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SUMMARY

The prime purpose of this research project is to apply
the sy;tems approach and the technique of computer programming
in an attempt to improve the Process of tunneling by rapid
excavation methods., One ;pecific objective is the optimiza-
tion of the materials handling function for tunneling systems,
This report contains information on the methods of simulation
on the digital computer, the developmeht of the computer model
from the basic concepts, the guide to the use of the program,
and the computer program itself,

The review of simulation methods contains a basic defini-
tion of simulation and a description of the most useful types
of models for digital computers., Primary attention was given
to the stochastic and deterministic concep;ual models which
are used in the simulation of tunneling systems and to methods
of updating the computer simulation time variable, In addi-
tion, a discussion of computer languages for possible use in
a simulation model is presented. The FORTRAN language was
chosen for use in the model based primarily upon its wide
acceptance and its familiarity to potential users.

The description of the computer model contains a synopsis
of the objectives of the model as well as an outline of the
concepts used in the simulation program. The discussion of
the specific concepts applied is divided into secticns dealing
with the individual unit operatioﬂs: muck generation, mater-
ials handling, roof support, and environmental control, An

additional section deals with the general concepts used
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throughout the program., The most detailed discussions deal
with the muck generation and the materials handling sub-
systems which are the most complex unit operations to be
modeled in the program. The materials handling methods
receive the greatrest analysis since they are the most complex
from a systems standpoint and are the most difficult to
simulate.

The attempts at testing the computer program are des-
cribed in a separate section of the report. At present, the
program has been debugged and the logic and behavior of the
model during simulation have been studied using data ob-
tained primarily in the field. No attempts have yet been
made to check the accuracy of the computer model as this
phase of the testing program is scheduled in the near future.

The final section of this report is a users' guide to
the computer program, a list and description of the most
important variables contained in the program, and a listing

of the computer program.
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SIMULATION BACKGROUND

The term "simulation" is used quite frequently in
modern technical literature as the methods of computer model-
ing have become more widely applied and accepted. This
section of the report provides a brief outline of the simu-
lation methods and languages and defines the simulation terms

used throughout the report.

Definition of Simulation

Simulation has been defined in numerous ways, but a
definition that appears in a book by Pritsker and Baljintfy (9)*
appears to be most applicable here. They have said that
"Simulation is the use of a model to study a problem." This
simple yet concise definition describes very well the ap-
proach used in this project. Our problem is to improve or
optimize the unit operations of a rapid excavation system,
especially the materials handling subsystem. The model used
will be a mathematical omne, constructed for use on a digital
computer,

The process of modeling is normally carried out in a
series of five steps generally referred to as the scientific
method, The scientific methcd of making decisions is often
referred to as the systems approach and generally consists
of the following steps:

1) Definition and breakdown of the system

2) Construction of a model of the system

*The numbers in parentheses refer to the numbered
publications in the REFERENCES section.,
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3) Testing of the model

4) Solution of the problem

5) Implementation of the solution
This year's work is involved primarily with the first two
steps above, beginning with the definition of the problem
and continuing through the construction of the computer

model of the system,

Types of Simulation Models

In order to simulate any particular process or system,
some type of a model is required. Several types of models
exist, but only three general types are extensively used.
These are the physical models, the analog models, and the
conceptual models.

A physical model is a physical model or replica of a
system, generally scaled down to a size which is more easily
handled than the full-size system. The usual reason for
using a physical model is economy of operation. The model
can be used to simulate the operation of the actual system
without incurring the cost of the full-scale system. Phys-
ical models are seldom used in systems analysis but can
often be used in other fields of engineering such as in
aeronautical evaluation of aircraft design. A physical
model 1s easy to "understand" since looks like the object
that it represents or models.

The second class of simulation models are the analog
variety. An analog model is a system, such as an electrical

or hydraulic circuit, which can be constructed to relate



to another system in such a manner that the behavior of
the model can solve prublems in the analogous system wé
are interested in. A typical example of this type of model
is the electrical network analyzers used to solve prob-
lems related to mine ventilation circuits. Analog models
are useful only in certain types of problems, but pro-
vide rapid, convenient answers in situations where they
apply.

The conceptual models, often called logical or mathe-
matical models, are the prevalent model type and are put
to use on a wide variety of problems. For this type of
model, the components of the system are represented by
mathematical formulas, probability distributions, ox
numerical data which is used to model the system. A
mathematical model is normally written in a computer
language so that the massive chore of performing the
simulation may be done by computer. Most of the mathemati-
cal simulation models fall into the class known as the
Monte Carlo methods. 1In these methods, the general ap-
proach is to run and rerun the simulation process as a
statistical experiment, measuring the results in order to
learn something about the process simulated. The Monte
Carlo methods are subdivided into the stochastic and deter-

ministic models.

Stochastic Simulation. Stochastic or probabilistic

simulation models are used in situations where the elements

of the model are probabilistic or random in nature, i.e.,



[T

the elements of the model cannot be predicted with cer-
tainty. A stochastic model operates with the probability
distributions of each element in the model and empirically
determines just what will happen in a particular system by
modeling the system under specific sets of conditions. By
studying the responses which occur due to changing the con-
trollable variables, the system can be optimized. The
Principal advantage of this class of model is that it may
be used to solve many problems which cannot even be ap-

Proached using conventional theoretical methods.

