e) MCODE

5: value equal to XVAL.

(3) JQ - The file containing the column to be located. JQ can be 1,
25 =xs« 5 NOQ,

(4) JATT - The row of NSET containing the attribute value to be used
in finding KCOL. A value for JATT from 1 to IM+2 must be
specified. JATT may be an attribute number, the successor row, or
the predecessor row.

(5) KCOL - A column containing the located entry, defined as a result
of the search conducted by FIND. If no column in File JQ meets
the condition specified by MCODE, KCOL is set to zero.

(6) NSET - The location of NSET.
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- SUBROUTINE FIND (XVALsMCODEsJQsJATTeKCOL sNSET)

DIMENSTON NSET(12+1)
COMMON /A/ ATRIR(10)sENQ(10) s INN(LID) 9 JCFLS(5922) sKRANK(10)
COMMON /B/ MAXNQ(IO)sMFE(lO)9MLC(10)9MLE(10)oNAME(ZO)oNCELS(5{
COMMON /C/ NQ(10)sPARAM(20+10) sQTIME(10) sSSUMA(10+5)9SUMA(10+5)
COMMON /D/ VNQ(10) E
COMMON /E/ TDeTIMeINTITsJEVNT s JMNTT ¢MFA4MSTOP ¢MX ¢MXCoeMXX4sNCLCT s NEP
COMMON /F/ NEPRMsNHIST+NOQy¢NORPT¢NOTsNPRMS4NRUNsNRUNSsNSTATSOUT
COMMON /G/ SCALFsISEEDsTNOWs TBEGs TFIN
COMMON /H/ JCLR+sMONsNDAYsNPROJINYR

C

CH###%CHANGE VALUFE TO FIXED POINT WHEN SFARCHING NSET

C
NVAL=XVAL*SCALE

k-

C####THE CO|l UMN WHICH IS THE BEST CANDIDATE 1S kBEST

c
KBEST=0

C

C##%#THE NExT COLUMN TO BE CONSIDERED Ag A CANDIDATE IS NEXTK

£
NEXTK=MFE (JQ)
IF (NEXTK) 19243

1 CALL ERROR (89eNSET)
2 KCOL=KRBEST

RETURN
8

C*****MGRNV TS +1 FOR GREATER THAN SEARCH AND -1 FOR LESS THAN SEARCH
C#####NMAMN TS +1 FOR MAXIMUM AND =1 FOR MINTMUM

C#####FOR SFARCH FOR FQUALITY THE SIGN OF MGRNV AND NMAMN ARE NOT USED
C

3 GO TO (4959697+4)9 MCODE
4 MGRNV=1
- NMAMN=)
GO TO 8
5 MGRNV=1
NMAMN==-1
60 TO 8
6 MGRNY=-1
NMAMN=1
GO TO B
i MGRNV=-1
NMAMN=-]
8 IF (MGRNV# (NSET(JATTsNEXTK)=NVAL)) 14,9.10
(e

CHu#a#WHEN EQUALITY IS OBTAINED TEST FOR MCODE=5s THE SEARCH FOR A
Cr###%SPECIFTED VALUE

C

9 IF (MCODE=5) 14,15,14

10 IF (MCODE=5) 11414411

11 IF (KBFST) 1s13,12

12 TF (NMAMN# (NSET (JATTeNEXTK) =NSET (JATTsKBEST))) 144144513
13 KBEST=NEXTK

14 NEXTK=NSET (MX s NEXTK)

IF (NEXTK=7777) B8+2+2
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Subroutine ERROR (J, NSET)

The subroutine causes the printing of the error code J, NSET and File
1 (event-file). It then calls the subroutines SUMRY and EXIT to terminate

the run. The error codes are as follows:

Error Code Subprogram in which Error Occurred
84 PRODQ
85 SUMQ
87 FILEM
88 SET
89 FIND
90 COLCT
91 TMST
93 GASP
94 PRNTQ
95 | DATAN
97 RMOVE
98 SUMRY

99 MONTR
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SUBROUTINE FRROR (JsNSET)

DIMENSTON NSET(1241)

COMMON A,/ ATRIB(10)+ENQ(10) sINN(10) ¢JCFLS(5422) sKRANK (10)
COMMON /B/ MAXNQ(10) ¢MFE(10) sMLC(10) ¢MLE(10) «NAME (20) yNCELS (5)
COMMON /C/ NQ(10) sPARAM(20910) sQTIME(10) sSSUMA(1095) sSUMA(10+5)
COMMON /D/ VNQ(10)

COMMON /E/ TDeIMesINITeJEVYNT 9 JMNTToMFAIMSTOPsMXeMXCoeMXXeNCLCToNEP
COMMON /F/ NEPRMsNHTISTsNOQsNORPTeNOT s NPRMS s NRUNsNRUNSsNSTAT«OUT
COMMON /G/ SCALEsISEFEDeTNOWs TBEGSTFIN

COMMON /H/ JCLReMONeNDAYsNPROJSNYR

PRINT 3¢ J
JEVNT=101
¢
C####%PRINT FILING ARRAY NSET
p £
CALL MONTR (NSET)
PRINT 4
c
CHu###PRINT NEXT EVENT FILE
(5
CALL PRNTQ (1sNSET)
G
CH###%PRINT SUMMARY REPORT UP TO PRESENT
C
CALL SUIMRY (NSET)
IF (JEyNT=101) 1421
1 RETURN
2 CALL SEXTT
C
C
3 FORMAT (///36Xe16HERROR EXITs TYPE«I3s7H ERROR,)
[ FORMAT (1H1+441Xe¢16HSCHEDULED EVENTS//)

END



Other Subprograms

Name
FILEM (JQ, NSET)

CHECK (KCOL, JQ, NSET)

RMOVE (KCOL, JQ, NSET)

MONTR (NSET)

DRAND (ISEED)

UNFRM (A, B)

RNORM (J)
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Function

Stores the vector ATRIB in File JQ of NSET.

Checks and copies column KCOL from File JQ of
NSET and stores it in the vector ATRIB. Values
of KCOL and JQ must be specified.

Removes column KCOL from File JQ of NSET and stores
it in the vector ATRIB. Values of KCOL and JQ

must be specified.

\

Enables a programmer to print NSET at any time
during a simulation or to trace the events during

a portion of a simulation.

Generates a random number, DRAND. The computer
system's random number routine provided here,
RANF(X), is in the library of the CDC 6400 at
McMaster. ISEED is the random number generator

seed.

Generates a random deviate from a uniform distri-

bution between A and B.

Generates a random deviate from a normal distri-

bution with parameters PARAM (J, I).



Name

RLOGN (J)

ERLNG (J)

NPOSN (J, NPSSN)

SUMQ (JATT, JQ, NSET)

PRODQ (JATT, JQ, NSET)

AMIN (ARG1, ARG2)

AMAX (ARG1, ARG2)

XMAX (IARG1, IARG2)

COLCT (X, N, NSET)
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Function

Generates a random deviate from a lognormal dis-

tribution with parameters PARAM (J, I).

Generates a random deviate from an Erlang distri-

bution with parameters in PARAM (J, I).

Generates a random deviate from a Poisson distri-

bution with parameters PARAM (J, I).

Calculates the sum of the values of the attributes

stored in row JATT of File JQ.

Calculates the product of the values of the

attributes stored in row JATT of File JQ.
Sets AMIN to the minimum of ARG1 and ARG2.
Sets AMAX to the maximum of ARG1 and ARG2.
Sets XMAX to the maximum of IARG1 and IARG2.

Sets Xi = X and collects:

in in SUMA (N, 1)
1’

zxf in SUMA (N, 2)
:

Number of observations of type N in SUMA (N, 3):

min(Xi) in SUMA (N, 4)
1'

max(Xi) in SUMA (N, 5)
i
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Name Function

TMST (X, T, N, NSET) Sets X; = X, computes the time since the last
change in variable N, TTi’ and collects:

ZTTi in SSUMA (N, 1)
i

in " TTi in SSUMA (N, 2)
i

zxf * TT, in SSUMA (N, 3)
i

min (X;) in SSUMA (N, 4)
1

max (Xi) in SSUMA (N, 5)
i

\

HISTO (X1, A, W, N) X1 is a value to be used to form histogram N. A

is the Tower 1imit. W is the cell width.

PRNTQ (JQ, NSET) Prints average, standard deviation, maximum number

of entries and contents of File JQ.
SUMRY (NSET) Prints a final GASP summary report.

OTPUT (NSET) User-supplied subroutine to provide additional

output at the end of a simulation run.

EVNTS (I, NSET) User-supplied subroutine provided to call the

subroutine defining event I.

MODULE (NT, NSET) User-supplied subroutine provided to call the sub-

routine defining unit computation NT.
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SUBROUTINE FILEM (JQeNSET)
DIMENSTON NSET(12«1)
COMMON /A/ ATRIB(10)+ENQ(10)+INN(10) ¢JCFLS(5+22)sKRANK(10)
COMMON /B/ MAXNQ(10) sMFE(10) sMLC(10)sMLF(10) ¢sNAME (20) sNCELS(5S)
COMMON /C/ NQ(10) sPARAM(20410) sQTIME(L10) sSSUMA(10+5) sSUMA(1045)
COMMON /D/ VNQ(10)
COMMON /E/ TDeIMeINITsJEVNT o JMNTToMFAIMSTOP sMXeMXCoaMXXeNCLCToNEP
COMMON /F/ NEPRMsNHISTsNOQsNORPTeNOT s NPRMSsNRUNsNRUNSsNSTAT$OUT
COMMON /G/ SCALESISEEDsTNOWs TBEGsTFIN
COMMON /H/ JCLReMONeNDAYsNPROJeNYR

C

Cuu#%#TEST Tn SEE IF THERE IS AN AVAILABILE ColLUMN FOR STORAGE

C
IF (MFA=ID) 24241

1 PRINT &
CALL ERROR (B74NSET)

C
Cu##u#PUT ATTRIBUTE VALUES IN FILE
C
l DO 4 I=1+1IM
DEL=.000001
IF (ATRIB(I)) 34444
L DEL==.000001
4 NSET (I MFA)=SCALE* (ATRIB(I)+DEL)
C X
C#ssen#CALL SFT TO PUT NEW ENTRY IN PROPER PLACE IN NSET
®

CALL SFT (JOsNSFET)
RETURN

oo

FORMAT (//24H OVERLAP SET GIVEN BE| OW/)
END
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SUBROUTINE CHECK (KCOLs JQsNSET)
DIMENSTON NSET(12s1)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/A/
/B/
/E/
/D/
/E/
LE/
/G/
/H/

IF (KcoL)

1 WRITE
RETURN

ATRIB(10) sENQ(10) s INN(10) 9 JCFLS(5922) sKRANK (10)

MAXNQ (10) «MFE(10) sMLC(10) oM F(10) s NAME (20) sNCELS(5)
NQ(10) sPARAM(204+10) sQTIME(10)9sSSUMA(10+5) 9SUMA(1045)
VNQ (10)

TDsIMs INTToJEVNT 9 IMNTT yMFAsMSTOP ¢MX gMXCoMXX s NCLCT o NEP
NEPRMeNHIST e NOQsNORPTsNOT s NPRMS ¢« NRUNsNRUNSoNSTAT»OUT
SCALF s ISEEDsTNOWs TBEGs TFIN

JCLR+MON+NDAY sNPROJsNYR

lels?
(644)

2 MLC (JQ)=KCOL

€

CasusupUT VAL UES oF KCoL IN ATRIB

C

DO 3 I=1ls1IM

ATRIB(T)=NSFT(I.KCoL)
ATRIB(T)=ATRIB (1) /SCALE
3 CONTINUE

RETURN

4 FORMAT

1#)
END

(1HO.% ERROR IN SUBROUTINE CHECk - COLUMN KCOL NOT IN NSET
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SUBROUTINE RMOVE (KCOLe+JQsNSET)
DIMENSTON NSET(12¢1)

COMMON
COMMON
COMMON
CoOMMON
COMMON
COMMON
COMMON
COMMON

/N
/B/
/C/
/D/
/E/
/F/
/G/
/H/

IF (KCoL)

.

o Ml

DO 3 I=1,1IM

CALL ERROR
MLC (JQ) =KCOL

ATRIB(10)sENQ(10) s INN(10) s JCFLS(5422) ¢KRANK (10)

MAXNQ (10) sMFE(10) sMLC(10) sMLE(10) sNAME (20) sNCELS (5)
NQ(10) sPARAM(20410) sQTIME(10)9SSUMA(10+5) sSUMA(1045)
VNQ (10)

TDeIMeINTT o JEVNT o JMNTT eMFASMSTOP ¢MX9MXCoMXX ¢ NCLCT o NEP
NEPRMeNHISTsNOQ¢NORPTaNOTsNPRMS s NRUNsNRUNSsNSTATsOUT
SCALEsISEEDs TNOWs TBEGs TFIN

JCLReMONsNDAY s NPROJsNYR

14152

(97 9NSET)

###u#PYT VAI UES OF KCOL IN ATTRIB

ATRIB(T)=NSFT(I,KCOL)
ATRIB(T1)=ATRIB(T)/SCALE
3 CONTINUE

C
C#####SET OUT=1 AND CALL SET TO REMOVE ENTRY FROM NSET

G
oUT=1.

CALL “SET
RETURN

END

(JQsNSET)
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SUBROUTINE MONTR (NSET)
DIMENSTON NSET(124¢1)
COMMON /A/ ATRIB(10)sENQ(10)9INN(10) 9 JCFLS(5922) s KRANK(10)
COMMON /B/ MAXNO(IO)OMFE(IU)9MLC(10)DMLE(IO)QNAME(ZO)QNCELS(S)
COMMON /C/ NQ(10) «PARAM(20910) sQTIME(10) eSSUMA(1045)9SUMA(104+5)
COMMON /D/ VNQ(10)
COMMON /E/ TDeIMeINTToJFVNT 9 IJMNITeMFAeMSTOPsMXeMXCoMXXsNCLCTsNEP
COMMON /F/ NEPRMsNHISTsNOQeNORPToNOT s NPRMSsNRUNesNRUNSINSTAT«OUT
COMMON /G/ SCA| E+sISEEDsTNOWsTBEGeTFIN
COMMON /H/ JCLR+MON+NDAYsNPROJsNYR

C

Cu#esttIF JEUNT «GFe 1019s PRINT NSET

i
IF (JEYNT=101) 3+143

1 PRINT 9+ TNOW
DOy 2 I=]s1D
PRINT 10e¢ Ie(NSFT(JsI)eJ=1eMXX)

2 CONTINUE

RETURN
3 IF (MFF(1)) 54844
C

CH#####TF JMNTT = 1+PRINT TNOQsCURRENT EVENT CODEs AND ALL ATTRIBUTES OF
Crusu#THE NEXT EVENT

C
4 IF (UMNIT=1) 74645
5 PRINT 11
GALL EXETL
6 MMFE=MFE (1)
PRINT 12¢ TNOWsATRIB(2) ¢« (NSET(I+MMFE) 9T=19MXX)
T RETURN
8 PRINT 13s TNOW
GO TO0 -7
C
£
=} FORMAT (1H1,10Xx31H#**¥GASP JOB STORAGE ARFA DUMP ATsF10e44+2Xe12HTIME
1 UNITS#%//)
10 FORMAT (12110)
11 FORMAT (///36Xe26H ERROR EXITsTYPE 99 FRROR.)
12 FORMAT (/10X 9s23HCURRENT EVENT ecee e TIME =9FB.,295SXe THEVENT =9eF7.29/1C

1X917HNFXT EVENT....;..’(éIB))
13 FORMAT (10X+19H FILE 1 IS EMPTY AT.F10,2)
END



- FUNCTION DRAND (ISEED)
IF (ISFED) 19243
X==ISEFD
DRAND=RANF (x)
ISEED=0

RETURN

X=1SEED
DRAND=RANF (X)
RETURN

X=1SEED
DRAND=RANF (X)
ISEED=0

RETURN

END
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FUNCTION UNFRM (A+B)

COMMON /G/ SCALEsISEEDsTNOWs TBEGsTFIN
CHe##%THIS CARD IS TO MAINTAIN THE PROPER SEQUENCING

UNFRM=A+ (B=A) #DRAND (ISEED)

RETURN

END



£ W N =
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FUNCTION RNORM (J) -2
COMMON /C/ NQ(10) +PARAM(20410) sQTIME (10) sSSUMA (10+5) s SUMA (10+5)
COMMON /G/ SCALFsISEEDsTNOWs TBEGsTFIN

RA=DRAND (ISFED)

RB=DRAND (ISEED)

V=(=2,0#ALOG (RA) ) ##0 ,5%C0S (6,283 %RR)
RNORM=V/#PARAM ( Je4) +PARAM (Js 1)

IF (RNORM=PARAM (J+2)) 14243

RNORM=PARAM (J,2)

RETURN

IF (RNORM=PARAM(Js3)) 2424

RNORM=PARAM (Js3)

RETURN

END
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FUNCTION RLOGN (J)
G
Ci##n#THE PARAMETFRS USED WITH RLOGN ARE THE MEAN AND STANDARD DEVIATION
CHs##%0OF A NORMAL DISTRIBUTION
C
VA=RNORM (J)
RLOGN=FXP (VA)
RETURN
END



~Nouf

OO
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FUNCTION ERLNG (J)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/A/
/B/
ZC/
/D/
SEZ
ZF./
/G/
/H/

ATRIB(10) ENQ(10) s INN(10) o JCFLS (5422) sKRANK (10)
MAXNQ(10) sMFE(10) sMLC(10) sML.F(10) sNAME (20) sNCELS (5)
NQ(10) sPARAM(20410) 9QTIME(10) sSSUMA(1095) sSUMA(10+5)
VNQ(10)

TDsIMeINITo JEVNT o JMNTToMFASMSTOP e MX e MXCoMXXeNCLCT s NEP
NEPRMasNHIST sNOQsNORPToNOT s NPRMS s NRUNsNRUNSeNSTAT s OUT
SCALFISFEDsTNOWeTBEGeTFIN

JCLRsMONsNDAY sNPROJSNYR

K=pARAM (Je &)

If K=Y

PRINT 84 J
CALL EXIT

R=1

Do 3" 1=

1+K

14242

R=R*DRAND (1SEED)
CONTINIIE
ERLNG==PARAM(Js1)*ALOG(R)
IF (ERI NG=PARAM (Je+2)) 44546
ERLNG=PARAM (J42)

RETURN

IF (ER| NG-PARAM(J93)) 54547
ERLNG=PARAM (Js3)

RETURN

FORMAT
END

(/16HK = 0 FOR ERLNGsI7)



SUBROUT
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
NPSSN=0

INE
/A/
/B/
S C/
/D/
/E/
I BL
/G/
/H/

111

NPOSN (J«NPSSN)
ATRIR(10)sENQ(10)sINN(1n) o JCFLS(5922) s KRANK (10)

MAXNQ (10) sMFE(10) sMLC(10) oML F(10) sNAME (20) ¢+NCELS(5)
NQ(10) sPARAM(20410) sQTIME(L10) sSSUMA(1045) sSUMA(1045)
VNQ(10)
TDsIMeINIToJEVNT ¢ JMNTT eMFASMSTOP sMXeMXCoMXXoaNCLCTsNEP
NEPRMsNHISTsNOQsNORPTeNOT e« NPRMS s NRUNsNRUNSoNSTAT s OUT
SCALFsISFEDsTNOWs TBEGs TFIN

JCLReMONeNDAY s NPROJSNYR

P=PARAM(Js1)

IF (P=6
Y=EXP (=
X=1.0

.0)
P)

lele4

X=X#DRAND (ISEED)
) S5¢34¢3
NPSSN=NPSSN+1

IF (XeY

GO 70 ?

TEMP=PARAM (Js4)

PARAM (.)s4)=(PARAM(Jq1) ) ##%*,5
NPSSN=RNORM (J)

PARAM( )s4)=TEMP

TFESINRS

SN)

49545

KK=PARAM (Je?)
KKK=PARAM(J«3)
NPSSN=KK+NPSSN

IF (NPSSN=KKK) 79796
NPSSN=pARAM (J+3)

RETURN
END



N H W=

142

FUNCTION SUMQ (JATT+JQeNSET)
DIMENSTON NSET(12s+1)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
SUMO=0

IF (JQ=NOQ)

/A/
/B/
/C/
/D/
LEL
/F/
/G/
/H/

CALL ERROR
IF (NQ(JQ)) 3+344

RETURN

ATRIB(10) sENQ(10) s INN(10) s JCFLS(5922) s KRANK (10)
MAXNQ(10) sMFE(10) sMLC(10) oM F(10)sNAME (20) sNCELS(5)
NQ(L10) sPARAM(204+10) sQTIME(10) sSSUMA(10+5) sSUMA(10+5)
VNQ (10)

TDeIMes INTT o JEVNT 9 IMNTT 9MFASMSTOP ¢MX yMXCoMXX ¢ NCLCT ¢ NEP
NEPRMeNHIST ¢+ NOQsNORPTsNOT s NPRMS ¢« NRUNsNRUNS s NSTAT s OUT
SCALESISEEDsTNOWs TBEGs TFIN

JCLReMONsNDAY s NPROJ9NYR

29241
(B5+NSET)

MTEM=MFE (JQ)

VSET=NSET (JATTsMTEM)
SUMQ=S1IMQ+VSET/SCALE

IF (NSFT(MXeMTEM)=T7T777) 64796
MTEM=NSET (MXsMTFM)

GO TO 5

RETURN
END
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FUNCTION PRODQ (JATTsJQsNSFT)
DIMENSTON NSET(12s1)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/AN/
/B/
LCY
/D/
LB/
AF 7/
/G/
/H/

PRODQ=] «

IF (JO=-NOQ)

CALL ERROR

IF (NQ(JQ))

PRODQ=0.

RETURN

ATRIB(10)sENQ(10) s INN(10) s JCFLS(5+22) sKRANK (10)
MAXNO(10) sMFE(10) sMLC(10) sMLFE(10) sNAME (20) sNCELS (5)
NQ(10) sPARAM(20+10) sQTIME(10) sSSUMA(10+5) sSUMA(104+5)
VNQ(10)
TDsIMsINTIToJEVNT s JMNTT o MFAsMSTOP s MXgMXCoMXX9NCLCT o NEP
NEPRMsNHIST sNOQsNORPTeNOT s NPRMS ¢ NRUN e NRUNSeNSTAT S OUT
SCALEsISFEDsTNOWs TBEGSs TFIN

JCLReMONsNDAY sNPROJONYR

2¢241
(84 4NSET)
3934

MTEM=MFE (JQ)
VSET=NSET(JATTsMTEM)
PRODQ=pPRODQ*VSET/SCALE

IF (NSFT(MXeMTEM)=T777) 64746
MTEM=NcET (Mx «MTEM)

GO TO0 §

RETURN
END









FUNCTION XMAX (TARGLsIARG2)
IF (IARG1-T1ARG2) 24241
XMAX=TARG1

RETURN

XMAX=TARG?

RETURN

END
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SURROUTINE COLCT (XeNeNSET)
DIMENSTON NSET(12+1)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMQON
IF (N)

RETURN
END

/A/
/B/
i e
/D/
LEYL
/F/
/G/
/H/

ATRIR(IO)OENQ(IO)9INN(10)9JCFLS(5922)!KRANK(10)

MAXNO (10) sMFE(10) sMLC(10) ¢MLF (10) yNAME (20) oNCELS(5)
NQ(10) sPARAM (20910) sQTIME (10) sSSUMA(10+5) sSUMA(1095)
YNQ (10)

IDs IMs INTToJEVNT o UMNTIToMFA9IMSTOP sMX g MXCoaMXX 9o NCLCT 9o NEP
NEPRMsNHIST sNOQsNORPT oNOT s NPRMS s NRUN s NRUNSsNSTAT 9 OUT
SCALEsISFEDs TNOWs TBEGs TFIN

JCLReMONsNDAY sNPROJINYR

lels?
CALL ERROR
IF (N=NCLCT) 343s1
SUMA(Ns]1)=SUMA(Ne])+X

SUMA (Ne2)=SIIMA(Ns2) +X*X
SUMA (Ns3)=SUMA(Ne3)+1.0
SUMA (Ne4)=AMIN(SUMA (Ne4) ¢ X)
SUMA (N+5)=AMAX (SUMA (N+5) 9 X)

(90 4NSET)



W N -

SUBROUTINE TMST (XeTsNeNSET)
DIMENSTON NSET(12+1)
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COMMON
COMMON
COMMON
COMMON

. COMMON

COMMON
COMMON
CoMMon
IF (N)

/A/
/B/
.G
/D/
LES
/F/
/G/
/H/

ATRIB(10)sENQ(10) o INN(10) s JCFLS(5422) ¢sKRANK(10)
MAXNO(IO)9MFE(10)9MLC(10)OMLE(IO)9NAME(20)1NCELS(5)
NQ(10) sPARAM(20410) sQTIME(10)sSSUMA(10+5) ¢SUMA(10+5)
VNQ(10)

TDs IMsINTToJFVNT s JMNTToMFAsMSTOP e MX e MXCoMXX s NCLCT oNEP
NEPRMeNHIST sNOQeNORPTeNOT s NPRMS s NRUN s NRUNS eNSTAT s OUT
SCALESsISFEDs TNOWs TBEGs TFIN

JCLRsMoNsNDAYsNPROJINYR

191427
CALL ERROR
IF (N=NSTAT) 3431

(91 4NSET)

TT=T=-SSUMA(Ns1)

SSUMA (Ne1)=SSUMA(Ns1)+TT
SSUMA (Ne2) =SSUMA (Ne2) +X#TT
SSUMA (Ne3)=SSUMA (Ne3) +X3#X*TT
SSUMA (Ns4) =AMIN(SSUMA (N+4) ¢ X)
SSUMA (N+5)=AMAX (SSUMA (N+5) ¢ X)
RETURN

END
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SUBROUTINE HISTO (X1sAeWseN)

COMMON /A/ ATRIB(10) «ENQ(10)sINN(10) ¢ JCFLS(5+22) sKRANK (10)
COMMON /B/ MAXNQ(10) ¢sMFE(10) sMLC(10)sMI F(10) «NAME (20) ¢NCELS(5)
COMMON /C/ NQ(10) sPARAM(20+10) sQTIME(10) sSSUMA(1095) sSUMA(1095)
COMMON /D/ VYNQ(10)

COMMON /E/ TDeIMesINIToJEVNT o JMNTToMFAIMSTOPsMXeMXCosMXX9NCLCTsNEP
COMMON /F/ NEPRMsNHISTsNOQsNORPTeNOTsNPRMS«NRUNsNRUNSsNSTAT«OUT
COMMON /G/ SCALFsISFEDsTNOWsTBEGsTFIN

COMMON /H/ JCLReMONsNDAYsNPROJINYR

1 IF (N=NHIST) 34342
2 PRINT 9+ N
CALL ExIT
3 IF (N) 29294
c

Ce##u#TRANSLATE X1 BY SUBTRACTING A IF X.LE.p THEN ADD 1 TO FIRST CELL
G

+ X=X1=A

IF (X) 59646
5 IC=1

Go To 8
C

Ca###%#DETERMTNE CFLL NUMBER ICe. ADD 1 FOR LOWER LIMIT CELL AND 1 FOR
Ce3ta3 TRUNCATION

G
6 IC=X/W+2.
IF (IC-NCELS(N)=1) 84847
T IC=NCEI S(N) +2
8 JCELS (N4 IC)=JCELS(N,IC) +1
RETURN
C
¢
9 FORMAT (19H ERROR IN HISTOGRAMs14//)

END
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SUBRQUTINE PRNTQ (JQeNSET)
DIMENSTON NSET(1241)
COMMON /A/ ATRIR(10)sENQ(10) sINN(10) «JCFELS(5422) yKRANK (10)
COMMON /B/ MAXNO(10) sMFE(10) sMLC(10) o+MLE(10) sNAME (20) +NCELS (5)
COMMON /C/ NQ(10) sPARAM(204+10) sQTIME(10) 9SSUMA(10+5) sSUMA(10+5)
COMMON /D/ VNQ(10)
COMMON /E/ TDsIMsINITeJFVNT s JMNTITesMFAIMSTOPeMXeMXCosMXXeNCLCTsNEP
COMMON /F/ NEPRMsNHISTsNOQsNORPToNOT s NPRMS ¢ NRUNsNRUNSsNSTATSOUT
COMMON /G/ SCA| F+sISEEDsTNOWsTBEGsTFIN
CoMMoN /H/ JCLReMONeNDAYsNpPROJsNYR
PRINT 11, JQ
IF (TNOW=TBFG) 14142

1 PRINT o
GO TO 4

¢
Cu####COMPUTF EXPFCT NOe. IN FILE JQ UP Tn PRESENT THIS MAY BE USEFUL
Cu##sa#IN SETTING THE VALUE OF 1ID
€
2 XNQ=NQ (JQ)
X=(ENQ (JQ) +XNQ#* (TNOW=QT IME (JQ) ) )/ (TNOW-TBEG)
DENOM = (TNOW = TBEG) = XxX¥#X
IF (DENOM +1.Te 000000001 .AND. DENOM ,GT. -0.00000001) GO TO 16
STD=( (VYNQ (JQ) +XNQ#XNQ* (TNOW=QTIME (JQ)) )/ (TNOW=-TBEG) =X¥*X)
IF . (STD wlT,: 0.0} PRINT +19% STD
IF (SThp LT, 0.0) SThums= . STD
STD = STD##0,5
PRINT 159 XeSTDeMAXNQ (JQ)
GO T0“ X7
16 CONTINUE
PRINT 18s¢ XsMAXNQ(JQ)
! g CONTINUE
C
Ci##3#2#PRINT FILE TN PROPER ORDER REQUIRES TRACING THROUGH THE POINTERS
C#unxiQF THE FILE
C
LINE=MFE (UQ)
IF AL INE=1): 3655
PRINT 13
RETURN
PRINT 12
DO 7 I=1+1IM
ATRIB(T)=NSFT(I+LINFE)
ATRIR(T)=ATRIB(T1)/SCALE
y ¢ CONTINUE
PRINT 14s¢ (ATRIB(I)eI=141IM)
LINE=NSET (MxsLINE)
IF (LINE=T7777) 64448

o AR08 N OV

8 PRINT 10

CALE EXIT
C
9 FORMAT (/35Xe25H NO PRINTOUT TNOW = TBFG //)
10 FORMAT (///36X+26HERROR EXITs TYPE 94 ERROR.)
11 FORMAT (//39Xe25H FILE PRINTOUTe FTLE NOesI3)
12 FORMAT (/45xe14H FILE CONTENTS/)

13 FORMAT (/43x918HTHE FILE IS EMPTY)



14
5

18

19

FORMAT
FORMAT
1918X9F
FORMAT
1#STD.
FORMAT
END

(30X+8F1044)
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(/35X+27THAVERAGE NUMBER TN FILE WASsF1l0444/35Xe9HSTD.

1049 /35Xe THMAXIMIUM 24X 9 14)

(/35X+s27HAVERAGE NUMBER TN FILE WASeF10.4+/35X,

NEVe 1S INFINITELY LARGE#¢/35Xs THMAXTIMUM 24X T14)

(1HO4% ERROR IN sTANDARD DEVIATION

(= PRNTQ ‘=)

#4F1244)

DEV
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SUBROUTINE SUMRY (NSET)

DIMENSTON NSET(12+1)

COMMON /A/ ATRIB(10)sENQ(10) «INN(10) 9 JCFLS(5+22) sKRANK (10)
COMMON /B/ MAXNQ(10) sMFE(10) sMLC(10) oMLF (10) sNAME (20) sNCELS(5)
COMMON /C/ NQ(10) sPARAM(20+10) sQTIME(10) sSSUMA(10+5) 9sSUMA(10+5)
COMMON /D/ VNQ(10)

COMMON /E/ TDeIMsINITsJEVNT 9 IMNTITeMFAIMSTOPsMXeMXCoMXXsNCLCTsNEP
COMMON /F/ NEPRMsNHISTsNOQsNORPTsNOTsNPRMSsNRUNsNRUNSsNSTATSOUT
COMMON /G/ SCALE+ISEEDsTNOWsTBEGsTFIN

CoMMoN /H/ JCLReMONeNDAYsNpROJNYR

PRENT 19

PRINT 314 NAME

PRINT 20+ NPROJsMONsNDAYsNYRsNRUN

IF (NPRMS) 343.1

1 DO 2 I=1sNPRMS
PRINT 21ls I+ (PARAM(T9J) sJ=1sNEPRM)
g CONTINUE
3 IF (NCLCT) 449,45
s PRINT 22
CALL ExIT
5 PRINT 23
c
Cuu##2#COMPUTF AND PRINT STATISTICS GATHERED BY CLCT
5

DO 8 I=1sNC| CT
IF (SUMA(Te3)) 44647

6 PRINT 244 I
GO TO 8
7 XS=SUMA (TI+1)

XSS=SUMA(I+2)
XN=SUMA (T+3)

AVG=XS /XN
STD=( ( (XN#X5S) = (XS#XS)) /7 (XN¥* (XN=140)) ) #%,5
N=XN
PRINT 25¢ TeAVGeSTDeSUMA(Te4) sSUMA(TI®5) oN
8 CONTINUF
] IF (NSTAT) 4914410
10 PRINT 26
&
C#####COMPUTF AND PRINT STATISTICS GATHERED RY TMST
C
DO 13 1=1eNSTAT
IF (SSIUMA(Te1l)) 4411412
1:3 PRINT 24+ 1
GO ST 013
12 XT=SSUMA(T41)

XS=SSUMA(T,42)

XSS=SSIIMA(I,3)

AVG=XS/XT

STD=(XSS/XT=AVG#AVG) ## ,5

PRINT 279 T1+sAVGeSTDesSSUMA(TI94) eSSUMA(T ¢5) o XT
3 CONTINUE
14 IF (NHTIST) 4417415
15 PRINT 28
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CH#t#u#pRINT HISTOGRAMS

&

16
&

DO 16 T=1+NHIST

NCL=NCFLS(T)+2

PRINT 299 I4(JCELS(I9J)eJ=1sNCL)
CONTINYE

C#u###PRINT FILES AND FILE STATISTICS

6
74

18

C

19
20
21

2ée
23

24
25
26

el
28

29
31

DO 18 T=1sN0OQ

CALL PRNTQ (IsNSET)
CONTINUE

RETURN

FORMAT (1H1e39X423H##GASP SUMMARY REPORT#*3#/)

FORMAT (30X+22HSIMULATION PROJECT NOesT4// 9 30X s4HD
1TEsI391H/e1391H/9s15412Xe10HRUN NUMBERols/)

FORMAT (20Xe14H PARAMETER NOesIS594F12e4)

FORMAT (///36X+26HERROR EXITs TYPE 98 FRROR,)

FORMAT (//44X+18H#%*GENERATED DATA#%/27X ¢4HCODE 94X s4HMEAN6X98HSTD
IDEVeoSX94HMTINe s 7TX94HMAX ¢ 95X 94HOBS . /)

FORMAT (27X+I13410X+e18HNO VALUES RECORDED)

FORMAT (27X eI1344F11e4917)

FORMAT (/44x923H%#TIME GENERATED DATA##/27X+4HCODE 44X 94HMEAN 46X+ 8
1STDeDEV e 95X e 4HMTINe s 7TX94HMAX s 93Xe10HTOTAL TIME/)

FORMAT (27X¢I345F11.4)

FORMAT (/37X s37H**GENERATED FREQUENCY DISTRIBUTIONS##/27X9s4HCODE ¢
10Xe 1I0HHISTOGRAMS/)

FORMAT (27X+I13e5Xe1114/35Xe1114/)

FORMAT (20X4,20A4)

END
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SUBROUTINE OTPUT (NSET)
DIMENSTON NSET(12+1)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CoMMoN
RETURN
END

/A/
/B/
4C/
/D/
LE 4
-l
/G/
/H/

ATRIR(10) sENQ(10) o INN(10) 9 JCFLS(5922) sKRANK (10)

MAXNQ (10) sMFE(10) «MLC(10) eMI F(10) sNAME (20) sNCELS (5)
NQ(10) sPARAM(20410) sQTIMF(10) sSSUMA(1045) sSUMA(1045)
VNQ(10)

TDs IMeINTToJEVNT s JMNTTosMFAIMSTOP s MX e MXCoMXXeNCLCToNEP
NEPRMsNHIST eNOQeNORPTsNOT s NPRMS s NRUNeNRUNSeNSTAT«OUT
SCALFeISEEDs TNOWs TBEGs TFIN

JCLRsMONINDAY s NPROJSINYR



C

C####%¥THIS SURROUTINE SELECTS THE NEXT EVENT

C

12

13

SUBROUTINE FVNTS(I4NSET)