Deterministic Simulation. Deterministic simulation

has been described by Hammersley and Handscomb (1) as an at-
tempt to "exploit the strength of theoretical mathematics
while avoiding its associated weakness by replacing theory
by experiment whenever the former fails." Deterministic
simulation is used to model processes which are gcverned at
least in part by specific laws or rules and which will yield
predictable results. For this reason, deterministic simula-
tion has been used to simulate such activities as truck
haulage (8), rail haulage (7), and the operation of bucket
wheel excavators (l4). 1In these applications, physical laws
were used to determine accelerations, speeds, distances,
power consumptions, etc., as a function of the operating
characteristic curves for the equipment used. Normal
practice in a model of this sgort is8 to calculate the
required variables at equal intervals of time in an

interative fashion. At each iteration, the theoretical



[ e——

Exmareuzid

laws can be used to calculate the desired variables, thus
using the power of the digital computer to eliminate the
necessity for extensive mathematical development. The
model can be used to study an activity based on a theoret-
ical basis and possibly optimize the activity by inter-
pretting the outcome of the simulation experiments.-

Deterministic simulators are sometimes further sub-
divided into event-oriented and time-oriented models. The
time-oriented model is perhaps more widely used than the
other and often i1s the easiest to program. In this type
of model, a specific increment of time is chosen previous
to each computer run. The program updates the simulation
by that time increment and calculates all the variables
of record at the new time. The calculations. are repeated
at each incrementation in the time variable. By using the
proper logic, any variable can be accurately determined in
the simulation if the concepts for simulating that variable
are valid.

An event-oriented deterministic simulator is a simu-
lator which does not update its time variable by a constant
value but instead, updates the time variable only when.
specific predetermineq events occur in the simulation. The
events chosen to result in updating are generally the com-

pletion of activitiet after which decisions must be made.



The principal advantage of this method is that all the
variables of record may not need updating during a parti-
cular time span. By using the knowledge about specific
events in the process to be modeled, only those variables
of record which require updating are calculated by the
computer., A disadvantage of the method is that it may
require more programming work than the time-oriented model
for the same system. The choice between the emphasis on
time increments or events will depend upon the system to

be modeled. It may not be obvious which is the most advan-

tageous before the program is initiated.

Choice of a Simulation Language

One of the first important tasks involved in construc-
ting a computer model is the choice of a medium, i.e., a
computer language, in which to write the model. There are
numerous computer languages to choose from, including gen-
eral languages and those specifically designed for appli-
cation to simulation.

Several general simulation languages are available for
use such as GPSS '(General Purpose System Simulator) and
SIMSCRIPT., These languages are designed to handle variations
of standard simulation problems which are often encountered.
GPSS, for example, is best suited to problems related to
scheduling or to systems involving queueing while SIMSCRIPT
is most applicable to inventory and similar problems, Sev-
eral other languages are available which are designed to

study situations of a more specific nature. DYNAMO and
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SIMULATE are languages which are used to simulate economic
systems. More complete descriptions of these programs

can be obtained in the computer language manuals and in
books on computer simulation (6).

One language which merits special attention here is
GASP II. This is a FORTRAN-based language which is widely
applicable and which has numerous advantages. The origin-
ators of the language outlined these advantages in their
manual on GASP II (9). The most important advantages are
related to GASP's base in a common computer language. As
a result, thlie user does not have to learn a new language
or obtain a new compiler for his present machine. Thus,
two of the major probléms related to using a simulation
language are eliminated. In addition to these points, GASP
is a versatile tool which will have appeal in many simula-
tion analyses.

Another possible language for use in simulation is a
general purpose language such as FORTRAN. While this
language was not designed for specific use as a simulation
language, it is widely used as such and has several advan-
tages as a simulation language. The advantages that GASP
II offers to simulation can also be obtained from FORTRAN.
Thus, FORTRAN is advantagecus since it is widely understood
and does not require a special compiler. FORTRAN does
present some problems for simulation. These include the
lengthy input-output formatting and the lack of inherent
debugging aids. However, these disadvantages will not be

serious ones if the programmer is quite familiar with the
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language and will not effect the program users.