DIMENSTON NSET(12+1)
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COMMON /A/ ATRIR(10)9ENQ(10)9INN(10)9JCELS(5922) sKRANK(10)
COMMON /B/ MAXNQ(10) sMFE(10) sMLC(10) sMLF (10) sNAME (20) sNCELS(5)
COMMON /C/ NQ(10) sPARAM(20+10) 9QTIME(10) 9SSUMA(10+5) sSUMA(10+5)

COMMON /D/ VNQ(10)

COMMON /E/ TDeIMeINIT s JEVNT s UMNITeMFAeMSTOPsMXeMXCoMXXeNCLCTsNEP
COMMON /F/ NEPRM9NHIST9NOQ9NORPTONOTQNPRMSQNRUNsNRUNSONSTAToOUT

COMMON /G/ SCALF+ISEEDsTNOWeTBEGsTFIN
COMMON /H/ JCLR¢MONsNDAYsNPROJsNYR

GO TO (192939495969 79899910911912913914¢15916917918+19+20) 1

CONTINUE

CALL VALVO02(1)
GO To 100
CONTINUE

CALL vaLVO0Z2(2)
GO TO 100
CONTINUE

CALL vALVO02(3)
GO TO 100
CONTINLE

CALL 'VALVOZ2 (4)
GO T0 100
CONTINyYE

CALL vALVO03(1)
GO JO 100
CONTIN(E

CALL VvaLV0O3(2)
GO TO 100
CONTINUE

CALL VvVALV03(3)
GO TO 100
CONTINUE

CALL VALVO3(4)
GO TO 100
CONTINYE

CALL vALVO03(5)
GO TO 100
CONTINUE

CALL GFMCS(NSET)
GO TO 100
CONTINUE

GO TO 100
CONTINUE
CALL VALVO02(5)
GO TO 100
CONTINyYE
CALL VALV02(6)
GO TO 100
CONTINUE



100

GO TO 100
CONTINUE

GO TO 100
CONTINUE

GO TO 100
CONTINUE

Go To 100
CONTINUE

Go To 100
CONTINUE

GO TO 100
CONTINUE

GO TO 100
CONTINUIE
RETURN
END
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SUBROUTINE MODULE

(NToNSET)

DIMENSTON NSET(12¢1)

GO TO (1929394959697 9899910911912913914415916917918919420921+224+23

1924425426427928429430) 4 NT

CONTINUE

CALL VARIO1

GO TO 100
CONTINUE

CALL NODEJ

GO To 100
CONTINUE

CALL TANKOI1 (1)
GO TO 100
CONTINUE

CALL RFCDO1 (NSET)

60 TO 100

CONTINUE

CALL VLBL (NSET)
GO TO 100
CONTINUE

CALL PRGPO1 (NSET)
GO TO 100
CONTINUE

CALL TANKOZ2 (NSET)
GO TO 100
CONTINYE

CALL SCHEDO1 (NSFET)
GO TO 100
CONTINUIE

GO TO 100
CONTINUE

GO TO 100
CONTINUE

GO TO 100
CONTINUE

GO TO 100
CONTINIIE

GO TO 100
CONTINUE

GO To 100
CONTINUE

GO To 100
CONTINUE

GO To 100
CONTINUE

GO TOo 100
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. CONTINIE

GO TOo 100
CONTINUE

GO TO 100
CONT INUE

Go To 100
CONTINUE

Go To 100
CONTINIUIE

Go To 100
CONTINUE

GO To 100
CONTINUE

Go To 100
CONTINUE

GO TO 100
CONTINUE

GO TO 100
CONTINUE

GO T0Oo 100
CONTINUE

GO To 100
CONTINUE

GO To 100
CONTINUE

Go To 100
CONTINUVE
RETURN
END
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APPENDIX 2

PROGRAM LISTINGS AND DESCRIPTION OF THE MODEL IN CASE STUDY NO. 1
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Program DESS

This "main" routine is the shortest, but performs three very important
functions. First, it 1imits the number of columns available for the array
NSET to 30. Al11 the subroutines (system as well as non-system) having access
to NSET via their argument 1list are compiled with NSET dimensioned for 12
rows and 1 column. Owing to the method of storage used in the computer core-
memory involving aligning all columns of an array into one single-file vector,
the next column beginning from where the Tast ends, access to NSET by the sub-
routines is accomplished simply by passing on the starting location of the
array in the first twelve elements (of the first column) via the argument.

- Since the information pertaining to any one subroutine is relocatable in the
core, NSET can be assigned all available storage elsewhere in the core-memory
not required by other portions of the simulation program.

The next function performed in the main routine is to start off the
simulation run by calling GASP (NSET). When the simulation experiment is
completed, and if it is not terminated before control is returned to the main

routine, execution will be stopped with the command STOP 1.
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PROGRAM DESS (INPUTsOUTPUT sPUNCH s TAPES=INPUT s TAPE6=0UTPUT s TAPE 7=PUN

1CH)
&
C###a#THIS MAIN PROGRAMME DETERMINES THE NUMRFR OF COLUMNS IN NSET.
5

DIMENSTON NSET(12,30)

CALL GASP (NSET)

STOP 1

END
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Subroutine OPERAQD1

This subroutine simulates the controlling elements in the operations
of the precipitation circuit. It sets the number of "special" precipitators
and the number of "regular" precipitators using information on the present
seed charge available and information on past operating conditions. (X@ rep-
resents the amount of fine seed presently available; YD represents the amount
of coarse seed available; RSM1 represents the number of "special" precipitators
used previously; RRM1 represents the number of "regular" precipitators used
previously; XM1 is the fine seed charge available; and YMI is the coarse seed
charge available, all at the previous time instance.) The present number of

precipitators is calculated using the equations:

RSP = X@ * RSM1/XM1 ("specials")

RRP = Y@ * RRM1/YM1 ("regulars")

The above equations were chosen arbitrarily, but it shows that if the amount of
fine seed has increased, the number of "special" precipitators would be set
proportionately larger. Since "specials" tend to use up more fine seed material,
the overall effect should tend to stabilize the process. The total number of
precipitators used at any given time is arbitrarily fixed at 60. Therefore, the
values of RSP and RRP are "normalised" to add up to that number. These are then
converted into the nearest integral values and stored in the information stream

vector, SO, which allows the system to communicate between modules.
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SUBROUTINE OPERAO1

C####THIS SUBROUTINE SIMULATES THE DECISION-MAKING OPERATIONS

C

CHu#xSYSTEM COMMON CARDS

¢

COMMON /AA/ EEN(175) sEN(25) sKPRNT(10) o1 | ST(20) yNPOINT(20+2)
COMMON /BB/ NS(25) +ST(4410) eSN(17+10)950(4510)

COMMON /CC/ IIT14I5e1sPsJJelLOOP4MgN{NCyNCALC

COMMON /DD/ NCOUNT sNEsNTINsNOCOMPoNOUT s NSR

X0=S1(146)
XM1=ST(1+7)
RSM1=ST(1+8)
YO=S1(2+6)
YMI=ST(2+7)

RRM1=S7 (2+8)
RS0=x0#RSM1/xM1
RRO=Y0Q#RRM1/YM1
EN(4)=60.,0/(RS0+RR0)
RSO=RSO%*EN (4)
RRO=RRO*EN (4)
SO(1+6)=NEN=RS0+0.5
SO(1+7)=NEN=RR0+0.5
RETURN

END
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Subroutine SCHED@1 (NSET)

This subroutine creates new entries which it stores in the event-file.
Thus, the first event it scheduled occurs at time 124.0 hours. The subroutine
has been included here to illustrate the ability of the DESS executive to

internally cause any event to occur at any particular time.
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SUBROUTINE SCHEDO1 (NSET)

c

Ch##u#THIS SUBROUTINE SCHEDULES FUTURE EVENTS

(>

Ci##u%SYSTEM COMMON CARDS

C
COMMON /A/ ATRIB(10)sENQ(10)sINN(10) 9 JCELS(5922)sKRANK(10)
COMMON /G/ SCALFEsISEEDs TNOWsTBEGsTFIN

C

DIMENSTON NSET(12,1)
ATRIB(1)=TNOW+124.0
ATRIB(?2)=1.0

CALL FTLEM (14NSET)
RETURN

END
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Subroutine VARIAQT

If MODE is zero or negative, this subroutine behaves as module no. 2
on the information flow diagram (Appendix 3b) and imparts an "uncertainty" to
'the number of "special" precipitators and to the number of "regular" precipita-
tors as set in OPERAQT. The set value is taken as the mean of a normally
distributed variate; the maximum and minimum limits are set at 175% and 25%
of the mean, respectively, and the standard deviation is 25% of the mean value.
The numbers returned are samplings from the distribution. These are trans-
ferred to the output stream vector after having been "normalised" to a sum of
60.

If MODE is any positive non-zero integer, the subroutine behaves as
module no. 3 in the information flow diagram. In this case, it adds a variance
to the Tiquor flowrate Z, and the fine and coarse seed charge flowrates, X and
Y, respectively. The maximum absolute variation is set at 10% of the mean value
and the standard deviation is one-third of that. Again, values returned are

samplings from normal distributions.
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SUBROUTINE VARTAO1

C###u#THIS SUBROUTINE IMPARTS A VARIANCE TO THE STREAM VARIABLES.

C

CH#iistSYSTEM

£

COMMON
COMMON
COMMON
COMMON
COMMON

COMMON CARDS

/C/ NQ(10) sPARAM(204+10) 9QTIME(10) sSSUMA(10+5) »SUMA(10+5)
/AA/ EEN(175) sEN(25) «KPRNT(10) ¢ L.ST(20) sNPOINT (20+2)
/BB/ NS(25)s5T(4410)9SN(17410) 950(4,510)

/CC/ TI14IS9eISP9sJJsl OOPsMSNsNCsNCALC

/DD/ NCOUNTsNE sNINsNOCOMP 9 NOUT 9 NSR

MODE=FEN(16) 40,001
IF (MODE) 14142
CONTINUE
RNS=ST(1+6)
RNR=SI(1+7)
PARAM (24 1) =RNS
PARAM(242) =1+ T5%RNS
PARAM(243) =0 «25%RNS
PARAM (P e4) =0 4 25%RNS
PARAM(3e1)=RNR
PARAM(342)=1,75%#RNR
PARAM (2 +43) =0+25%RNR
PARAM(34+4)=0.25%RNR
SO(146)=yS=RNORM(1)
RNS=RNORM(2)
RNR=RNORM(3)
EN(4)=60,0/ (RNS+RNR)

SO (197)=NSS=RNS#*EN(4)+0,5
S0 (1+8)=NRR=RNR#EN (4) +0,5

GO: 703

X=sI(1.6)

Y=SI1(1.7)

Z=S1(1.8)
PARAM(4¢1) =X
PARAM (4 42)=]1e1%X
PARAM (4 43) =0e9%X
PARAM(4¢4)=0.0333%X
PARAM(541) =Y
PARAM(5¢2)=1,1%Y
PARAM(543) =0s9%Y
PARAM(S544)=0e0333%#Y
PARAM(6+41) =7
PARAM(64+2)=1e1%7
PARAM(643)=0e9%7
PARAM(64+4)=0e0333%Z
SO(1e6)=X=RNORM(4)
SO(1+7)=Y=RNORM(5)
SO0(1+8)=Z=RNORM(6)
CONTINUE

RETURN

END
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Subroutine PRECIQ1

This subroutine yields values for the variables describing average
conditions in the precipitation circuit, given values for some of the other
normally known or set variables pertaining to the system. Consider the equa-
tions relating these variables as outlined in the Simulation Study Report of

1969(2)

(1) VSEEDS * NS = X * THETAS

(2) VSEEDR * NR

Y * THETAR

(3) VFILTS * NS 4+ VFILTR * NR _ 7
THETAS THETAR

(4) VFILTS + VSEEDS = VS

(5) VFILTR + VSEEDR = VR

(6) THETAS = THETAR
(7) vsS =W
(8) NS + NR = NT

(9) Te=Q

The notation used is as follows:
X = fine seed flowrate (ft.3/hr.)
Y = coarse seed flowrate (ft.3/hr.)

Z = flowrate of filtrate from digestion circuit (ft.3/hr.)

NS = number of "special" precipitators
NR = number of "regular" precipitators
VS = total volume in a "special" precipitator (ft.3)
VR = total volume in a "regular" precipitator (ft.3)
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THETAS = residence time in "specials" (hrs.)
THETAR = residence time in "regulars" (hrs.)
VFILTS = volume of filtrate charge in "specia]sf (ft.3)
VFILTR = volume of filtrate charge in “"regulars" (ft.3)
VSEEDS = volume of seed charge in "specials" including dilution
Tiquors (ft.3)
VSEEDR = volume of seed charge in "regulars" including dilution
Tiquors (ft.3)
NT = total number of precipitators
Q = ratio of "regulars" to "specials"

With nine equations and fifteen variables, at least six variables must be known
before a complete solution can be obtained. However, not all the variables

are independent of each other. The six mutually independent variables that are
set in the model and therefore determine the values of the others are X, Y, Z,
VS, NS, and NR. (Instead of the last three chosen, it would be the same with
choosing VR, NT and Q or VR, NT and NR, etc., of course.) With six known
variables, the set of equations can then simply be solved. From equations (7),
(8) and (9), values may be obtained for Q, NR and VR, given values for X, Y, Z,
VS, NS and NR. Let,

THETAS = THETAR = @, and VR = VS = V.

From equations (1) and (3),

VSEEDS * NS _ (VFILTS * NS + VFILTR * NR)

X 7 = 0,




Substituting VSEEDS from equation (4),

Z * NS * (V-VFILTS) = X * (VFILTS * NS + VFILTR * NR)

From equations (1) and (2), eliminating 0,

VSEEDS * NS _ VSEEDR * MR _ o

X Y
Therefore,
VSEEDS _ NR , X
VSEEDR NS Y

Similarly, from equations (4) and (5),

VSEEDS _ V - VFILTS
VSEEDR  V - VFILTR

Hence, from equations (11) and (12),

V - VFILTS _ MR , X
V- VFILTR = NS ¥

« NR
NS

V - VFILTS

(V - VFILTR) é

- X . NR
VFILTS = V - § * f& * (V - VFILTR)
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Substituting VFILTS in equation (10),

Z*NS (V-V+ X N

: R * [V - VFILTR]) =

X * (NS * [V - é-* %%-* (V - VFILTR)] + NR * VFILTR)

* NR * [V - VFILTR] = X * [NS * V - é~* NR * (V - VFILTR)

+ NR * VFILTR]

Z*3x
Y

[V - VFILTR] * NR * %-* [Z+X]=X*(NS*V+NR*VFILTR)

[V - VFILTR] * NR * [X + Z] = Y * NS * V + Y * NR * VFILTR

VFILTR * NR * [X + Y + Z] = [X+ Z] * NN * V - Y * NS * V

Therefore,

VFILTR = V * [(X +Z) - Y * (

:U'm

)1/[X + Y + 2]

By symmetry, it can be shown that

VFILTS = V * [(Y+ Z) - X * (

IES

)]/[X +Y + 7]

Thus VSEEDS and VSEEDR can be computed:

VSEEDS = V - VFILTS

VSEEDR

V - VFILTR
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Also, THETAS = THETAR = 0
= ﬂ% * VSEEDS
. ﬂ% * (V - VFILTS)

To check the solution, THETAS and THETAR are computed again using,

THETAS = THETAR = MR 4 \crepm
Y
. H%—*(v - VFILTR)

In the subroutine, RT, RS, and RR are used in lieu of NT, NS and\NR,
respectively, in order to avoid integer arithmetic. X2 stores the value for the
fine-seed charge available at a future time. It is calculated using an
arbitrarily assumed equation that predicts the larger amount of fine seed that
will be available if the number of "regular" precipitators is greater than the
number of "special" precipitators used in the present operation. The amount of
coarse seed available is larger or smaller according to whether the number of
"specials" is more or less than the number of "regulars". The incremental change
in either case is determined roughly in order of magnitude by the factors FACTI]
and FACT2. The flowrate of seed charge available in the future, and which is
associated with the present production are stored in X2 and Y2, for fine and
coarse seed, respectively. RS and RR are the number of "special” and "regular"

precipitators actually used in the operations at the "present" time instance.
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SUBROUTINE PRECIO1

CH###a#THIS SUBROUTINE SOLVES THE PRECIPITATOR EQUATIONS GIVEN
CussasVALUES FOR CERTAIN VARIABLES.

C

CH##%#SYSTEM COMMON CARDS

¢

WO

COMMON /AA/ EEN(175) sEN(25) sKPRNT(10) ¢} | ST(20) yNPOINT(20+2)
COMMON /BB/ NS(25) eST(4410)9SN(17910)950(44+10)
COMMON /CC/ TI1141S91SPeJJel.OOPsMSN4NCyNCALC
COMMON /DD/~NCOUNTyNEoNIN9NOCOMP9NOUT9NSR
FACT1=FN(1l6)

FACT2=FN(17)

X=ST(1,46)

Y=ST1(1.7)

7=ST1(1.8)

VS=VR=V=ST1(2+6)

RS=SI(2+7)

RR=SI(2+8)

VFILTS=V#(Z+Y=X#RR/RS) /(X+Y+Z)

VFILTR=y#* (Z+X=Y#RS/RR)/ (X+Y+Z)

VSEEDS=V=VFILTS

VSEEDR=V=VFTLTR

THETAS=THETAR=(V=VFILTS) #RS/X

CHECK= (V=VFTLTR) *RR/Y

IF (ABS(CHECK=THETAS) .GT.0,0001) WRITE (6+2) CHECK
RT=RS+RR

RS=60.0#RS/RT

RR=60.0%#RR/RT

RT=RS+RR

Q=RR/RS

X2=X+X#FACT1%# (RR=RS) /RT

Y2=Y+Y#FACT2# (RS=RR) /RT

L1=RS+1.0E-10

L2=RR+1.0E=10

WRITE (6+43) VFILTSGFILTRyySEEDSyVSEEDR,THETAS,THETAR4RT
WRITE (694) QeVSsVReX2eY2sL 19L2

DO 1 K=64+10

SO(1+K)y=0,0

CONTINUE

50(296)=X2

SO(2+7)=Y2

SO (2+8)=RS

S0(2+9)=RR

RETURN

FORMAT (% CHECK THETAS #+sF12.4)

FORMAT (1HO04100(1H=)s//¢#* VOLe OF LIQUOR IN TYPE S REACTORS = #sF1
12e49% CUe FTe #4/4% VOL., OF LIQUOR IN TYPE R REACTORS = #4F12+4¢%
2CU. FT, #9/4% VOL. OF SEED CHARGE IN TYPE S REACTORS = #9F]12.49% C
3U. FTe #9/9% VOLe OF SEED CHARGE IN TYPE R REACTORS = #4F12.,4+% CU
4e FTe #9/9% RESIDENCE TIME IN TYPE S RFACTORS = #4F12.,49% HOURS %,
5/+% RESIDENCE TIME IN TYPE R REACTORS = #4F12,49% HOURS #4/4% TOTA
6L NUMBFR OF REACTORS = #4F5.0)

FORMAT (1H +#RATIO OF TYPE R TO TYPE S = #4F12.49/9% TOT. VOL. FIL
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1LED IN A TYPE S REACTOR = #4F12,49¢% CU, FTs #9/9% TOT. VOL. FILLED
2 IN A TYPE R REACTOR = #9F]12.49% Clle FT. *9/9% EXPECTED FINE SEED
3FLOWRATE IN FUTURE = #+F12.,49% CFM #,/4% EXPECTED COARSE SEED FLOW
4RATE IN FUTURE = #9F12.409% CFM #4/4% NUMBER OF TYPE S REACTORS USE
5D = #4739/9% NUMBER OF TYPE R REACTORS USED = #4134/9100(1H=)/)

END
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Subroutine QUEPT (NSET)

This subroutine retrieves the next entry from each of the two queues
representing the coarse and fine seed charge available to the precipitation
circuit at the "present" time. The values are equal to the flowrate of seed
charge and are ranked in the queues according to the times of production of
the seed material associated with the particular flowrate. (To explain it in

arother way, the seed that is produced at time, t, will cause a certain flow-
rate of seed charge, s, to enter the precipitation circuit at time (t +At).
Therefore, s is associated with t and is inserted into the file for all s
values and ranked according to the value of f). The flowrate value associated

- with the lowest value for time of production is withdrawn before all others.
This value is then transferred to the appropriate element of the SN vector, so
that "input stream" information is available for the next series of sequential
computation within the GEMCS framework.

When the subroutine is first called, the sixth and eighth elements in
streams 1 and 8 (refer to the information flow diagram in Appendix 3b) are stored
in variables X, XNS, Y and YNR. These values represent the fine seed flowrate,
number of "specials", coarse seed flowrate, and number of "regulars", respect-
ively, associated with a previous time instance. Therefore, when execution
enters QUEPT again, subsequently, these are transferred to the appropriate
elements in steams 1 and 8 and are replaced with the present flowrate values to
be used for the next time step. The past values for the number of precipitators
in the variables XNS, YNR are also transferred into streams 1 and 8 and are
replaced with the last set of values for the actual number of precipitators

used in the process over the previous time period. (These are obtained from the
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eighth and ninth elements of stream 7.) Hence, X, Y, XNS and YNR all yield
values that are associated with the state of the process at the previous time-

step. The flow diagram in Appendix 3a should illustrate this more clearly.
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SUBROUTINE QUEO1 (NSET)

C

é*****THIS SUBROUTINE OBTAINS THE SEED-CHARGE INPUT VALUES
C#####AND THF NUMBER OF PRECIPITATORS AT A PREVIOUS TIME FROM THE

c

CH####SYSTEM

&
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON CARDS

/A/
/B/
/C/
/D/
/E/S
/F/
/G/
/H/

ATRIB(10).9ENQ(10) s INN(10) 9 JCELS (5+22) s KRANK (10)

MAXNQ (10) sMFE (10) sMLC(10) sMLF (10) s NAME (20) sNCELS (5)
NQ(10) sPARAM(20+10) sQTIME(10) s SSUMA(10+5) »SUMA(10+5)
VNQ (10)

TDs IMs INTToJEVNT o JMNTIT oMFA9MSTOP ¢MX e MXCoMXX 9 NCLCT s NEP
NEPRMsNHIST sNOQsNORPTaNOT s NPRMS s NRUNsNRUNS s NSTAT - OUT
SCALF s ISEEDs TNOWs TBEGs TFIN

JCLRsMONsNDAY s NPROJSNYR

/AA/ EEN(175) 9EN(25) sKPRNT(10) o LLST(20) ¢ NPOINT (2042)
/BB/ NS(25) ¢ST(4410)9SN(17910)950(4+10)

/CC/ I1141ISeISPeJJsl.OOPIMSNsNCsNCALC

/DD/ NCOUNTsNEsNINyNOCOMP¢NOUT9NSR

DIMENSTON NSET(12,51)

IF (TNOW.LT,.0.1) GO TO 1 &
IF (MFF(2).LE.0) WRITE (6+3) MFE(2)
CALL RMOVE

(MFE(2) 924NSET)

CALL STREAM (4.0)
SN(ISs6)=ATRIB(2)
CALL STREAM (1,.0)
SN(ISe6)=ATRIB(2)
SN(ISs7)=X
X=SN(ISe+6)
SN(ISe8)=XNg
CALL STREAM (7,0)
XNS=SN(ISe8)

IF (MFF(3).LE.0) WRITE
CALL RMOVE (MFE(3)93sNSFET)

CALL STREAM (4,0)
SN(ISe7)=ATRIB(2)
CALL STREAM (8,0)
SN(ISeA)=ATRIB (2)
SN(ISs7)=Y
Y=SN(ISe6)
SN(ISeR)=YNR
CALL STREAM (7.0)
YNR=SN(IS+9)

GO TO 2

CONTINUE

CALL STREAM (1,0)
X=SN(ISs6) _
XNS=SN(IS+8)

CALL STREAM (8,0)
Y=SN(ISe6)
YNR=SN(IS+8)
CONTINYE

RETURN

(6+4) MFF(3)
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Subroutine QUE@2 (NSET)

This subroutine has access to NSET and the system variab]es.‘ Its
essential function is to transfer the values of the seed charge flowrate
associated with the present seed production (but which is only available for
future operations) into the fine seed queue (file 2) and the coarse seed queue
(file 3) from the SN stream vector. The buffer vector ATRIB contains the
flowrate value in the second element and the value of the "present" time (with
which the queues are ranked) in the first element. The values are then stored

in NSET by calling FILEM and become part of the appropriate queue.
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SUBROUTINE QUEO02 (NSET)

CH##u#THIS SURBROUTINE STORES THE SEED-FLOW AVAILABLE IN THE FUTURE

C

CundunSYSTEM

C

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON CARDS

/A/ ATRIB(10)+ENQ(10) s INN(10) 9 JCFLS(5+22) sKRANK (10)

/B/ MAXNQ(10) sMFE(10) oMLC(10) sMLE(10) ¢sNAME (20) ¢sNCELS(5)
/C/ NQ(10) sPARAM(20410) sQTIME(10) sSSUMA(10+5) sSUMA(10+5)
/D/ VNQ(10)

JE/ TDesIMeINITeJEVNT o JMNTITeMFAIMSTOPsMXeMXCoaMXXoNCLCTsNEP
/F/ NEPRMsNHISTsNOQsNORPTsNOTsNPRMS s NRUNsNRUNSsNSTATSOUT
/G/ SCALEsISEEDsTNOWsTBEGsTFIN

/H/ JCLR+MONsNDAYINPROJsNYR

/AA/ EENC(L75) sEN(25) sKPRNT(10) o1 1. ST(20) sNPOINT (20+2)
/BB/ NS(25)9ST1(4410)9SN(17910)9S0(4410)

/CC7 I1T1eISeISPeJJsLLOOPsMSNeNCeNCALC

/DD/ NCOUNTsNE«NINsNOCOMPsNOUT9NSR

DIMENSTON NSET(12+1)
CALL STREAM (7.0)
ATRIB(1)=TNOW
ATRIB(?2)=SN(IS46)
CALL FTLEM (2+NSET)
ATRIB(1)=TNOW
ATRIB(2)=SN(ISs7)
CALL FTLEM (3oNSET)

RETURN
END
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Subroutine EVNTS (I, NSET)

This subroutine is called by the subroutine GASP (NSET) for selection
of the next event to be simulated. The event code, I, is transferred in the
argument. In this particular simulation run, the first five events scheduled
in the data set have the code value of 1, and the sixth event, the code value
2. The first five events involve calling subroutine GEMCS (NSET) to handle
the information stream flow used in the solution of the equations describing
conditions in the precipitation circuit. The sixth event scheduled at time
101.0 hours consists of simply a command to print "The following events are
scheduled during the simulation run". Events after that instance in simulated
time are scheduled in an "endogenous" fashion, ie. they are planned to occur,
internally, at a future time, during the execution of eventsscheduled originally
in the data set (so-called "exogenous" events). Hence, the system is shown to
be able to handle both "exogenous" (externally caused or pre-scheduled) events
and "endogenous" events (internally caused, predicted, or triggered off by
some relationship being satisfied at some point in time). In this example, the

endogenous events are also assigned the event code of 1.
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SUBROUTINE EVNTS (I+NSET)

®
CHitsen#tTHIS SUBROUTINE SELECTS THE NEXT EVENT,
c
Cu####SYSTEM COMMON CARDS
c
COMMON /G/ SCALESISEEDsTNOWs TBEGsTFIN
C

DIMENSTON NSET(1251)

GO TO (19293949596) I
1 CONTINyYE

WRITE (6+48) TNOW

CALL GFMCS (NSET)

GOATO- 7

2 CONTINUE
WRITE (69+9)
GO TO 7

3 CONTINUE

C
GOETO =7

4 CONTINUE

G
GO+T0 7

5 CONTINUVE

C
GO TO %

6 CONTINUE

C
6O T0 7

T CONTINUE
RETURN

8 FORMAT (///+% STATE OF SIMULATED PROCESS AT TIME #,F12.4s% HOURS
1 %e///)

9 FORMAT (1HO.%# THE FOLLOWING EVENTS ARE SCHEDULED DURING THE SIMULA

1TION RN %)
END
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Subroutine MODULE (NT, NSET)

This is a user-supplied subroutine required in the GEMCS subsystem. It
is called from the subroutine GEMCS (NSET) to select the appropriate subroutine
module from the information network for calculation of output information given
certain input data. The subroutines called by the subroutine MODULE essentially
represent the nodes where information streams diverage or converge in an infor-
mation flowchart representing the state of the simulated system at a discrete
time period. The control of the information-handling and the manipulation of
data in and out of each of these nodes in the flowchart is completely under the
control of the GEMCS subsystem which includes the subroutine GEMCS (NSET),
DLOADT, STREAM(S) and DISKIO (IPNT, MM) besides MODULE (NT, NSET). It is noted
here that in the GEMCS subsystem, communication with the GASP subsystem and
access to the array, NSET, is only allowed in the subroutines GEMCS (NSET) and
MODULE (NT, NSET).

The dummy variable, NT, in the argument of MODULE carri%s the code
number for the type of module to be called. The subroutine MODULE is the GEMCS
analogous version of the subroutine EVNTS in the GASP subsystem and must be re-
written and supplied by the user for each different simulation experiment.
However, whereas the subroutine EVNTS calls the next simulated event at the
"present" simulated time, the subroutine MODULE calls the next GEMCS module to
solve the information network, in a sequential manner until all elements of the
information streams in the network have been evaluated or set; control is then

transferred out of the GEMCS subsystem.
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SUBROUTINE MODULE

(NTsNSET)

DIMENSTON NSET(1241)

GO TO (19293949596979809910911912913914915916917918+19420921922+23
1924425426927 928¢29930)9 NT

CONTINUE

GO TO 31
CONTINUE

Go To 31
CONTINUE

G0N0, 31
CONTINUE

60 To 31
CoONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

CALL PRECIO]

GO TO 31
CONTINUE

CALL OPERAO01

6070 31
CONTINUE

CALL VARIAO1

GO TO 31
CONTINUE

CALL QUEO1

GO TO 31
CONTINUE

CALL QUEO2

GO TO 31
CONTINUE

CALL SCHEDO1

6051031
CONTINUE

GO To 31
CONTINLE

GO To 31

(NSET)
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CONTINUE

Go To 31
CONTINUE

GO To 31
CONTINUE

G0 To:31
CONTINUE

G0 T0 31
CONTINUE

Go To 31

~ CONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

GO TO 31
CONTINUE

GO To 31
CONTINUE

Go To 31
CONTINUE

Go To 31
CONTINUE

GO T0 31
CONTINUE

Go To 31
CONTINUE
RETURN
END
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APPENDIX 3a

DIAGRAM SHOWING TRANSFER OF INFORMATION BETWEEN SYSTEM DATA POOL AND SUBROUTINES
QUE@1 AND QUEP2

{ START )

Estimated v alues for
X, Y, XNS and YNR are
read from data set and
stored in stream 1 and
stream 8.

1
Values are transferred

from stream vectors to
X, Y, XNS and YNR.

| .
Calculations in model
using X, Y, XNS and YNR.

1

Present values of seed
flowrates and number of
precipitators used are
stored in stream vectors

Gy

imulation time exceeded
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THE INFORMATION FLOW DIAGRAM OF SIMULATED SYSTEM

157

116
Type 12 Type 10
4 5 7
. VARIAD1 - PRECIOI —
T (No. 3) (No. 4) [ 1
I 1 I
I |
I 3 (.
I 1t
QUED1 VARIAQD1 QUEQ2
(No. 5) (No. 2) (No. 6)
Type 13 Type 12 Type 14
2
OPERAQ1 SCHED?1
Type 11 (No. 1) 7
Type 15
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APPENDIX 4

DATA SET FOR CASE STUDY NO. 1
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1 640U END OF RECORD
TEST OF DESS (DISCRETE=EVENT SIMULATION SYSTEM)

1.0 11.0 2540 197140 1.0
60 0e0 0.0 0.0 3060
240 g 0. 040 440 1000040
140 } 1.0 1«0

1400 | 1.0 1.0

3720040 3000040 4400040 230040

20.0 50 3540 560

40,0 2540 550 540

62004p 560040 680040 200.0

12200,0 1100040 1300040 40040

48)00,0 43000,0 53000,0 1000,0

1 0.0 060 1.0 0.0
40)40] 6640

~-1.0

D0 15 0.0

1e0

Qe & | 1.0

ji (49

24,0 1.0

Jie ()

44,0 1.0

1¢0

6740 1B

10

93.0 | 30

le0

101.0 240

260

0s0 620040

3l

Pet 1 4 1200040

%08,

0eC 0.0

CISCRETE-EVENT SIMULATION DATA-SET FOR FIRST EVENT AT TIME 0eO0 HOURS

- oo ———————— . S — 4 ——— c— 1 - {— —— T . S0 S i S s S o S s i — i g, S o S S S et G S s . . s, S

1eC 1.0 1.0



. L .
o (&)

. L .
o L= () () -] o L)

eSO € O IR b R T VIR s o
O D
- ~N O

62040
4o
623040
8
12000,0
TeD
10
2e0)
leV
2el)
1al)
1le0
Oe0)
3e0)
1e0
1e0
1e0
4ol
20
2ie U
O
560
060
Qe 0
6ol
060
Oel

060
620040
040
1200040
0.0
1200040

11.0
1.0
20
12.0
20
3.0

12.0
440
560

10,0
B el
660
Oel
1340

146U

060
2040
Oe0
4800040
OeU

4060

1540
8eU

160

1640

170
360
TelU

150

15.0

Oe0Q

160
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APPENDIX 5

PROGRAM LISTINGS AND DESCRIPTION OF THE MODEL IN CASE STUDY NO. 2
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Frogram TST

This is the "main" program which sets the number of columns in NSET
to 100. It calls subroutine GASP to start the simulation and terminates it

when the run is complete.
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PROGRAM TST(INPUT«OUTPUTsPUNCHs TAPES=INPUT s TAPE6=0UTPUT s TAPE7=PUNC
1H)
e
Ce####THIS MAIN PROGRAMME DETERMINES THE NUMBFR OF COLUMNS IN NSET.
C
DIMENSTON NSET(125100)
CALL GASP (NSET)
STORPW]
END
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Subroutine CLOCK (DAYS, HRS, ZMIN, TMINS)

A time value in minutes is supplied to the subroutine via the argu-
ment TMINS. This value is converted into units of days, hours and minutes
and the information is returned to the calling subprogram via the remaining

arguments.
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SUBROUTINE CLOCK (DAYSsHRSsZMINSsTMINS)

THIS SUURROUTINE CONVERTS TMINS (IN MINUTES) TO DAYSs HOURS,
AND MINUTES

COMMON /AA/ EEN(175) sEN(25) sKPRNT(10) s | ST(20) sNPOINT (204+2)
LHRS=(TMINS/60.0)+1,0E=10

HRS=LHRS

ZMINS=TMINS= (HRS#60.0)

LDAYS=(HRS/24.0)+1.0E~10

DAYS=LDAYS

HRS=HRS=- (DAYS#24,0)

IF (KPPNT(7).EQ,1) WRITE (6+1) DAYSsHRSsZMINS

RETURN

FORMAT (1H sF10.,49% DAYS #4F10e49% HRS, #eF10e4e% MINS, #*)
END
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}ubroﬁtine VARIQT

The subroutine supplies a flowrate value of 800.0 + 50.0 cfm. to
stream no. 1 in the information flow diagram (shown in Appendix 6b). The
variations are represented by random deviates from a uniform distribution.