With these facts in mind, the choice of FORTRAN was
made for the simulation model being constructed. The main
factors affecting this decision are its wide use and its
ease of transfer from one machine to another. Most of the
important simulation work done in the mining and construc-
tion industry has been performed by FORTRAN programs to date.
In addition, nearly every digital computer has FORTRAN
capability and this will enable the model to be used on the
maximum number of computers. To further minimize transfer
problems, the authors of the model have attempted to follow
USA Standard FORTRAN IV as published by the United States
of America Standards Institute (13). This will minimize
the machine-dependent statements which will require changing

when the program is used on other machines.
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DESCRIPTION OF THE MODEL

The computer model presented here is a Monte Carlo type
model written in the FORTRAN language using both determin-
istic and stochastic simulation methods to model the over-
all tunneling system. The program is written in an event-
oriented manner with program updating being accomplished
after specific jobs or eévents are completed. Most of the
unit operation submodels are written in stochastic form
although the materials handling subsystem contains much in
the way of deterministic calculations. Emphasis has been
placed upon supplying a number of options within the program
to make the program applicable to various types or forms of
rapid excavation systems. This portion of the report deals
with the model objectives, the description of the simulation
concepts, the logic used and the outline of program organi-

zation,

Model Objectives

The primary goal of this model is to simulate the common
methods of driving a tunnel with a boring machine., To accom=-
plish this goal, it is necessary to think in terms of a
general computer program which contains a number of options
which allow a user to vary the simulation of the unit oper-
ations and the way that they interact during the tunneling
process., Primary attention is paid in this model to the
materials handling process as this is one unit operation
which promises to yield results from a systems evaluation.

This conclusion is based upon observations about the
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materials handling function creating a bottleneck in the
operation (2,3,4,10) and due to the fact that more control
may be exercised over the design and operation of the mater-
ials handling process than over the other unit operations.
For this reason, the most significant programming time and
attention was devoted to the modeling of the materials
handling function.

To meet the basic objective of studying primarily the
materials handling process, models for both cyclic and
continuous handling methods have been provided so that either
type may be studied. The cyclic systems have been pro-
grammed in a fashion which will allow either a track or a
rubber~tired haulage system to be modeled providing that
the characteristic curves of the driving mechanism are
available. For continuous systems, similar accommodations
have been provided so that either belt or hydraulic con-

veyors may be simulated.

Outline of Simulation Concepts Used

The outline of the logic and concepts used in the
simulation model will deal first with the general principles
or concepts used throughout the program. Afterwards, those
concepts which apply primarily to the individual operations
will be discussed. For purposes of outlining these specific
concepts, the tunneling process will be divided into the
following unit operations:

1) muck generation

2) materials handling
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3) roof support

4) environmental control
Each of these unit operations will be discussed separately
even though they may not be programmed in separate units

in the program itself.

General Concepts. The first of the discussions on gen-

eral concepts should perhaps be centered around the method
of introducing the necessary probability functions into the
program., For versatility and ease of iwput, all the
probability functions which are used in the program are
introduced as piecewise linear cumulative probability
functions which are sometimes also referred to as cumulative
frequency polygons or ogives (l1)., Figure 1 illustrates
the method for reading the cumulative probability functions
into the program. Several things should be mentioned here
regarding these functions:
1) Neither the abscissa nor the ordinate values
must be evenly spaced.
2) The first ordinate value, shown in Figure 1 as
CP (1), must equal zero.
3) The final ordinate value, shown in Figure 1 as
CP(NPOINT), must equal one.
4) The ordinate and abscissa values are read into the
program as pairs and must be arranged in terms
of increasing ordinate or cumulative probability

values.
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5) The number of abscissa and ordinate values read in
may be up to 13, If more are necessary, the dimen-
sions of the necessary vafiables may be easily
changed to provide the additional storage space,
Should the user decide that a constant value is to be read
into the program for a particular variable instead of a
distribution of values, he may do so under the framework
of the above method. The procedure that should be used is
to read in two ordinate and abscissa values; the first
ordinate value should be zero and the second should be one
while both abscissa values should be equal to the constant
desired for that variable. For example, if the user wished
to read in a constant value of 10.5 for a specific variable,
he would read in the following values for the cumulative
frequency polygon:

CP(1)

0.0 T(1) 10.5

CP(2)

1,0 T(2)

10.5

The computer would then automatically assign a value of 10.5
to the variable in question every time it is called in the
program.,

Since the computer program described here is classi=-
fied as an event-oriented model rather than a time-oriented
model;, a simplified explanation of an event-oriented model
is presented to provide a basic background for users, The
computer will store the clock time for all pertinent events
in storage. 1In searching for the activity which should be

updated next, the computer will go to the activity with the
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shortest clock time. An example of how this would work is
illustrated in Figure 2. In Figure 2(a), the status of the
five activities assumed to exist in the problem are shown
in Gantt chart fashion. The tick marks shown are indicative
of specific events such as the completion of certain jobs
or tasks. Since Activity 2 exhibits the shortest clock
time, the computer must deal with or act upon Activity 2
before it proceeds to the activity with the next shortest
clock time. If it is possible to update Activity 2 beyond
its present clock time, then this is done as shown in
Figure 2(b) and the computer then focuses attention on the
new activity which has the shortest clock time, Activity 3.
1f the situation requires that the updating of Activity
2 is restrained by another activity, then the start of
another cycle of Activity 2 may not begin immediately. A
very simple example is presented in Figure 2(c) where the
start of Activity 2 is assumed to be restrained by Activity
3 (and only Activity 3). This type of situation may arise
because of manpower, space, sequencing, or other limitations.
In any case, in this situation Activity 2 must wait until
Activity 3 is completed before it can be reinitiated. Thus;
the wait is indicated by a dotted rather than a solid line.
After Activity 3 is completed, Activity 2 is simulated to
completion and Activity 3 then has the shortest clock time
and is considered for updating next. In reality, the
simulation of an activity may be restrained by numerous

other activities of different types. However, the general
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principle of focusing on the activity with the shortest
clock time will apply no matter how complex the logic, pro-
viding that the model has been properly programmed.

The assignment and utilization of manpower is another
consideration which applies throughout the computer model.
The method of 2llocation of manpower was aimed at maximum
versatility in the number of men assigned to a particular
job. For each task in the tunneling process; an upper and
lower limit on the number of workmen assigned is read into
the program, The lower limit will reflect the minimum num-
ber of men required to safely carry out a task. The upper
limit will generally be determined by space, productivity,
safety, or other practical limitations of the activity. The
computer program will always assign at least the minimum
number of men to a job before it is initiated and will assign
4s many men as it can subject to availability and upper
limit restrictions., As more men are assigned to a job, the
time to accomplish the job is reduced proportionally. This
policy is based upon the assumption that the upper and lower
limits of manpower are reasonable and that all men are gain-
fully occupied on any particular job. As each job is com-
pleted;, the men assigned to that job are reassigned to other
jobs if it is possible, When several jobs require manpower
simultaneously, the largest job in terms of manhours required
is assigned men first,

On additional general topic of discussion here is the
options available for outputting information from the com-

puter. At the termination of each simulation run, a listing
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of summary statistics is printed routinely. In order to
allow users to determine just what is taking place in the
computer program, a log of operations which outputs informa-
tion on each significant event in the simulation as it occurs
can also be optionally implemented. If the log of opera-
tions is not desirable or necessary, the user may suppress
this series of output statements and the computer will print

only the simulation summary statistics.

Muck Generation Subsystem. The muck generation subsys-

tem includes all the activities taking place at the face of
the tunnel concerned with the operation of the tunneling
device. Thus, the muck generation subsystem is concerned
primarily with the rate of advance, the inspection and re-
pair and replacement of bits, and the repair and maintenance
of the tunneling device. The bits are one of the most
important of the considerations in the generation of muck,
particularly in large tunnels driven in hard rock. Each

bit on the face of the mole must be numbered for the pur-
poses of the computer program. This can be done as shown in
Figure 2 of a previous report (5) or in any other suitable
manner. After numbering each bit, a time-to-failure pro=-
bability function is assigned to each bit with the proba~
bility being expressed in terms of the feet of advance. In
addition, another distribution for the replacement manhours

required is assigned to each bit location in order to dif-

—

ferentizte between bits in terms of the replacement time

required. A separate time-to-failure and repair time
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distribution is provided to similate repair work on the bits
which does not require replacement, e.g., welding or other
repair work on the bit housings. When a bit reaches the
point of failure, it is not replaced immediately but is
replaced at the first inspection after the failure has
occurred, i.e., at the first opportunity for the failure

to be discovered.

The inspection of the bits are assumed in the program
to be completed in conjunction with the resetting of the
jacks after completion of a normal stroke or on any occasion
in which the machine is down for other purposes. It is
assumed to be made normally after any integer number of
cycles, i.e., after the jacks have been reset a predetermined
number of times. If the bits are found to be in condition
for more boring, the boring is reinitiated. If failed or
worn bits are detected, the replacement operation is simu-
lated before the boring is continued. Some tolerance, input-
ted in terms of feet of advance, is allowed in the program
so that worn bits do not have to be replaced the instant
their generated lifetime is assumed to end.

The muck generation subsystem also includes provision
for repairs and maintenance which must be performed on the
tunneling machine. Those repairs which result in the shut-
down of the system are compiled into a time-to-failure dis-
tribution., A distribution of manhours required for these
repairs is also provided to complete the simulation of this

part of the process. In all cases of simulating repairs
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associated with the mole, the tunneliag machine is assumed
to be down in the model and as many crewmen as possible
under the circumstances are assigned to the repair action
in order to expedite the boring operation. All of the above
processes are simulated in a relatively straightforward
stochastic manner. This is accomplished by placing each
event (bit failure, mole failure, etc.) in an event matrix
and testing at each update time to see if any action is
required, In this manner, all events in the muck genera-
tion subsystem are handled in the same matrix and are scanned
at the same time in the program,

The final important element in this subsystem is the
rate of generation of muck during the operation of the mole,
This process is accomplished in the program through the
advance rate distribution and the geometry of the face, The
advance rate potential of the tunneling device in feet per
hour can be formed into a probability distribution. A ran-
dom sample from this distribution is chosen to obtain an
advance rate which applies for the advance of one stroke
length of the machine. This advance rate is then combined
with the tunnel cross-section to determine the muck flow
rate. An instantaneous advance rate would have been more
Precise but the result in terms of the simulation would have
been negligible, i.e., the long~-term production of the machine
does not appear to be sensitive to this variable, In the
computer program, the simulation of the muck generation sub-
system is carried out in the main program and in SUBROUTINE

MUCK.
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Materials Handling Subsystem. The materials handling

subsystem was the most complex portion of the overall model
to program, This situation existed as a result of the em-
phasis placed upon the materials handling process in the
model and the physical complexity of some of the muck hand-
ling systems. Simulation of both cyclic and continuous sys=
tems have been provided for in the model. The computer model
is designed in such a manner that the haulage distance is
increased as the tunnel is advanced. This is accomplished

by keeping track of the advance and increasing the haulage
length each time a predetermined advance, DELTH, is attained.
This also results in changes in thke inby end of the haulage

system which must be reflected within the model.