"he third column of the system stream yectors, SN, SI and SO, is used con-
<istently throughout this simulation to represent flowrate values. (The first

column is used for storing the stream numbers.)
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SUBROUTINE VARTIONI1

COMMON /AA/ EEN(175) ¢EN(25) ¢«KPRNT(10) oL 1.ST(20) ¢ NPOINT (2042)
COMMON /BB/ NS(25) sST(4410)9SN(17910)9S0(44510)

COMMON /CC/ I111eISsISPsJJslLOOPsMSNeNCsNCALC

COMMON /DD/ NCOUNT sNEsNTNesNOCOMPsNOUT ¢NSR

CALL STREAM (X50)

SN(IS+3)=UNFRM(=50,0+450,0)+800,0

RETURN

END
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Subroutine NODEJ

The subroutine acts as a node in the information flow diagram (Appendix

6b) where stream 1.0 is split into streams 3.0 and 4.0.
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SUBROUTINE NODEJ
A SIMPI E JUNCTION MODULE (WHERE STREAMS CONVERGE AND DIVERGE)

COMMON /AA/ EEN(175) sEN(25) skPRNT (10) o | ST(20) ¢4NPOINT (2052)
COMMON /BB/ NS (25) +ST(4410)sSN(17410) 950 (4510)

COMMON /CC/ TT1T141SsISPeJJsl.0OPsMSN,NCyNCALC

COMMON /DD/ NCOUNT sNE sNTNsNOCOMP s NOUT s NSR
SO(143)=0.5%ST(1+3)

S0(293)=S0(1+3)

RETURN

END
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Subroutine SCHED@1 (NSET)

The subroutine prints the time during the simulation run. It also
schedules the next event when the GEMCS subsystem will be called again to
nandle the computation of the activities in the process network. The time
interval in between each scheduled call of GEMCS is stored in EN(4). The
time interval in between each printing of the simulation data is stored in

EN(5).
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SUBROUTINE SCHEDO1 (NSET)

Ceru#aTHIS SUBROUTINE SCHEDULES FUTURE EVENTS

C

C
5
C

Oan

YA O

~N O UTO

DIMENSTON NSZT(12+1)

+x#%#GEMCS COMMON CARDS

COMMON /AA/ FEN(175) sEN(25) skPRNT (10) ) | ST(20) ¢4NPOINT (204+2)
COMMON /BB/ NS (25) 9ST(4410) sSN(17510) 9S50 (4+10)

COMMON /CC/ I1T141S515PsJJsLOOP4MGN4NCsNCALC

COMMON /DD/ NCOUNT sNE sNTNsNOCOMP s NOUT s NSR

FREREGASP COMMON CARDS

COMMON /A/ ATRIB(10)+ENQ(10)sINN(10) 9 JCELS(5+22) sKRANK (10)
COMMON /G/ SCALFESsISEEDsTNOWs TBEGeTFIN

EN(4) === TTME INTERVAL (MINS.) IN BETWFEN EACH CALL OF GEMCS
EN(5) === TIME INTERVAL (MINS.) IN BETWEEN EACH PRINTING

IF (TNOWeGT,0Del) GO TO 1

LSD=KPRNT (7)

ANOW=TNOW=-0,01

TIME=TNOW=0,01

CONTINUE

IF (LSD.EQs0) GO TO 2

IE A TNOW.LT,0.1):G0 TO 2

KPRNT (7)=0

IF ((TNOW=TIME) ,LT.EN(5)) GO TO 2

KPRNT (7)=1

TIME=TNOW=0,01

CONTINUE =
IF ((TNOW=TFIN) «GEe=EN(4) s ANDeLSDeNE«0) KPRNT(7)=1
IF (KPRNT(7)«NE.1) GO TO 3

IF (TNOWeGFE,0s1) WRITE (645)

IF (TNOWeLT.0el) WRITE (696)

CALL CLOCK (DAYSsHRSeZMINS,TNOW)
CONTINUE

IF (KPRNT(7)«EQsl) WRITE (697)

SCHEDU) ING AMOTHER GEMCS CALL IN 15.0 MTNUTES TIME

IF - ACTNOW T 04 1 Y160 TO &

IF ((TNOW=ANOW) «LT«EN(4)) RETURN
ATRIB(1)=TNOW+EN (4)
ATRIB(2)=10.0

CALL FTLEM (1eNSET)
ANOW=TNOW=0,01

RETURN

FORMAT (1H 4% THE TIME IS #)
FORMAT (1Hl1+% THE TIME IS #)
FORMAT (1HO04100(1H=) /)

END
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Subroutine POLY@1 (M, N, L)

The gubroutine yields information on the type of precipitator to be
filled next. If L is 0, only a check on the type to be filled is made; no
actual filling is assumed. If L is 1, subsequent filling is assumed to be carried
out, and information stored in the subroutine is updated. M supplies the
policy code: the 1/1 policy (1 "regular"/1 "special") has code 1, and the 2/1
rolicy (2 "regulars"/1 "special") has code 2. The information returned is

<tored in N. For a "regular", N is 1, and for a "special", N is 2.
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SUBROUTINE POLYOL1 (MsNoL)

SURROUTINE DETERMINES THE TYPE OF THE NFXT PRECIPITATOR TO BE
FILLED ACCORDING TO OPERATING POLICY M

IF M= 1s PolLICY IS 1/1 (I.Ee« 1 REGULAR/1 SPECTAL)

IF M = 2y POLICY IS 2/1 (1.,E. 2 REGULARS/1 SPECIAL)

FOR A REGULARs N = 1

FOR A SPECIALs N = 2

COMMON /AA/ EEN(175) 9EN(25) sKPRNT(10) 91 ) ST(20) «NPOINT (20+2)
DIMENSTON LINE(4)

IF L = 0s ONLY A CHECK ON THE TYPE OF PRECIPITATOR TO BE FILLED

NEXT Is MADFEs NO ACTUAL FILLING IS ASSUMED
IF L = 1s SUBSEQUENT FILLING IS ASSUMED TO BE CARRIED 0oUuT

IF (Mol TeleOReMGT&2) GO TO 2
IF (KPRNT(7)eNE.1) GO T0O%1

IF (LINE(2) EQe0«OR.LINE(4).EQs0) GO TO 1
IF (L.NE.1) GO TO 1

WRITE (6+17) M

CONTINUE

GO TO (399)e M

CONTINUE

IF (KPRNT(7).EQ.l) WRITE (6416) M
M=1

GO TO (3+49)s M

IF (LINE(2) .,£EQ.0) GO TO 4

LINE (1)=0

LINE (2)=0

IF (KPRNT(7)eNE.1l) GO TO 4

IF (LeFQel) WRITE (6418)
CONTINUE

IF (LINE(1) .EQane«ORLLINE(]1)+EQe1) GO TO 5
IF. (LINE(]1) ,EQ42) GO .TO 7

IF (KPRNT(7)«EQ.1) WRITE (64+19)
RETURN

N=1

IF (L.FQ.0) GO TO 6

LINE(1)=2

CONTINDE

IF (KPRNT(7)«NE.1) RETURN

IF (LeFQel) WRITE (6+20)

RETURN

N=2

IF (L.E0.0) GO TO 8

LINE(]1)=1

CONTINUE

IF (KPRNT(7)«NE.l) RETURN

IF (L.FQel) WRITE (6+21)

RETURN

TRl TNE (4) JEQe0) 60 - D10

LINE (3)=1

LINE (4)=0
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IF (KPRNT(7) ,NE,1) GO TO 10
IF (LeFQel) WRETE (6922)
CONTINUE

IF (LINE(3) JETeaeGO . TO 11
IF (KPRNT(7)+EQsl) WRITE (6423)
RETURN

1F (L INE(3)5LEG«8) =60 1013
N=1

TRl s @ e 09:=6D .50 - 12
LINE(3)=LINF(3)+1

CONTINUE

IF (KPRNT(7)«NEesl) RETURN
IF (LeFQel) WRITE (6420)
RETURN

N=2

IF (LeFQe0) GO TO 14
LINE(3)=1

CONT INyE *

IF (KPRNT(7)«NE,.1) RETURN
RETURN

IF (KPRNT(7)eNE.1) RETURN
WRITE (6+24)

RETURN

FORMAT (1HO.% ERROR IN POLYOl == M = #,15/%
FORMAT (1H 4% FILLING POLICY IS #472)
FORMAT (1H 4% POLICY 1/1 IS IN OPERATION #)
FORMAT (1H0+%* ERROR EXIT 1 *)

FORMAT (1H +% FTILLING AS REGULAR #)

FORMAT (I1H +% FILLING AS SPECIAL #*)

FORMAT (1H +¥ POLICY 2/1 IS IN OPERATION #)
FORMAT (1HO.#* ERROR EXIT 2 #) :
FORMAT (1HO.% ERROR EXIT 3 = POLYO] = #)
END

175

M~IS RESET TO 1 %)
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Subroutine VALVP2 (J)

The subroutine controls the avai]abiiity of the precipitator inlets
for seed changing and liquor filling. It is first called at the beginning
of the simulation to initialize some non-DESS variables used in the model.
AT1 inlets and discharge outlets to the precipitator circuit are set at the

"available" condition.
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SUBROUTINE VALV02 (J)
VAL V02 CONTROLS THE AVATLABI_ITY OF PRECIPITATOR INLET VALVES

COMMON /AA/ EEN(175) sEN(25) skPRNT (10) 91| ST(20) ¢NPOINT (2052)
COMMON /G/ SCALFsISEEDsTNOWs TBEGs TFIN

COMMON /PREC/ AVATIL (3) sMAVA(241)

COMMON /TANK/ TTNOW(2) sVVOLB (2)

COMMON /DIS/ JDIS(5) s TTTN(5) sLLCOUsVOLD

COMMON /PREC2/ TCSsTFS

COMMON /SEED/ COARSsFINES

COMMON /PRG/ JDDsJSD

AVAIL (M) === SETTINGS OF PRECIPITATOR INLET VALVES (M = 3)
JDIS(1) === AVATLABILITY CODE OF D7SCHARGE OUTLET OF GROUP 1
TTTIN(I) === TIME AT WHICH QUTLET BFCOMFS AVAI| ABLE

TTNOW(T) ==~ TIME AT WHICH OUTLET VALVF OF TANK I IS CLOSED
NTANK === TANK NUMBER

TCS ==~ TIMF AT WwHICH COARSE SEED TNLET BECOMES AyAILABLE
TFS ==~ TIMF AT WHICH FINE SEED INLET BECOMES AVAILABLE

GO TO (19294954899)s J

CONTINUF

GO TO 10

CONTROL S AVAILABILITY oF 2 COARSE SFED TNLET VALVES
THERE ARE ONLY 2 COARSE SEED INLETs AVATLABLEs THEREFORE
NO MORF THAN 2 MAY BE AyAILABLE AT ANY ONE TIME

AVAIL(?2) = 0«0 === BOTH INLETS AVATLABLF A
AVATIL(?) = 1.0 === ONLY ONF INLET AVAILABLE

AVAIL(?2) = 2.0 === NO COARSE SEED TNLET IS AVATLABLE
CONTINUE

IF (AVATL(2) eLE.0eBsANDKPRNT(7) eEnel) WRITE (6411) AVAIL(2)
IF (AVATL(2)«GT.048) AVAIL (2)=AVAIL(2)=1.0

IF (KPRNT(7).NEs1) GO 7O 3

WRITE (64+12)

CALL CLOCK (DAYSsHRS9ZMINSsTNOW)

CONTINUE

JSp=JsSp-1

IF (AVATL(2) L T.1el14AND.AVAIL(2)4(T+0,99) TCS=TNOW
NAV=AVATL (2)+0.01

IF (KPpNT(7)eNE.l) GO TO 10

IF (NAv.EQ.0) WRITE (6413)

IF (NAV.EQe?2) WRITE (6415)

WRITE (6416)

GO TO 10

CONTROI S AVAILABILITY OF FINE SEED INLET VALVE
WHEN SUBROUTINE IS CALLEDs FINE SEFD CHARGING IS COMPLETED,
AND THE VALVE Is THEN SHUT === THEREFOREs SET AVAIL(3) = 0.0

CONTINUE
JSD=Jsn-1
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TFEFS=TNOW

AVATL (3)=0.0

IF (KPRNT(7)«NE.1) GO TO 10
WRITFE (6+17)

CALL Cp OCK (DAYSsHRS9ZMINSs TNOW)
WRITE (6416)

GO TO 10

SUBROUTINE IS FIRST CALLED TO CLOSF AL VALVES INITIA{_Y
OTHER VARIABRLES ARE ALSp INITIALISED

CONTINVE

VAL UES MUST BE sSUpPpL IED ToO TTNOW(I‘O TTNOW(2) s TCSs TFSo
AVAIL(T)s I = 1939 TTTN(I)e I = 19Se JDIS(I)s I = 145

TTNOW(1)=0.0
TTNOW(2)=0.0
TCsS=0.0
TFS=0.0

MAKE ALL INLETS INITIALLY AVAILABLFE

JSD=0

JDD=0
MAVA(1l41)=0
MAVA(2.1)=0
DO 6 I=z1+3
AVATL (T)=040
CONTINUE
COARS=0.0
FINES=0.0

MAKE A) L DISCHARGE OUTLETS AVAI_AB|F

DO 7 I=1+5
TTTIN(I)=0.0
JDIS(I)=0
CONTINYE
LLCOuU=0n

IF (KPRNT(7).NE.1) GO TO 10
WRITE (69+16)
WRITE (6+18)
WRITE (64+16)
GO TO 10
CONTINUE
CONTINUE
CONTINUE
RETURN

FORMAT (1HO+#%* ERROR IN AVAIL(2) = VALV02 = AVAI| (2) = #4F12.4)
FORMAT (1HO,* COARSE SEED INLET IS NOW AVAILABLE AT TIME = #)

FORMAT (1HO+* TwO COARSE SEED INLETS ARF NOw AVAILABLE #)
FORMAT (1Hp.* ONE COARSE SEED INLET IS NOW AVATLABLE #)
FORMAT (1HO+%* ERROR IN AVAIL(2) AND NAvV #)
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FORMAT (1HO0«100(1H=)+s/)

FORMAT (1HO.* FINE SEED INLET IS NOW AVATLABLE AT TIME - #)
FORMAT (1H ,# ALL VALVES ARE CLOSED AT START OF SIMULATION #)
END
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Subroutine TANKP 1 (K)

The subroutine is a model of the filling tanks in the precipitation

circuit. There are two parts in the subroutine. The first consists of comput-
ing the new level height in the tank and storing it in the EEN vector with a
call of the subroutine DISKIO. The second involves the setting of the flowrate

of the liquor flows to the precipitators.
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SUBROUTINE TANKO1l (K)
A SIMPLE FIILING TANK MODULE

COMMON /AA/ EEN(175)¢EN(25) sKPRNT(10) 91 I ST(20) s NPOINT (20+2)
COMMON /BB/ NS(25) +ST(4410)9eSN(17610)950(4410)

COMMON /CC/ IIT19eISes1SPeJJel . OOPsMSNeNCsNCALC

COMMON /DD/ NCOUNTsNEsNINesNOCOMPoNOUTeNSR

CoMMoN A/ ATRIR(10)sENQ(10) sINN(10) e JCFLS(5922) sKRANK(10)
COMMON /G, gCALEsISEEDs TNOWsTBEGsTFIN

COMMON /PREC/ AyAIL(3) 4MAYVA(2,1)

COMMON /TANK/ TTNOW (2)+VOLB(2)

COMMON /TANK1/ HGT(2)sTUT(2)

DIMENSTON FLOW(2)

AVAIL (M) === SETTINGS oF PRECIPITATOR INLET VALVES (M = 3)
TTNOW(T) === TIME AT WHICH OUTLET VALVF OF TANK I Is CLOSED
NTANK === TANK NUMBER

EN(16) === pREVIOQUS HEIGHT OR INITTAL HEIGHT

EN(17) === PREVIOUS TIME INSTANCE OR STARTING TIME INSTANCE
EN(18) === FILLING TANK AREA

EN(19) === NOT USED

GOSTO "l e2)s K

CONTINUE

SO0(1+3)=FLOW(NE)

HI=EN(16) +(SI(13)# (TNOW=EN(17))=VOLB(NF))/EN(18)
EN(16)=H1

EN(17)=TNOW

HGT (NE) =H1

CALL DISKIO (24NE)

IF (KPRNT(7)eNE.1l) RETURN

WRITE (6+47) NE,H1

CALL C1 OCK (DAYSeHRSsZMINSeTNOW)
RETURN

CONTINUF

HI=EN(16)

NTA=EN(1)+0,01

FLOW(NTA)=ST(143)

IF (H1.GTe04l) FLOW(NTA)=ST(193)+5,0#H]
IF (H1.LT«0,0) TFIN=TNOW

IF (MAVA(NTAs1) .EQ.0) GO TO 3

IF (MAyA(NTAs1).EQs1) GO TO 4

IF (MAVA(NTAs1) .EQ.2) GO TO 5
CONTINUE

TUT(NTA)=0,0

FLOW(NTA)=0,0

GO TO 6

CONTINyYE

TUT(NTA)=FLOW(NTA)

GO0 6

CONTINUE

TUT(NTA)=FLOW(NTA) /2.0
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Subroutine TANKP2 (NSET)

- The subroutine computes the level height in the hydrate agitator and
stores it in the EEN vector. It also seaches through the precipitator files
(files 2, 3 and 4) and reports the number of precipitators in each. (File 2
sontains empty precipitators; file 3 contains precipitators waiting for seed
:harging, and file 4 contains precipitators "in circulation".) The number of
yrecipitators that are being filled or drawn-off at the same time point are
similarly recorded. The "total free height" measuring the free volume in the
:ircuit available for material charging is computed in the final part of the

subprogram with the equation:

N
T.F.H. = N x 59.7 - Z  Hj
i=1
where, T.F.H. = Total free height,
N = Number of precipitators in the circuit,
H; = Present height of the ith precipitator.