(1) Cyclic Systems. Materials handling using cy-

clic systems are the most complex methods from a systems
standpoint. The cyclic materials handling systems were
modeled primarily with single-track haulage systems in mind
but a haulage system using rubber-tired vehicles can be
accommodated using the same model since the simulation pro-
gram is designed with this in mind. The initial concern of
the cyclic materials handling model to be discussed here is
the method of introducing the tunnel grade characteristics
into the program, This is accomplished by dividing the
tunnel into sections with each section having a constant
grade., In case of a tunnel with continuously varying grade,
the tunnel profile may have to be approximated by the assumed

linear grade segments. The segments are read into the program
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in order proceeding from the dumping point and continuing

to the face of the tunnel as shown in Figure 3 where a tunnel
profile with five sections is illustrated., In all cases,

the distances are measured along the center line of the

tunnel and changes in azimuth are ignored and assumed to be

of little or no consequence in the movement of the haulage
devices as they traverse the tunnel. For programming reasons,
the sections outside the portal are counted separately from
the sections within the tunnel. The program will accommodate
a tunnel profile with 100 sections without alteration.

The switches, or switchpoints in the case of rubber-
tired vehicles, are assumed to be evenly spaced along the
tunnel route. For rubber-tired vehicles; a bored tunnel is
not an ideal roadbed and thus it is not usually possible for
the vehicles to pass anywhere except here special passing
points have been blasted out of the tunnel, For this reason,
the simnlation model is assumed to be able to model this
type of haulage system with passing points at equal inter-
vals along the tunnel. The cyclic materials handling sub-
model simulates the movement of the vehicles on a switch-to-
switch basis in SUBROUTINE TRANS. For example, assume that
a train is waiting on the inbound side of Switch B of
Figure 4 on one of its empty trips to the face of the tpnnel.
When the track is cleared, SUBROUTINE TRANS controls tﬁe
movement of the empty train by ;alling SUBROUTINE MOTION
which simulates the motion of the train from Switch B to

Switch A, In order to obtain clearance to use the section
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of track between the two switches,; the track section must
be clear and the empty train must have priority as deter-
mined by the decision or control function in SUBROUTINE TRANS.
The decision as to which train has priority to a particular
section of track is made on a first-in~-first-out basgis.
Adjacent switches, such as Switch A and Switéh B, are al-
ways considered together in determining thisl%riority. For
example, if an inbound train reaches Switch B?before an
outbound train reaches Switch A, then the inpgund train has
the priority for the use of the connecting téack and it com-
pletes its movement to Switch A before the olitbound train
can initiate its move from Switch A to Switch B. By con-
sidering all the switches simultaneously, SUBROUTINE TRANS
can control the operation of all the trains in an event~
oriented fashion while SUBROUTINE MOTION simulates the ac~-
tual switch-to~-switch movements.

SUBROUTINE MOTION handles the motion of the train in
an event~oriented deterministic fashion based upon the physi-
cal laws of motion. One of the first publications dealing
with this basic simulation method for haulage systems was
introduced by Nelson (7). For this application, his basic
deterministic approach has been changed to one which does
not make use of equal time increments but instead concen=-
trates upon specific events in the movement of the train as
its travel is simulated., The basic physical law used is

Newton's second law of meotion which for the case of a rolling

vehicle (12) can be written as:
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. . (T - Ff - Fg)G
W, + W + W
L c m
where: T = tractive effort of the driving wheels in pounds
Ff = force required to overcome friction in pounds
Fg = force required to overcome the gravity com-

ponent in pounds

W¢ = weight of the locomotive in pounds

" = weight of the cars in pounds

wm = weight of the muck in pounds

a = acceleration in feet per second per second

g = acceleration of gravity, 32.2 feet per second

per second

Since the tractive effort does not remain constant for
changes in the speed of the tractive unit, some method of
applying the formula above must be used so that the changes
in the speed and the tractive effort are reflected in the
program. To accomplish this, the characteristic curve
of the tractive unit which relates its speed and tractive
effort must be made available for use in the computer model.
A number of selected points along this characteristic
curve are read into the computer program as shown in Figure
5 for a hypothetical two-speed locomotive unit. The program
then assumes that the characteristic curve is linear between
succeeding points so that the effect is an approximation
of the actual curve by a piecewise linear function defined