If the value for T.F.H. is found to exceed 350 ft. and if the level in
the hydrate agitator is below 110 ft, the hydrate agitator underflow will be
decreased by 10% of its present value. If T.F.H. is below 200 ft., the underflow

will be increased by the same amount.
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INE TANKOZ2 (NSET)

A SIMPI E MOpDEL FOR THE HYDRATE AGITATOR

DIMENSTON NSET(1241)
DIMENSTON NPREC (4)

GASP AN

CoMMonN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CoOMMQON
COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

EN(16)
EN(17)
EN(18)

IF (TNO
S0(143)
DUR=TNO
HHH=EN (
EN(17)=
EN(18)=
NTA=EN (
CALL DT
IF (KPR
WRITE (
CALL cCL

D GEMCS COMMON CARDS

/A7 ATRIB(10)+ENQ(L10) o TINN(10) 9JCFLS(5922) sKRANK (10)

/B/ MAXNO(10) sMFE(10) sMLC(10)sMLE(10) ¢NAME (20) ¢NCELS(5)
/C/ NQ(10)sPARAM(20410)sQTIME(10) 9SSUMA(10+5) sSyMA(1045)
/D/ VNQ(10)

/E/ TDsIMesINITeJEVNT o IMNIToMFAIMSTOPsMXsMXCoMXXsNCLCT s NEP
/F/ NEPRMsNHISTeNOQsNORPTsNOTsNPRMS s NRUNsNRUNSeNSTATsOUT
/G/ SCALFsISEEDsTNOWs TBEGsTFIN

/H/ JCLReMONsNDAY sNPROJSNYR

/AA/ EEN(175)+sEN(25) sKPRNT(10) 9 L ST(20) sNPOINT (20+2)
/BB/ NS(25)9SI1(4410)9SN(17+10)950(44+10)

/CCy T1T141541SPsJJ9LLOOP4MSN4NCeNCALC

/DD/ NCOUNTsNEsNIN¢NOCOMP ¢NOUT 9 NgR

/TK2/ HHH

/DISy/ JUDIS(S)sTTTN(S)sLLCOU,VOLD
7FER7 _XHT (5)

/PRG/ JDDsJSD

/FILL/Z XLIQ(3+8)

/FHZ2/ FREEH

-== OQUTLET FLOW

-== pAST TIME VALUE (STORAGE)

-== INITIAL HEIGHT AND STORAGE FOR SUBSEQUENT VALUES
OF LTQUOR HETIGHT

Wel.T,0,1) TIMM=0,0
=EN(16)

W=EN(17)

18) + (VOLD=(S0(1+3) #DUR) ) /53140
TNOW

HHH

1)+0,01

SKIO (2sNTA)

NT(7)«NE.1) GO TO 1

6912) HHH

OCK (DAYSsHRSsZMINSs TNOW)

IF (HHH.GT«125.4) WRITE (6413)

WRITE (

6+11)

CONTINUE

FREEH=0

DO 4 I=

NPREC (1
NFREE=0
MF =MFE (
IF (MF,

% 0
24
)=0

I)
LE.0) GO TO 3

CALL CHECK (MFsTsNSET)
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NFREE=NFREE+1

NPREC (1) =NFREE

FREFEH=FREEH+ATRIB(5)

MF=NSET (MX ¢y MF )

IE (MF.EQ. 7724 7). GO: TH~3

SO0 2

CONTINyYE

IF (KPRNT(7)«EQel) WRITE (6914) ToNPREC(I)
CONTINUE

DO B Jd=]l95

FREEH=FREEH+XHT (J)

CONTINUIE

PO 6 J=193

FREEH=FREEH+XLIQ(Je5)

CONTINUE

IFE(KPRNT(7) eNEsl) GO -TQ 7

WRITE (6+15) JDD

WRITE (6+16) LLCOy

CONTINUIE
NFREE=NPREC (2) +NPREC (3) +NPREC (4) +L1. COU+ DD
X=NFREF

FREEH= (X#59,7) -FREEH

IF (KPRNT(7).NE,1) GO TO 8

WRITE (6+17) NFREE

WRITE (6+11)

CONTIN(E

TIMM=TTMM+DUR

IF (TIMM.LT.120.0) GO TO 10

IF (KPRNT(7)«NE.1) GO TO 9

WRITF (6+18) FRFEH

IF (FRFFHeLT«200.0) WRITE (6+19)

IF (FRFEH«GT«350.0) WRITE (6+20)

WRITE (6+11)

CONTINUE

TIMM=0,0

IF (FRFEH«LT«200.0) EN(16)=EN(16)+0.1%#FN(16)
IF (FRFEHeGTe350e0ANDeHHHeLTe1100) EN(16)=EN(16)=01#EN(16)
CONTINUE

IF (HHH.GE«115e0) EN(16)=EN(16) +0.1%*EN(16)
CALL DTSKIO (24NTA)

RETURN

FORMAT (1H0+100(1H=)s/)

FORMAT (1H ¢#% Le HTe OF HYe AGe = #oF10,49% FTa9 AT )

FORMAT (1H 4% WARNING == L. HTe OF HYs AG. EXCEEDS 125.4 FT. == OV
1ERFLOW REGINS #) i

FORMAT (1H 4% NOe. IN FILE #4]24% = #,15)

FORMAT (1H +% PPTS. FILLING = #41I5) ¢

FORMAT (1H +% PPTS, DRAWING=OFF = #,15)

FORMAT (1H +% TOTe NOe OF PPTSe = #415)

FORMAT CIH o TOT e FREE HT. = *9F10049§ e 3*)

FORMAT (1H 4% TOT. FREE HT. TOO LOw =-- yNDERFL. OF HY. AG. IS INCR
1EASED )
FORMAT (1H +% TOTe FREE HT. TOO HIGH -- CIRC. HRS. EXPECTED TO DEC

1REASE -- DECREASE UNDERFLW. OF HY. AG. #*)
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Subroutine PRGPPT (NSET)

The subroutine simulates the scheduling of the precipitators for filling,
seeding and discharging (ie. "draw-off"). The sections of the subroutine where
each of these operations have been coded are Tabelled accordingly.

In the section on seeding operations, the precipitators which are being
presently seeded (and are therefore "in circulation" in file 4) are first

checked, and their new level computed. The temporary storage matrix DEMP
ctores the precipitator number, the final height and time at which seeding
chould be stopped for the maximum three precipitators that could be seeded at

¢ time. Following this, the seed inlets are checked for availability. If one
cr more seeding has been completed, "new" empty precipitators are withdrawn
from file 3 and placed in the matrix REACT. If no new seeding can be started,
the program proceeds to filling operations. For actual seeding operations, the
precipitator information is removed from REACT, processed, and then stored
again in file 4 and in the matrix DEMP. Events are also scheduled for the
future time instance when any one of the three possible precipitator seedings
is completed. These events cause the seed inlet valves to shut and also notify
seed inlet availability.

In the section on filling operations, the program checks which filling
tank is presently being used, and if empty precipitators are available, and at
wiat time these are available. If liquor inlets are available and there are
enpty precipitators in file 2, and if the filling restrictions are not violated,
new fillings will be started. The choice of filling tanks for the supply of
liquor to the precipitators depends on their level height. The one with the

higher level is used first if possible. If not, the other tank is used (as
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would be the case if the only empty precipitator is in group 1; then, only
Filling tank 1 would or can be used even if filling tank 2 has a higher level.)
The subroutine POLYP1 is called to yield information on the type of precipita-
tor to be filled next. The matrix XLIQ stores temporary information on the
maximum three precipitators being filled at any time. When each filling is
somplete, the precipitator is transferred to file 3 (precipitator queue waiting
for seeding).

The last section of the subroutine concerns the discharging operations.
First, the draw-off rate of the discharging precipitators is adjusted depending
on the level height in the hydraté agitator. If the level exceeds 100 ft.,
the rate is decreased by 10%. If it falls below 90 ft., the rate is increased
oy 10%. The maximum and minimum draw-off rates are 350 and 200 cfm., respect-
ively. A maximum of three draw-offs is allowed and only one precipitator in a
group can be drawn-off at a time. The circulation time (COOKT) is computed
for each precipitator at the start of its discharge. When discharging is
complete, the precipitators are entered into file 2 again. This then completes
the cycle of operations. (Shut-down and cleaning are not considered to be short-

term scheduling operations.)
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SUBROUTINE PRGP0O1 (NSET)

MODFEL gIMULATING THE SCHEDULING OPFRATIONS IN THE PRECIPITATION
CIRCUIT

--- IMPORTANT NOTE =--
MODULES 1 AND 2 MyST BE THE FILLING TANKS
MODULE 3 MUST BE THE HYDRATE AGITATOR

DIMENSTON NSZT(12s1)

COMMON /A/ ATRIB(10)sENQ(10)sINN(10) s JCFLS(5422) sKRANK (10)
COMMON /B/ MAXNQ (10) sMFE (10) sMLC (10) sMLFE (10) sNAME (20) sNCELS (5)
COMMON /C/ NQ(10) sPARAM(20510) sOTIME (10) sSSUMA(10+5) sSUMA(10+5)
COMMON /D/ VNQ(10)

COMMON /E/ TDsIMsINITsJEVNToJIMNTT sMFAsMSTOP sMXsMXCoMXX9NCLCT s NEP
COMMON /F/ NEPRMeNHISTsNOQsNORPTsNOT s NPRMS ¢« NRUNsNRUNSsNSTATsOUT
COMMON /G/ SCALFsISEEDsTNOWs TBEGsTFIN

COMMON /H/ JCLReMONsNDAYsNPROJsNYR

COMMON /AA/ EEN(175) sEN(25) sKPRNT(10) o1 ST (20) s NPOINT (2052)
COMMON BB/ NS (25) sSI(4410)sSN(17910)950(4410)

COMMON /CC/ I1T415415P4JJsLLOOP4MSN,NC4NCALC

COMMON /DD/ NCOUNT sNEsNTNsNOCOMP sNOUT s NSR

COMMON /PREC2/ TCSsTFS

COMMON /PREC/ AVAIL (3)sMAVA(2s1)

COMMON /TANK/ TTNOW(2) s VOLR(2)

COMMON /DIS/ JDIS(5)sTTTN(5) sLLCOUsVOLD

COMMON /PRG/ JDD+JSD

COMMON /SEED/ COARS+FINES

COMMON /TK2/ HHH

COMMON /TANK1/ HGT (2)sTUT (2)

COMMON /FH/ XHT(5)

COMMON /DIS2/ ATR1(5)sATR2(5) sXTIM(5)

COMMON /FTILL/ XLIQ(34+8) i

DIMENSTON MPP(10)s NIL(10)s REACT(10+10)s SFLOW(S)

DIMENSTON DEMP(3e¢3)s VOLA(2)

TCS -=— TIME AT WHICH COARSE SEED INLET BECOMES AVAILABLE

TFS ==— TIME AT WHICH FINE SEED INIET RFCOMES AVAILABLF

AVAIL (M) === SETTINGS OF PRECIPITATOR INLET VALVES (M = 3)
AVAIL (1) ==-- NOT USED

AVAIL (?) ==-- COARSE SEED INLET VALVE

AVATL (3) === FINE SEED INLET VALVE

MAVA(141) =-= INDICATOR FOR AVATLARILITY OF LIQUOR INLET NO. 1
MAVA(241) =--- INDICATOR FOR AVAILABILITY OF LIQUOR INLET NO. 2
TTNOW(T) === TIME AT WHICH OUTLET VALVE OF TANK I IS CLOSED
V(I) =-- SETTING OF OUTLET VALVE OF FILLING TANK I

NTANK === TANK NUMBER

JDIS(I) ==- AVAILABILITy CODE OF DTSCHARGE OUTLET OF GROUP I
TTTN(T) === TIME AT WHICH OUTLET BECOMES AVAILABLE

JDD ==-- THE NUMRER OF INLETS AVAILABLE FOR LIQUOR CHARGING
COARS -== TOTAL AMOUNT OF COARSE SFED ALREADY USED

FINES === TOTAL AMOUNT OF FINE SEED ALREADY USED

MDP(I) =--- CONTAINS THE COLUMN NUMBERS OF THE FIRST TEN ENTRIES

IN FILE NO. 3
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NIL(I) === CONTAINS THE COLUMN NUMBERS OF THE FIRST TEN ENTRIES
IN FILE NO. 2
REACT(T4J) === TEMPORARY STORAGE SPACE FOR PRECIPITATORS WAITING
FOR SEEDING OR LIQUOR FTLLING
SFLOW(T) =--- THE TOTAL FLOW FROM THE PRECIPITATION CIRCUIT AT
A GIVEN TIME INSTANCE
SI(143) --- COARSE SEED STREAM (CFmM)
SI(243) === FINE SEED STREAM (CFM)
EN(16) === |LIQUOR FILLING POLICY CODE

SEEDING OPERATIONS

SECTION TO CHECK WHETHER PRECIPITATORS ARE READY FOR
SEEDING AND TO OBTAIN THE TIMES WHEN THEY ARE AVAILABLE

IF (TNOW.GT.0.1) GO TO 2

DO:'1 I=1,3

DEMP(143)=-100.0

CONT INUE

CONTINUE

DOy 3 I=lyv3

IF (DEMP(I43)4L.T«0.,0) GO TO 3

CALL FTND (DEMP(I91)95+4+24KCOL4NSFT)

CALL RMOVE (KCOL 949sNSET)

IF (IeFQeleNRaT.EQ.2) ATRIBI(9)=SI(143)

IF (T1.FQe3) ATRIB(9)=ST1(2+3)

ATRIB(5)=DEMP (T+3)-(DEMP(1+2)~-TNOW)*ATRTB(9)/531.0
IF ((DFMP(T142)=TNOW) L T40.,01) DEMP(I43)==100.0
CALL FTLEM (44NSET)

CONTINUE

IF JsD = 3, ALL INLETS ARE STILL BFING USED
THERE NO SEFDING IS POSSIBLE

IF (JUSD.EQ.3) GO TO 24

STORING A NFGATIVE VALUE IN THE THTRD FELEMENT OF THE TEMPORARY
STORAGF VECTOR FOR PRECIPITATORS WAITING FOR SEEDING

DO 4 1=1.10

REACT(143)==100,0

CONTINIIE

CHECKING FOR ANY PRECIPITATORS THAT ARF READY FOR SEEDING
FILE 3 CONTAINS ALL PRECIPITATORS WAITING FOR SEEDING

IF (MFF(3).6T.0) GO TO 6
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5 CONTINIIE
IF (KPRNT(7)«EQs1) WRITE (69+75)
IF (KPRNT(7).EQ.1) WRITE (6491)
NOM=0

IF NOM = 0+ NO PRECIPITATOR IS READY FOR SEEDING

OO0

GO TO 10
6 CONTINUIE
CALL CHECK (MFE(3) ¢34NSFET)
IF (ATRIB(3)+GT.TNOW) GO TO 5
MDP (1) =MFE (3)
DO 7 J=1,+5
REACT(1+J)=ATRIB(J)
7 CONTINUE
NOM=1
DO 9 J=1+9
JKE=MDP (J)
MDP (J+1)=NSFET (MX s JKE)
IF (MDP(J+1).EQ.,7777) GO TO 10
CALL CHECK (MDP(J+]1)%3eNSET)
IF (ATRIB(3).GT.TNOW) GO TO 10
DO 8 1=1,5
REACT (+1+T)=ATRIB(T)
8 CONTINUIE
NOM=NOM+1
IF (NOM.GF.10) GO TO 10
CONTINYE

SECTION WHERE ACTUAL SEEDING OPERATIONs ARE PERFORMED
0 CONTINUE

NOM = NUMBER OF PRECIPITATORS READY FOR SEEDING
IF NOM = 0, THERE IS NO PRECIPITATOR AyAILABLE FOR SEEDING

eSalislal NesNelNolalel e,

IF (AVAIL(2)«GT.1e5) TCS=TNOW
IF (AVATL(3)eGT.0.5) TFS=TNOW
IF (NOM.EQ.0) GO TO 24
JSH=NOM

JSH IS SET FQUAL TO NOM BECAUSE NOM PRFECIPITATORS IN QUEUE NO. 3
ARE CHECKED TO SEE IF THEY COuULD BE SEFDED WITH AVAILABLE SEED
STREAMS (I.Ee TO CHECK TYPE OF PRECIPITATORS AND TO TO CHECK
AVATIL (2) AND AVAIL(3))

SEEDING IS LIMITED BY ===

(1) AVAILABTLITY OF ONLY 2 COARSE gEED TNLETS»

(2) AVAILABILITY OF ONLY ONE FINE SEED TNLET,

(3) AVAILABILITY OF ONLY A MAXIMUM OF 3 SEED INLETS,

B0 O QO OO0



OO T

—
\

' 4

)0) Y PR YLD

—
o

14
15

192

(4) AVAILABILITY OF ANY PRECIPITATOR READY FOR SEEDING

DO 23 J=1s+JSH
IF (KPRNT(7)«NE.1) GO To 11 y

IF (REACT(J43) el Te0.0) WRITE (6,76) REACT(Js3)4J
IF (REACT(J43) «GT.TNOW) WRITE (6476) REACT (Js3)4J

NREAC sTOREs THE CODE OF THE PRECIPITATOR TYPE === 1 FOR REGULAR
-== 2 FOR SPECIAL

CONTINyE

NREAC=REACT (Js4)+0.01

IF (NRFEAC.EQ.1) GO TO 12

IF (NRFAC.EQe.2) GO TO 18

IF (KPRNT(7)«EQ.1) WRITE (6977) NRFAC
RETURN

CONTINUE

IF (JUSn.EQ.3) GO TO 24

REGULAR =-=-- COARSE SEED CHARGE

TEST Tn SEE IF ANY oF THE TWo CoARSE SFFED CHARGE InpLETS ARE
AVAILARLE

IF AVATL(2) = 0.0 OR 1.0s AT LEAST ONE COARSE SEED INLET IS
AVAILARLE

IFACAVATL (2) LT o1 e¢S) 60 T0wl3

GO TO 23

CONTINUE

WAIT2=TCS=RFACT(Js3)

CALL RMOVE (MDP (J) «3¢NSET)

HT1=13.0

DUR=531.0%HT1/ST(1+3)

IF (WATT24LTe0,0) WAIT2=0,0 N
IF (KPRNT(7)«FQ.,1) WRITF (6990) ATRIB(1)sATRIB(2)
IF (KPRNT(7).FQ.1) CALL CLOCK (DAYSsHRS+ZMINSsWAIT2)
ATRIB(3)=TNOW+DUR

AVAIL (2)=AVAIL(2)+1.0

JSD=Jsn+1

REACT (.)+3)=ATRIB(3)
ATRIB(5)=ATRIB(5) +HT1

DO 14 T1=192

IF (DEMP(I93).LT.0.0) GO TO 15

CONTINUE

CONTINIIE

DEMP(TI41)=ATRIB(2)

DEMP (1,.2)=ATRIB(3)

DEMP(I,3)=ATRIB(5)
COARS=COARS+DUR#SI(1+3)

IF (KPRNT(7)«NE.1) GO TO 16

WRITE (6+78) 3

CALL CLOCK (DAYS9sHRSsZMINSsATRIB(3))
WRITE (6+79) COARS

WRITE (6+91)

MAKING AN ENTRY INTO FILE NO. 4 - QUEUE WAITING FOR DISCHARGE
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CIRCULATION HOURS INCLUDE SEEDING TIME

CONTINUYE
ATRIB(3)=ATRIB(3)~-=DyUR
ATRIB(5)=ATRIB(5)=HT1
CALL FTLEM (4eNSET)
DO«17T -F=1.5
ATRIB(1)=0.0

CONTINUE

SCHEDUI ING EVENT TO SHUT COARSE SEFD VAl VE WHEN SEEDING IS DONE
. I.E. SET AVAIL(Z) = AVAIL(?) - 1-0

ATRIB(1)=REACT (Js3)
ATRIB(2)=2,0

CALL FTLEM (14NSET)

GO" T0O 22

CONTINyYE

IF (JUSD.EQ.3) GO TO 24

SPECIAL =--- FINE SEED CHARGE
TEST To SEE IF THE FINE SEED CHARGF INLFT IS AvVAILABLE

IF (AVAIL(3)4LT«0.5) GO TO 19
IF AVATL(3) = 0.0s THE FINE SEED INLET TS AVAILABLE

GO TO 23

CONTINUE

WATT3=TFS=RFACT (J+3)

CALL RMOVE (MDP (J)s3sNSET)

HT1=10,0

DUR=531.0#HT1/ST (243)

IF (WATT3.LT.0.0) WAIT3=0,0 :
IF (KPRNT(7).EQ,1) WRITE (6590) ATRIB(1)sATRIB(2)
IF (KPRNT(7)+EQ.1) CALL CLOCK (DAYSsHRSsZMINSsWAIT3)
ATRIB(3) =TNOW+DUR

JsD=Jsn+1

REACT (.193) =ATRIB(3)
ATRIB(5)=ATRIB(5) +HT1

DEMP (3+1) =ATRIB(2)

DEMP (3,2) =ATRIB(3)

DEMP (3,3) =ATRIB(5)

FINES=F INES+DUR#ST (243)

IF (KPRNT(7).NE.1) GO TO 20

WRITE (6+80) :

CALL CLOCK (DAYSsHRS+ZMINS,ATRIB(3))
WRITE (6s81) FINES

WRITE (6591)

MAKING AN ENTRY INTO FILE NOe 4 = QUEUF WAITING FOR DISCHARGE

CIRCULATION HOURS INCLUDE SEEDING TIME
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CONT INUE
ATRIB(3)=ATRIB(3)~DUR
ATRIB(5)=ATRIB(5)=HT1
CALL FTLEM (44NSET)
DO 21 1=l +5
ATRIB(1)=0,0

CONTINUE

AVAIL (3)=1.0

SCHEDU!I ING FVENT 7O sHuTt FINE SEED VALVE WHEN SEEDING Is DONE
== T oE o - SEFXAVATIL(3) =, 0.+:0

ATRIB(1)=REACT (Js3)
ATRIB(2)=3.0

CALL FTLEM (1eNSET)
CONTINUVE

MAKING AN ENTRY IN EVENT FILE

ATRIB (1)=REACT (Js+3)
ATRIB(?2)=10,0

CALL FTLEM (1sNSET)
REACT ()93)=-100,0
CONTINUE

- - —_—— — -~ — - — - - — D . — " —— _———-——— - -

FILLING OPERATIONS

SECTION TO CHECK WHICH FILLING TANK IS BEING USED =-- CHECK
WHETHER EMPTY PRECIPITATORS ARE AVAILABLE AND THE TIMEsS WHEN
THEY ARE AVAILABLE

CONTINUE

IF (TNOW.GT.0.,1) GO TO 26
DO 25 TP=1,3
XLIQ(IP+3)=0,0
XLIQ(IP+5)=040
XLIQ(IP+6)=040
CONT INUE
CONTINUF
INDD=0
VOLB(1)=040
VOLB (2)=040
VOLD=0,0
CONTINUE
INDD=INDD+1

STORING A NEGATIVE VALUE IN THE THTRD FLEMENT OF THE TEMPORARY
STORAGE VECTOR FOR PRECIPITATORS WAITING FOR LTQUOR CHARGING
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DO 28 1=1410
REACT(743)=-100,0
CONTINUE

IF JDD = 34 ALL INLETS ARE STILL BEING USED
THEREFORE NN SEEDING OR LIQUOR CHARGING IS POSSIBLE

IF. (UBD.GE+3) GO TO 5%

#uunxr | IMITATIONS  dedsns

HERE ARE THF 5 POSSIBLE CASES WHERF WE MUST CUT THE FILLING OF
PRECIPTTATORS. TIF AT THE END OF THF FILLING OF A PRECIPITATOR -

(1) THERE ARE NO EMPTY PRECIPITATORS IN ANY GROUP.

(2) THE NEXT PRECIPITATOR TO FILL IS A REGULAR ANp THERE ARE NO
EMPTY PRECIPITATORS IN GROUPS 2s 3, 49 AND 5.

(3) THE NExXT PRECIPITATOR TO FILL IS A SPECIAL AND THERE ARE NO
EMPTY PRECIPITATORS IN GROUPS 14 24 34 AND 4.

(4) THE NEXT PRECIPITATOR TO FILL IS A REGULARs THERE IS AN
EMPTY PRECIPITATOR ONLY IN GRNUP § AND THE FILLING TANK NO.
Al READY FILLS TWO PRECIPITATORS (THE FILLING TANK NO. 2°
CANNOT FIL|L MORE THAN 2 PRECIPITATORS AT THE SAME TIME AND
THE FILLING TANK NOes 1 CANNOT FILL IN GROUP 5).

(5) THE NExT PRECIPITATOR TO FILL IS A SPECIAL, THERE IS AN
PRECIPTITATOR ONLY TN GROUP 1 AND THE FILLING TANK NO. 1
Al READY FILLS TWO PRECIPITATORS (THE FILLING TANK NO. 1
CANNOT FILL MORE THAN 2 PRECIPITATORS AT THE SAME TIME AND
THE FILLING TANK NOe. 2 CANNOT FILL IN GROUP 1).

FILE NN, 2 CONTAINS ALL EMPTY PRECIPITATORS

IF (MFF (2)+«GT«0) GO TO 29

IF (KPRNT(7).EQ.1) WRITE (6+82)
IF (KPPNT(7)+.EQ.1) WRITE (6491)
GO TO 51

CONTINUE

READING FROM FILE NUMBER 2

CALL CHECK (MFE(2) s29NSFET)

NSET COLUMN NUMRER OF FIRST ENTRY TN FTLE 2 (FIRST IN FIRST 0OUT)
NIL(1)=MFE(?2)

NDP=MFF (2)

IF (ATRIB(3)«GT.TNOW) GO TO 51

ATTRIBUTE (1) CONTAINS GROUP NUMBER

ATTRIBUTE (2) CONTAINS PRECIPITATOR NUMBER

ATTRIBUTE (3) CONTAINS TIME WHEN FTRST AVAILABLE
ATTRIBUTE (4) CONTAINS PRECIPITATOR TYPF
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REGULAR. =" ] === SPECIAL = 2
ATTRIBUTE (5) CoONTAINS LEVEL HEIGHT (FEET)

) 56

DO 30 K=145

REACT (14K)=ATRIB(K)
30 CONTINUE

DO 32 1=2+10

COLUMN NUMBFR OF NEXT ENTRY IN MX ROW OF PREVIOUS ENTRY

eleNe!

IAC=1
NIL(IAC)=NSET (MXeNDP)
NDP=NSFT (MXNDP)
IF ANDP.EQ.7777) 60 TO 33
CALL CHECK (NDP+2sNSET)
IF (ATRIB(3).GT,TNOW) GO TO 33
DO 31 k=145
REACT (1+K)=ATRIB (K)
3 CONTINUE
32 CONTINUE
33 CONTINYE
INS=3-)DD
IF (UDNeGE«3«ANDKPRNT (7) ,EQel) WRITE (6983) JDD
IF (JDDeGEe3+0RsINSLEL0) GO TO S
DO 50 T1=1+INS
IF (TNOW.GE,0,1) GO TO 34

&
C STORING EQUTPMENT NUMBER OF PRESENT MODULE
e
NN29=EN(1)+0.01
C
C READ EN(16) === LEVEL HEIGHT (FEET) OF TANKS 1 AND 2
C
ALl DISKTIO «(151)
HGT (1) =EN(16)
CALL DTSKIO (142)
HGT (2)=EN(16)
C
C RETRIEVING EN VECTOR OF PRESENT MODULE
©
CALL DTSKIO (14NN29)
34 CONTINE
C
[ & CHECKING FILLING POLICY
07
MI123=EN(16)+0,01
CALL POLYO1l (M123sNs0)
JACK=0
f.
i IF LEVFL IN TANK 1 IS HIGHERs FIRST TRY TO FILL WITH TANK 1
C

IF (HGT(1)«GTHGT(2)) GO TO 35

AND VICE VERSA ...

Lz e Gl ep
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IF (HGT(2) «GE.HGT (1)) GO TO 38
IF (KPRNT(7)eEQs1) WRITE (6484)
RETURN

CONTINULE

ATTEMPTING 7O FTILL WITH TANK 1

DO 36 .)=1l410

IF (REACT(Js3)4LT«0.0) GO TO 36

IF (REACT(J«3) «GT.TNOW) GO TO 51

IF (REACT(Jesl) oGTe4.11) GO TO 36

IF (NeFQel .ANDREACT(Jsl) ,LTelel) GO TO 36

IF (N.FQ.E.AND.REACT(Jyl) .LT.I.I.AND.MAVA(I’I) .GE.Z)
IF (REACT(Jsl) oL Te4ell.AND.MAVA(1s1).LE.]1) GO TO 37
CONTINyYE

JACK=JACK+1

IE: 24 JACKJLE . 1) -60 TQ 438

GO 70 51

CONTINpYE

NTA=1

GO 70 41

CONTINUE

ATTEMPTING TO FTLL WITH TANK 2

DO 39 )=1l,10

IF (REACT(J+3).1.Te0.0) GO TO 39

IF (REACT(J43) «GT«TNOW) GO TO 51

IF (REACT(Jel)elTelell) GO TO 39

IF (NeFQoeleANDSREACT(J9]1) eGTe4e11eANDcMAVA(29]1).GE.2)
IF (REACT(Jsl) aGTelelleAND.MAVA(2+1)LF.1) GO TO 40
CONTINUE

JACK=JACK+1

IF (JACK.LE.1l) GO TO 35

GO TO 51

CONTINUE

NTA=2

CONTINIE

REACT(J¢3)==100,0

ACTUAL LIQUOR FILLING OPERATIONS

CHECKING TO SEE IF THE LIQUOR INLET IS AVAILABLE
IF INLFT IS AyATLABLE, MAVA(NTA,1) = 0 OR 1

IF INLFT IS NOT AVAILABLEs MAVA(NTAs1) = 2

NTA DENOTES THE FILLING TANK NUMBER

IF (MAVA(NTAs1) sEQ.0.O0R.MAVA(NTAs1).EQ.1) GO TO 42
IF (KPRNT(7)+EQel) WRITE (6485) MAVA(NTAs1)sNTA

GO T0O s1

CONTINUE

IF (KPRNT(7)«EQs1l) WRITE (6986) NTA
MAVA(NTAs1)=MAVA(NTAs1) +1

IAC=J

197

Go TO 36

GO TO 39
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CALL RMQOVE (NIL(IAC)s2eNSET)

JDD=JDN+1

IF (JUDDeGTe3«ANDKPRNT (7) sEQel) WRTITE (6+87)
DO 43 JTI=1+3

IF (XLTQ(JI46) L. Te0e5) GO TO 44

CONTINYE

IF (KPRNT(7)+EQ.1) WRITE (6488) JIXLIQ(JI6)
RETURN

CONTINUE

DO 45 TP=]1sp

XLIQ(JT«IP)=ATRIB(IP)

CONTINUE

IF (XLTO(JTI«3) ,LT.TNOW) XLTQ(JI+3)=TNOW
XLIO(JT1+45)=0,0

XLIQ(JT96)=1.0

XLTQ(JT8)=NTA

OBTAINTNG FILLING POLICY
IFCM = ] =<1/) POLICYs IF M =72 @&« 27) POLICY
IF N =¢] =='REGULARy IF N-= 2 =« SPECIAL

M123=EN(16)+0,001

CALL PoOLYO01l (M123eNsel)
IF (N.FQel) GO TO 46
IF (NeFQe2) GO TO 47
IF (KPRNT(7)+EQel) WRITE (6489)
RETURN

CONTINUE
XLIQ(JTe4)=46.7

GO TO 48

CONTINUE
XLIQ(JT94)=49,7

CONT INUE

WAIT1 = EMPTY PRECIPITATOR WAITING TIMF

WAITI=xLIQ(JUI+3)=-ATRIB(3)

IF (WATT1.GFe0.0) GO TO 49
WAIT1=0.0

XLIQO(JT+3)=ATRIB(3)

CONTINUE

IF (KPRNT(7)«NE.1) GO TO S0

WRITE (6+490) ATRIRBR(1)sATRIR(2)
CALL CLOCK (DAYSsHRSeZMINSsWAIT])
WRITE (6+91)

CONTINyYE

IF (JUDDeLTe3.AND.INDD«.EQs1) GO TO 27
CONTINUE

IF (KPRNT(7)+EQ.1) WRITE (6+92)
DUM=ST (1+3)

DO 52 JI=1s?

VOLA(JT)=0,0

S=yl+2

CALL STREAM (S)

SI(1¢3)=SN(TSs3)
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CALL DTISKIO (1,4J1)

CALL TANKO1 (2)

CONT INUE

ST (143)=DUM

CALL DTSKTO (1+NE)

DO 57 I=1,3

IF (XLTQ(JI+6).LT.0.5) GO TO 57
NTA=XLTO(JT+8) +0401
XLIQ(JT+7)=TUT(NTA)

DUM=XLTQ (JT+5)

199

XLTIOQ(JT+5)=XLIQ(JT95) +(XLIQO(JT97)/531,0)#* (TNOW=XLIQ(JT+3))

IF (XLTQ(JUTIe5) LEXLIQ(JIo4)) GO TO 54
DUM=XLTQ(JI+4)=DUM
VOLA(NTA)=VOLA(NTA)+DUM#%531,0
XLIO(JTeS)=XLIO(JUIe4)
XLIQ(JTe3)=XLIQ(JI¢3)+531.0#DUM/XLTIQ(JTWT)

GO TO 55

CONTINyE ¢

IF (KPRNT(7).NE.1) GO TO 57

WRITE (6493) XLIQ(JT9l) ¢XLIQ(JI$2) ¢XLIQ(JIH5)
CALL CLOCK (DAYSsHRSZMINS+XLIQ(JI+3))

GO TO 57

CONTINUE
VOLA(NTA)=VOLANTA) +XLIQ(JTe7) # (TNOW=XLTQ(JI93))
XLIQ(JT«3)=TNOW

IFLAXLTQ(Jl D)L TeXLIQ(J1e4)) GO TO. B3

CONT INUE

XLIO(JTe4)=(XLIO(JL s4)=46,7)/3.0+1,0
XLIQ(JT+6)=0e0

IF (KPRNT(7)eNE.1l) GO TO 56

WRITE (6+93) XLTQ(JIs1) o XLIQ(JIe2) 4 XLIO(JIIS)
CALL CpLOCK (DAYSeHRSeZMINS+XLIQ(JI«3))

TRANSFFRRING PRECIPITATORS INTO FILE 3 (QUEUE WAITING FOR SEEDING

CONT INUE
ATRIB(1)=XLIQ(JTIs1)
ATRIB(2)=XLIQ(JIs2)
ATRIB(2)=XLTIQ(JT+3)
ATRIB(4)=XLTQ(JT+4)
ATRIB(5)=XLTQ(JT+5)

CALL FTLEM (34NSET)
NTA=XLTQ(JI«8)+0.01
XLIQ(JT+5)=0.0

MAVA (NTAs1)=MAVA(NTAs1)~-1
JDD=JDD-1

TTNOW(NTA) =TNOW

CONTINyE

IF (KPRNT(7)+EQ.1) WRITE (6+91)
vOLB(1)=vOLRB (1) +vOLA(1)
VOLB (2)=VvOLB(2) +VOLA(2)

DISCHARGING OPERATIONS



000

61)

6¢

OO O

200

———— - ——— - — - — - —— -~ ——————— -~ ———_———— . —. -

IF (UDNeGTe3«ANDKPRNT (7) ¢EQel) WRITE (6994) JDD
IF (JDN«GT«3) RETURN
IF (TNOW.GE.0.1) GO TO 59

RATE 1S THE RATF OF DRAW=OFF FROM THE PRECIPITATORS IN CFM UNITS

RATE=275,.0
STOR=TnOW
NN29=En(1)+0,01

MODULE 3 IS THE HYDRATE AGITATOR

CALL DTSKIO (143)

HHH=EN (18)

CALL DTSKIO (14NN29)

DO 58 T1=1,45

ATR1(I)=040

ATR2(I)=0.0

XTIM(I)=040

XHT(I)=0.0

SFLOW(T)=0.0

CONTINUE

CONTINUE

DO 60 T=1+5

IF (JUDTS(I).LTel) TTTN(I)=TNOW
CONTINUE

S0(143)=0.0

IF ((TNOW=STOR) (LT.15.0) GO TO 62
IF (HHHeGF e9040.ANDeHHH LE«100.0) GO TO 61
IF (HHH.LT.90,0) RATE=RATE+0.1*¥RATF
IF (HHH.GT.100.0) RATE=RATE=0e1#RATE
CONTINUE

IF (RATE«LT.200.0) RATE=200.0

IF (RATE«GT,350.0) RATE=350.0
STOR=TNOW

CONTINUE

IF (HHH.GT«110.0) GO TO 68

IF (LLCOU.GF«3) GO TO 70

CONTINUE

MF=MFE (4)

M123=1

IF (MF,LE.0,AND . KPRNT(7) ,EQ.s1) WRITE (6495)
IF (MF.,LE«0) RETURN

CALL CHECK (MF+4sNSET)
TIME=ATRIB(3)

IF (TIME.GT.,TNOW) GO TO 69
NGP=ATRIB(1)+0.01

NGP CONTAINS THE PRECIPITATOR GROUP

COOKT=TTTN(NGP) -TIME
COOKT=CcO0OKT/60.0
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IF (CONKT«LT«0.0) GO TO 69
IF (UDTS(NGP) «NE«0) GO TO 66

IF JUDIS(NGP) IS NOT EQUAL TO 0s THF DISCHARGE OUTLET OF GROUP NGP
IS NOT AVAILABLFE

CALL RMOVE (MF e49¢NSET)

IF (KPRNT(7)«NE.1) GO TO 65

WRITE (6+496) ATRIB(1)sATRIB(2) +COOKT
CALL CLOCK (DAYSsHRSsZMINSSTTTN(NGP))
CONTINUE

ATR1 (NGP)=ATRIB(1)

ATR2 (NGP) =ATRIB(2)
XTIM(NGP)=TTTN(NGP)

XHT (NGP)=ATRIB(5)

SFLOW (NGP) =RATE

DISCHARGE OUTLET NGP IS NOT AVAILABLE--- THEREFORE JDIS(NGP) = 1

JDIS (NGP) =1

LLCOy=1 LCOU+1

MF=MFE (4)

GO TO &7

MF=NSET (MX e MF)

IF (MF,EQe7777) GO TO 69

CONTINUE

IF (LLcOULGF«3) GO TO 69

IF (MF,LE.O0) GO TO 69

GO TO 64

CONTINUE "

IF (KPRNT(7)«EQel) WRITE (6997) HHH
IF (KPRNT(7)«EQel e ANDeHHH.GE«125.4) WRITE (6+498)
CONTINIE

IF (KPRNT(7)eEQs1) WRITE (6+91)
CONTINUE :