by the points selected for input. The degree of simulation
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accuracy required'in the runs will dictate the number and
spacing of the points selected. At present, the proper
variables in the computer program are dimensioned to allow
reading in up to 30 points along this characteristic curve.
The use of the tractive effort-speed curve in SUB-
ROUTINE MOTION is carried out on an iterative basis using
certain specified events to indicate the need for recal-
culation of the variables of motion. Normally this is done
based upon the assumed linear segments of the characteris-
tic curve as follows. A train (or other vehicle) which is
starting from rest is assumed to do so at the average
tractive effort value for the first assumed linear segment
along the curve in Figure 5, i.e., at a tractive effort
value of [TE(1)+TE(2)]/2. An acceleration is calculated
based upon this tractive effort and the train moves until
the acceleration results in the train achieving the speed
at the end of the first linear segment, S(2). Wheu this
occurs, a new average tractive effort value, [TE(2)+TE(3)]1/2,
is applied for the period of time required for the train's
speed to reach S(3), and so on. This iterative method con-
tinues until the train reaches its maximum allowabl-= speed
or until it reaches a new grade section in the tunnel. At
the maximum speed, the train's speed is not permitted to
accelerate any further and it continues with a constant
velocity. When a change in grade occurs, this changes the
gravity force component and thus the acceleration is auto-

matically recalculated within the program even though the
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train has not speeded up to the next input point on the
tractive effort-speed curve. To perform this calculation,
the computer will interpolate to determine the current
value of the tractive effort and average this value with
the next higher tractive effort value read in along the
curve. This average will then be used to calculate the
initial acceleration on the new grade. It is assumed in
this method that the mass of the train is a point mass
located at the locomotive unit. This assumption will not
effect the simulation significantly unless the tunnel pro-
file is changing rapidly and considerably in grade, a
situation which does not occur in rapid excavation tunnel-
ing jobs.

The dumping, loading, and switchout times for the
cyclic materials handling systems are handled separately.
The loading times are determined by the interaction of
the muck generation and the materials handling systems.
The cars of a train are loaded by the action of the mole
as it advances into the face. Thus, the loading time
for each car is a stochastic function which is dependent
on the rate of advance which is generated in the program
for the tunneling device. The dumping time of each train
is also determined stochastically to allow for the varia-
tions which will certainly occur in the process. Thus,

a dumping time cumulative probability function must be
read into the computer as illustrated in Figure 1. The

switchout time mentioned above is the name given here to
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the time required for an empty and a loaded train to
switch out under the gantry conveyor using the switch
normally located directly behind the conveyor. This
process may be deterministically simulated under ideal
circumstances. However, operators often use incoming
trips to haul the tunnel supplies and these must be un-
loaded when the train reaches the face area. Thus, it is
necessary to use a probabilistic approach on the switch-
out time in order to reflect the variations in time due

to the necessity of unloading the supplies at the face.
This can be done by utilizing a bimodal distribution, the
first or shortest mode reflecting switchout times where no
supplies are unloaded and the second mode related to times
necessary to complete the switchout operation when the un-
loading time is included in the switchout time. When un-
loading of supplies is not a problem, a unimodal distri-
bution may be suitable for this variable.

At the start of a simulation run, the trains are po-
sitioned behind the tunneling device in such a manner that
they are spaced one switch apart. This setup places the
trains in as favorable a state of readiness as can be
achieved in the tunnel., This initial setup scheme was
chosen since it was felt that the trains would be in a
ready state during a normal startup of a tunneling opera-
tion, e.g., at the beginning of the first shift of the

simulation.
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(2) Continuous Systems. The simulation of

@ continuous materials handling system ig simple in com-
parison with the cyclic systems. To model the actual
transport of the muck, the concept of effective cross-
section is defined as the area occupied by the broken
muck in a cross-section of the material flow when the
materials handling method is operating at its maximum
capacity. The value would be a8 constant for any system
and would be independent of the flow velocity and the
material density. The effective cross-section for a
belt conveyor and those for a hydraulic or Pneumatic
System would differ as shown in Figure 6. 1In all cases,
however, when the effective cross-section is multiplied
by the velocity of transport and the Proper density value,
the result should be the maximum mass flow rate of the
muck for the specific materials handling system used.
Care should be taken in expressing the value of the density
as the effective cross-section of the belt is based upon
the profile of broken rock while those for the systems
using pipe are based upon solid material. Once the muck
has entered the flowstream, the actual transport can be
easily simulated. This can be modeled deterministically
based upon the flow velocity and the length of the haulage
system,

One of the most important considerations in the

materials handling subsystem for continuous systems is
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THE EFFECTIVE CROSS-SECTION OF A CONVEYOR
IS THE CROSS-SECTIONAL AREA OF THE MUCK
WHEN THE CONVEYOR IS OPERATING AT ITS
MAXIMUM CAPACITY (INDICATED BY THE CROSS-
HATCHED AREA ABOVE)

THE EFFECTIVE CROSS-SECTION OF A HYDRAULIC
OR PNEUMATIC CONVEYOR IS THE CROSS-
SECTIONAL AREA OCCUPIED BY THE MUCK WHEN
THE CONVEYOR IS OPERATING AT ITS MAXIMUM
CAPACITY (INDICATED BY THE SHADED AREA
ABOVE)