IF (KPRNT(7)+EQ.1) WRITE (6+99)
voLC=0,0

DO 73 K=1+5

I AR (KT, 015560 Ta 73

SFLOW (k)=RATE

XX=XHT (K)

XHT(K) =XHT (K) = (TNOW=XTIM(K) ) #SFLOW(K) /531.0
IF - (XHTU(K) 6T e0e0) 6O TO 71

XHT (K)=0.0

XTIM(K)Y=XTIM(K) +XX#531.0/SFLOW (K)
VOLC=VOLC+XX%¥531.0

IF (KPRNT(7)eNE.1l) GO TO 72 %
WRITE (6993) ATRI(K)9sATR2(K) s XHT (K)
CALL CL OCK (DAYSeHRSeZMINSsXTIM(K))
GO&T0. 72

CONTINUE

VOLC=VOLC+ (TNOW=XTIM(K) ) #*SFLOW (K)
XTIM(K)=TNOW

IF (KPRNT(7)«NE.1) GO TOo 73

WRITE (6+93) ATR1(K)sATR2(K) ¢ XHT (K)
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CALL Ci1 OCK (DAYSeHRSsZMINSsXTIM(K))
SO TO ‘73

CONTINUE

ATRIB(1)=ATR1 (K)

ATRIB(?2)=ATR2(K)

ATRIB (3)=XTIM(K)

ATRIB(4)=0.0

ATRIB(5) =XHT (K)

FILE NN« 2 CONTAINS ALl EMPTY PRECIPITATORS WAITING FOR LIQUOR
FILLING

CALL FTLEM (24NSET)

M123=0

JDIS (K)=0

TTTN(K)=XTIM(K)

LLCOU=L.LCOU~-1

ATR1 (K)=040

SFLOW(K) =040

CONT INUE

IF (KPRNT(7).EQ.1) WRITE (6991)
VOLD=VOLD+VOLC

IF (M123.EQ.0¢ANDeHHH.LF«110.0) GO TO 63
IF (LLCOU.GT+3.AND.KPRNT(7) +EQs1) WRITF (64100)
DO 74 T=1+5

SO(193)=S0(193)+SFLOW(T)

CONT INUE

RETURN

FORMAT (1H 4% NO PRECIPITATORS ARE AVATLABLE FOR SEEDING *)
FORMAT (1HO.%* RFACT(Js3) = #43F12e4 4% J = #,1I5)

FORMAT (1HQ+%* FRROR EXIT 4 = NRFAC = #,75)

FORMAT (l1H +% C., S. CHARGING COMPLETE AT #)

FORMAT (1H +% TOT., COARSE SEED VOL, = #4F20,104% CU. FT. *)
FORMAT (1H +% F., S. CHARGING COMPLFTE AT #)

FORMAT (1H o% TOT« FINE SEED VOLe = #¢F20.109% CUs FTe #)
FORMAT (1H .%* THERE ARE NO EMPTY PRECIPTITATORS AVAILABLE #*)
FORMAT (1HO,.%* FRROR IN UDD == JDD = #,15)

FORMAT (1HO+%* FRROR EXIT 2 - PRGP - ERROR IN LOGIC *)

FORMAT (1HO 4% === ERROR === #4/#% MAVA(NTAsl) = #,]I5¢% NTA = #*
FORMAT (1H 4% FTLLING FROM TANK #472)

FORMAT (1HO,% ERROR IN UDD #)

FORMAT (1HO+% ERROR IN XLIQ(#913¢% 46) == XLIQ(JIs6) = #4F7,2)
FORMAT (1HO.%* ERROR EXIT 3 #)

FORMAT (1H +% WAITING TIME OF PPTe GPe #9FSelo® NOo #9FSaloe# I
FORMAT (1HO04100(1H=)s/)

FORMAT (1H «% FILLINGS #s/)

FORMAT (1H % GPe #*oFSele#* NO, #sFS,letr HT, = #9F10,49% FT,
FORMAT (1HO.#% DD = #415)

FORMAT (1HO.%* ERPROR EXIT = DISCHARGE = FILE 4 IS EMpPTY =#4#% NO

* X Xk X

2 1I5)

S #)

AT*)

PPT

1S. IN CIRCULATION #*#)

FORMAT (1H +% CIRCe TIME OF PPTe GPe #oFSels®* NOs #9F5,19% = #9F10
1."‘9* HRSes - DISCH. AT )

FORMAT (1H +%* HT. OF HY., AGe EXCEENS 110 FTes HTe = #eF12.49% FTao
1 NEW DRAW=-0OFFS POSTPONED i)
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FORMAT
FORMAT
FORMAT
END

(IH 4% HT. AGe OVERFLOWS #)

(1H 4% DRAW=OFFg #,/)
(1HO 4% WARNING =-= | LCOU

«GTe

3 *)

203
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Subroutine VLBL (NSET)
The subroutine computes the material balance in the system using the

information from the data pool. The terms in the equation:
INPUT - OUTPUT - ACCUMULATION = RESIDUAL

- 1re evaluated and reported.
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SUBROUTINE VLBL (NSET)

MODULE
SYSTEM

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

TO CALCULATE VOLUME BALANCE (TYPF 5)
COMMON

/A/ ATRIB(10) «ENOQ(10) o INN(10) 9JCFLS(54+22) sKRANK (10)

/B/ MAXNO(10) sMFE(10) ¢MLC(10) osMLE (10) ¢ NAME (20) sNCELS(5)
/C/ NQ(10) sPARAM(20910) sQTIME (1) +SSUMA(1095)9SUMA(1095)
/D/ VNQ(10)

/E/ TDeIMeINIToJEVNT s IJMNTIToMFAIMSTOP sMXeMXCoMXXeNCLCTsNEP
/F/ NEPRMsNHISTeNOQsNORPTaNOT s NPRMS sNRUNsNRUNSsNSTATSOUT
/G/ SCALFsISFEDsTNOWs TBEGsTFIN

/H/ JCLRsMONsNDAYsNPROJsNYR

/AA/ EEN(175) sEN(25) «KPRNT(10) 91 1.ST(20) ¢NPOINT (20+2)
/BB/ NS(25)¢S1(4410)9SN(17910)9S0(4410)

/CC/ 1I1T9ISeISPsJJs.OOPsMSNsNCsNCALC

/DD/ NCOUNT+NEsNINsNOCOMPsNOUT sNSR

/TANK1/ HGT(2)sTUT (2)

/SEED2/ CSeFS

/SEED/ COARSSFINES

/TK2/ HHH

/FH/ XHT (5)

/D1S?2/ ATR1(5)sATR2(5) ¢ XTIM(S)
/FILL/Z XLIQ(3+8)

/FH2/ FREEH

DIMENSTON NSET(1241)

CS=0.0
FS=0.0

voL2=0,

0

M=MFF (2)

CONTINUE

IF (Ms1 Fe0) GO TO 2

CALL CHECK (Mys24NSET)

VOL2=VOL2+ATRIB (5)

M=NSET (MXsM)

IF (M.NE.7777) GO TO 1

CONTINUE

M=MFE (3)

CONTINUIE

IF (M« E.0) GO TO 4

CALL CHECK (My34NSET)

VOL2=VOL2+ATRIB(5)

M=NSET (MXsM)

IF (M.NE.7777) GO TO 3

CONTINUE

M=MFF (4)

CONTINUE

IF (Mel E«0) GO TO 7

CALL CHECK (Ms4oNSET)

VOL2=VOL2+ATRIB(5)

IF (ABS(ATRIB(5)=59.7) 4L T+0+001) GO TO 6
IF (ARS(ATRTB(4)=140)«LTe0e1) CS=CS+(59,7-ATRIB(5))
IF (ABS(ATRTB(4)=2,0) «LT40.1) FS=FS+(59,7-ATRIB(S))
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M=NSET (MX M)

IF. (MeNE7777) GO TO S5
CONTINUIE

o8 JT=1s3

IF (XLTQ(I46) L Te0.5) GO TO 8

VOL2=vOL2+XLIQ(T+5)
CONTINyYE

DO 9 I=145
VOL2=Y0OL2+XHT (1)
CONTINYE
VOL2=V0L2#%#531.0

VOL2=VOL2+HGT (1) %1964 .0+HGT (2) #1257« 0+HHH¥*531 0

IF (TNOW.GE.,0.,1) GO TO 10
VoL l=voL2

PL=0,0

PT=0,0

TPAST=0,0

CONTINVIE
CS=CoApS-CS#531.0
FS=FINFS-FS#531.0

CALL STREAM (1.0)
PL=PL+SN(T1S43)# (TNOW=TPAST)
CALL STREAM (11,0)
PT=PT+SN(T1S+3)#(TNOW=TPAST)
TPAST=TNOW
RES=CS+FS+P|+VOL1=PT=VOL2
IF (KPPNT(7)eNE.1l) RETURN
WRITE (6+412) TNOW

WRITE (6+14) VvOL1

WRITE (6915) TNOWsVOLZ
WRITE (6916) CSeFS

WRITE (6917) PLePTsRES
WRITE (6+13)

C3###rMONITORING STREAM F| OWS

7

11

12
13
14

15
16

WRITE (6418)
DO 11 1=1.5
IF (I.FQ.1)
IF (I.FQe2)
IF (I.FQ.3)
IF (I.FQs%)
IFEA 1. FQ:5)
CALL STREAM
WRITE (6919) SeSN(ISs3)
CONTINVE :

WRITE (6413)

RETURN

0O O

(= e}

~0nNnwvnuvun

D uN-N U N

i i ® AR

FORMAT (1H +% VOLe BALe AT TIME #4F12.44% MINS,

FORMAT (1HO04100(1H=) /)
FORMAT (1H 4% INITIAL VOL.
1#)

FORMAT (1H +% VOL. AT TIME

FORMAT (1H 4% CeSe VOL. = #

AT TIME 0.0 MINS.

*QF].?,.I“Q* MINS. =
,EZOOIOQ* CU. FT.

*/7)
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= #9E204109% CU.

#9E20e109% CUSFTe

* /%

F.S.

VOL .

FTe

#*)
#4E
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18
19

10.10+% CU,

FORMAT (1H
1#4E20,109%
FORMAT (1H
FORMAT (1H
END

Bl %)
9* LIQ.
cU, FT,

o FLWe

INPUT =

¥9E204100% ClUs FT. #/%

ﬁ/* RES, ERROR = *9E20.10)
«#* FLOW CONDITIONS #)

IN S.N.

*QFSQIQFIZQQQ* CFM-

*)

PROD .

207

ouTPUT
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-
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Subroutine RECD@1 (NSET)

The subroutine obtains the simulation intermediate results from the
data pool and records the data on punched cards. (The data cards are used
'n separate computer runs in which the results are tabulated and plotted graph-

‘cally.)
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SUBROU
MODULE
EN(4)

SYSTEM

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CoMMQN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
DIMENS
IF. (TN
NICK=N
FESETONT
NICK=0
I=1

J=2

K=3

L=4

209

TINE RECDO1 (NSET)

TO RFECORD DATA GENERATED IN SIMULATION RUN (TYPE 4)
-== NUMBFER OF PPT, WHOSE HT. IS RFCORDED

COMMON

/A/ ATRIB(10)9ENQ(10) s INN(10) 9 JCFLS(5+22) 9KRANK (10)
/B/ MAXNQ(10) sMFE(10) ¢sMLC(10) sMLF (10) sNAME (20) +NCELS(5)
/C/ NQ(10) yPARAM(20410) sQTIME (10) sSSUMA(104+5) sSUMA(10+5)
/D/ VNQ(10)

JE/ TDeIMsINITeJEVNT s JMNITsMFAsMSTOP sMXsMXCoMXXeNCLCToNEP
/F/ NEPRMsNHTISTsNOQsNORPTsNOTsNPRMS sNRUNe«NRUNSsNSTATSOUT
/G/ SCALFsISEEDsTNOWs TBEGs TFIN

/H/ JCLRsMON+NDAYsNPROJsNYR

/AA/ EEN(175)9EN(25) sKPRNT(10) o L.ST(20) ¢NPOINT (2042)
/BB/ NS(25) 9ST(4410)9SN(17910)950(4+10)

/CCs TI1141S91SPsJJslLOOP¢MSN4NCsNCALC

/DD/ NCOUNT +NE ¢NTN4NOCOMP ¢ NOUT s NGR

/SEED2/ CSsFS

/SEED/ COARSSFINES

/TK2/ HHH

/TANK1/ HGT(2)sTUT(2)

/FH/ XHT(5)

/FH2/ FRFEH

/FILL/ XLIQ(3+8)

/DIS2/ ATR1(5)sATR2(5) ¢ XTIM(5)

TON NSET(1241)
OWeLT.0.1) NICK=2

TCK+1
CKeLT.3) RETURN

WRITE (7+5)
WRITE (746)
CALL STREAM
A=SN(IS+3)
CALL STREAM
B=SN(T1S+3)
CALL STREAM
C=SN(ISs3)
CALL STREAM
D=SN(Is.3)
WRITE (746)
DO 1 JA=2+4
CALL FTIND (
IF SKCOL+EQ
CALL CHECK
XT=ATRIB(5)
GO TO 4
CONTINUE

CSeFSeTNOWST

HGT (1) yHGT (2) yHHHsFREEH« TNOW ¢ J
(1.0)

(11,0)

(5,0)

(6.0)

C,D,A!B,TNOW’K
FN(4) +54JQ924KCOL4NSET)

« VG010 ]
(KCOL s JQeNSET)



~N~Noulo

DO 2 M=1+3

IF (ABR(XLIN(Ms2)=EN(4))«GTe043) Go TO 2

XT=XLIN(Ms5)

GOSTO0 4

CONTINUE

DO 3 M=1+5

IF (ABS(ATR2(M)=EN(4)) «GTo0.3)
XT=XHT (M)

GO TO 4

CONTINUE

XT==100,0

CONTINUE

WRITE (7+¢7) XTeTNOWsL
RETURN

FORMAT (2E20e104F12e4427Xs1I1)
FORMAT (5F12e¢4419%Xs11)

FORMAT (2F12e4955X9eT11)

END

GO 70 3

210
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APPENDIX 6a PROCESS F1OW DIAGRAM

i GP.1 (9)
(S)
N A\
Fine Seed and _ f_f
Coarse Seed (with
Advanced Wash)
GP.2 (14
(S or R)

e

¥

Filling ,

2
800 + 50 P.3 (10) Hydrate
! (S or R)
1> l Underflow
-
P.4 (13)
(S or R)




APPENDIX 6b

INFORMATION FLOW DIAGRAM

SCHED@1
Type 8, No. ¢

3.0

8.0

9.0

_

TANK@1(1
ype 3, Np. 1

VARI@1
Type 1, No.

TANKP(1)
ype 3, Np.

RGP@1
Type 6, No., 7

10.0

C (¢

TANK@?2
Type 7, No.

3

cte
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APPENDIX 7

DATA SET FOR CASE STUDY NO. 2



214
! 6400 END OF RECORD
SIMULATION OF THE SCHEDULING OPERATIONS IN THE PRECIPITATION CIRCUIT

2.0 11.U 2340 19710 1.0
0.0 Oe0 OeU Oe0 1000
5.0 440 0.0 Oe0 1000040
1.0 340 340 30

1.0 1.0 1.0 1.0

1 1O 0.0 Oe0 1.0 0.0
3¢00,0 34860

-140

0.0 0«0 0.0 0e0 060
1.0

0.0 460

1.0

0.0 100

2.0

2.0 940 CeU 0«0 0.0
2.0

3.0 2240 0.0 0«0 0.0
200

4.0 3140 0e0 0.0 0.0
3.0

2.0 1060 0e0 1.0 L4l
3.0

3.0 2340 060 240 4967
3.0

4,0 3260 OeU 240 4947
4.0

2.0 11.UV Y 1.0 5947
4.,0

3.0 246V -3840 20 5947
4,0

4,0 33640 -7640 1.0 5947
4.0

2.+0 120 -1144,0 20 597
4,0

5.0 434U ~152.,0 240 597

4,0



3.0
4.0
1.0

4.0

e e e S L e
SRS o So ORISR o O B oS s

(@]

%o

7o GRS
' i ~ B G LA - AT ~ U~ L | SR e R g > i e SR i it LR g
e R A e

e e g T e @ S T 5 o i R

2540

4440

13.0

4540

3440

740

4640

356U

1440

2660

4740

366U

4860

1540

2740

-190.,0

_22800

“26600

"3()4.0

=342.0

“380.0

_41800

—45600

"494. 0

=532«0

-57000

-60840

64640

-68440

~72240

—76000

-798.0

"83600

20

1.0

5947

597

597

59e7

5 el

597

59 e 7

597

597

59w

59e¢7

597

597

597

5980

597

59e 7

597

215
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3740 -87440 20 59e 7
860 -912.0 240 597
3860 -95040 1.0 59e7
4940 -988.0 1.0 597
2840 -102640 20 59e7
1640 -106440 140 5947
394U -1102.0 140 5947
240 -1140.0 240 597
1760 ~117840 1.0 597
5060 -121640 1.0 597
4040 ~125440 1.0 597
640 -1292.0 240 5947
2940 -1330.0 1.0 597
1840 -136840 240 597
51+0 -140640 Teaild 59e7
306U -144440 10 59e7
50 -1482.0 20 597
5240 -1520.0 1.0 59e7



217

2.0 1940 ~-155840 240 5947
5340 ~159640 140 597
4,
4140 -163440 2.0 597
2,0 20,0 -167240 240 5947
4.0
4.0 4240 ~1710.0 EeQ BGel
4.0
2.0 24l 174840 2+0 5947
4.0
5,0 5440 ~178640 148 59¢7
0.0
0.0 0.0 0.0 040 040

THIS DATA SET IS FOR OBTAINING A PRINTOUT OF THE SIMULATION RESULTS

1.0 1.0 le0

2.0 o0

8.0

6.0 440 540 740 10
2.0 3.0 840

~1.1.0

144 (0 940 240 20 340
3.0 9.0 l.U 1.0 240
3.0

3.0

1.0 1.0 80040 Oe0

8.0 1.0 750 060

9.0 1.0 1150 0«0

8.0

140 360 180 0e0 040
150 o

1./0

15.0 060 196440

2.0 3«0 1840 0.0 040



1.0
1.0
1.0
3.0
1.0
1.0
1000,0
4,0
0.0
0.0
50
In®

440
6eU
0«0
70
10,0
11.0
0.0
1.0
0.0
0e0
20
1.0
30
840

6e0
8e0
1060

END2OF PLEE

12570
1840

10040
150
04U
0.0

150

Lol
1540

1640
9.0

1560

o
.

i e S TR o
.
& ey - @

50