Figure 6 - Illustration of the Effective Cross-Section
for Continuous Materials Handling Systems
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the interaction with the muck generation subsystem. The
primary function is to regulate the flow of muck into the
materials handling subsystem. If the muck generation

rate is greater than that which can be handled by the
materials handling subsystem, then the rate of muck genera-
tion is slowed to permit the materials handling subsystem
to accommodate the muck. This would, of course, slow the
advance of the overall system. When the materials handling
device can handle the flow of muck, the muck generation
subsystem can then be gllowed to operate in an unconstrained
manner,

At the other end of the materials handling subsystem
where the muck is dumped, another possibility for inter-
ruptions in the flow of .ck occurs. This can arise be-
cause of an interaction with anoth;r transport system,
because of the condition of a holding device, or due to
nume®ous other factors which can effect the flow of material
from the tunnel. Because of the varied nature of the
possibilities which may be encountered on this end, no
specific delay has been programmed. However, if a specific
type of delay is expected to occur at the discharge point
of the continuous materials handling system, this can be
added to the model in the manner which will correctly

affect the simulation of this characteristic of the system.

Tunnel Support Subsystem. The support function for

tunneling is quite variable because of the nature of the
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geologic materials through which tunnels are driven. Many
excavations are provided with support in a fashion which may
be considered to be cyclic, i.e., a cycle of jobs 1s carried
out to advance the support by one "set." In the computer
program, the simulation of such a cyclic method is carried
out by assigning a probability distribution to the number

of manhours required to advance the support through a single
cycle of support work., This makes the interrelationship be=-
tween the muck generation and the support subsystems an easy
one to handle in the model. The time to advance the tunnel-
ing device the length of one set can be compared to the time
required to complete one cycle of support and tunnel advance
can be limited to the speed of the slower process. This
procedure will permit the support subsystem to keep up and
provide the support which is required to safely advance the
tunnel,

Other methods of providing support in a tunnel are much
less cyclic in nature and vary significantly from the methods
suggested above. Examples of this type of support methods
include roofbolting and guniting. For methods which are not
cyclic in nature, the simulation must be handled differeﬁtly.
This can be done, however, within the framework of the cyclic
support methods outlined above by shortening the length of
a "set" to a value which is short compared to the stroke of
the tunneling machine. In this manner the simulation ﬁill
approach the installation of support which occurs contin-

uously rather than one which causes the support to be advanced
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in spurts, As an illustration, the action of installing
roof bolts may be modeled by inputting the probabilistic
number of manhours required to advance the support a
relatively short distance along the tunnel e.g., one foot,
As the support is advanced; the advance of the mole can

be checked to insure that it does not exceed the advance of
the available support exactly as was done for the cyclic
systems, Since the support is not advanced in long incre-
ments, however, the model is realistic in relation to the

actual system,

Environmental Control Subsystem, The primary tasks in

providing an adequate environment throughout the tunnel
normally involve extension of the ventilation system and
maintaining a water supply if used on the cutting head to

aid in dust abatement., The process of supplying these
auxiliary needs will normally be performed at specific inter-

vals of tunnel advance., The installation of the ventilation

tubing is normally undertaken at intervals of advance equal
to the length of the tubing sections., The simulation of

the installation is performed stochastically by providing

a probability function for the number of manhours required

to install one length of the ventilation tubing. Provision
has been made for allowing the tunnel to advance by more than
one length of the tubing before the installation of the tub-
ing must be undertaken. A similar method is applied to the

process of maintaining the supply of water at the face. A
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separate probability distribution for the demands of this
system is read into the computer for each run,

Additional auxiliary services may be necessary at the
face which may or may not be directly related to the environ-
mental control function. These may include such functions
as the édvancing of the track, the extension of the sump
lines, or other jobs which must be carried out on a periodic
basis. These processes may be simulated within the environ-
mental control subsystem just as those functions directly
connected to the enviromment in the tunnel, A third periodic
process of this type can be simulated by using the probabil-
ity distribution already provided within thils subsystem.
Other functions of i+ similar nature can be handled if neces-
sary by providing additlcnal distributions and using the
framework of logic inherent in the environmental control

subsystem,
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i TESTING OF THE MODEL

The testing of the computer model was only partially
) completed at the end of the project year., The initial
testing phase concerned with checking the logic of the pro-
gram and its macro behavior was accomplished using data
obtained mainly in the field., However, more exhaustive eval-
uation and development was scheduled for the second year of

: the project and is yet to be undertaken.,

Data Collection

In the testing of the computer program, as much data
as possible from the field was used to supply the computer
program. In the muck generation subsystem, data obtained
through the courtesy of the White Pine Copper Company was
used in the simulation., The bit life distributions were
compiled from actual bit records kept by the mine personnel
during the period of experience with their Robbins machine.
The bit lives available were formed into a histogram for
each bit on the head of the machine. The histograms were
formed from the raw data and then converted into cumulative
frequency diagrams by a computer program written for that
: purpose. The repair times for each of the bits were not
‘ determined from actual data but were instead estimated by

company officials, The repair times for each of the bits
. on the machine were individually assumed to be constant

values but higher constant repair times were assigned to
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bits near the periphery of the cutting head where working
conditions were more difficult due to space restrictions.
The time-to-failure and repair distributions for the tunnel-
ing device were determined by reconstructing the operating
record from shift reports and obtaining the individual times
between failure and the number of manhours required to com~-
plete each repair. These were then formed by computer into
the necessary distributions for use in the computer program.

The data for testing of the cyclic materials handling
subsystem was not hard to gather, although actual field data
was not available for some of the variables. A tunnel pro=-
filé with many grade changes was hypothesized for use in the
test. Trains corresponding to present practice were assembled
for the simulation. Three two-speed diesel locomotives with
a weight of fifteen tons were selected., Eight fifteen~-ton
cars with an empty weight of three tons were chosen for each
train, The distribution of the weight loaded in each of the
trains was assumed to be normal with a standard deviation
equal to 5% of the mean value. A bimodal switchout time dis-
tribution was hypothesized to indicate a practice of unload-
ing supplies from the incoming trains, The distribution of
dumping time was estimated from one contractor's experience
on a previous tunneling project,

Data for the tunnel support and the environmental con-
trol subsystems was obtained from available records on the
White Pine system., The individual samples were collected

by studying the shift reports and extrapolating as best as



41

possible the number of manhours spent during specific acti-

vities involving each of the subsystems. By collecting ia-

formation on a large number of occurrences, distributions of
the manhours required for specific advances of these two

subsystems were formed.

Testing Procedure

The initial test of the program was made with the idea
of eliminating the programming problems in the model, i.e.,
eliminating the bugs and errors in logic in the model. This
was accomplished simply by attempting to run the program and
check the validity of the results., The most complex portion
of the program was the materials handling subsystem and this
subsystem was the most difficult to debug. When the obvious
debugging problems were out of the way, the program was then
checked to be certain it was operating logically and out-
putting data in the log of operations which agreed with cal-
culations made by hand. This procedure probably did not re-
sult in testing all the possible branches of the program
even though an attempt was made to cover as much of the logic
as possible. After several problems were eliminated, the
program seemed to be at least superficially correct and free
of obvious bugs.

No attempt was made to test the accuracy of the simula-
tion model in terms of the overall results as this step in
the testing procedure was planned for the second year of the

project. The testing of the accuracy of the model was to be
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undertaken using the data obtained at White Pine as input

to a simulation run which would model the tunneling opera;
tion for about one month's time., The results of the simu-
lation in terms of the tunnel advance and the times spent

in the various unit operations would then be compared with
the actual values of these variables obtained from tunneling
records for the time period in question, Attempts could then
be made to adjust or improve the computer program in areas

where its performance was concluded to be unsuitable.

Present Status of the Program

Since the development of the program is not complete
at the present time, users should recognize that parts of
the model may still be in rather unfinished form in the pro-
gram, In particular, the program may still contain bugs which
have not been detected. In addition, options which would
make the program more versatile and useful may not be included
due to the limited period of use of the model, As an example;
it was hoped to expand the program to include the logic for
systems using both cyclic and continuous materials handling
systems, the cyclic system being applied to the handling of
supplies while the continuous system was applied to the
handling of muck. Such logic does not presently exist in
the model. These inadequacies are to be taken care of during
the latter stages of development and use of the program.

At present, however, the program is still in a state of
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and testing and should not be considered a fin-

ished product,

One of
model which
accuracy of
tions. For

plete a run

the most important aspects of the testing of the
has not been completed is the testing of the

the program in modeling actual tuuneling situa-
this reason, the fact that the model will com-

and output data is not sv.ficient reason to have

complete confidence in the results, Inaccuracies may be

caused by bugs in the program or by the assumptions of the

model not being valid for all or sume of the conditions under

which the model is to be applied. Users should note these

warnings before making use of the program.
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APPENDIX A
USERS' GUIDE TO THE COMPUTER PROGRAM

Definition of Important Variables in the Program

This section contains the definition of the most important
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variables and the units in which they are expressed in their

usage in the program. The variables which must be input
into the program are also defined in this list. To prepare
an input data deck, a user must refer to the main program
and SUBROUTINE TRANS where all the data is input. The data
prepared for the main program should appear first in the
data deck while the data for SUBROUTINE TRANS follows.

All the input variables are defined in this list, which is
alphabetized for convenience in locating specific variable
names. Users may refer to the program for the order and
format information on variables and then to this list for
the definition.

ACCFC -- available accelerating force, tons

ACCMAX -- maximum acceleration rate allowed in the tunnel,
feet per second per second

ACCR -- acceleration rate of a trainm, feet per second per
second

ACT(I) -- the reduced time to complete activity i after
redistributing the manpower.

ACTIM(I) -- the time required to complete the ith activity

ADRT -- the tunnel advance rate, feet per hour

AFT -- feet of advance required to load one train

AVAMH -- manhours available for the support function

AVATF -- available tractive effort of a locomotive at its

current speed, pounds
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BINSMH -- manhours required to inspect the bits and regrip the

mole
CAPMH -- the capacity of the continuous materials handling
system, tons per minute
CCTM -~ the time in minutes requlred to generate one trainload
of muck
CF(I,J) -- the jth ordinate value read in from the ith cumulative

probability curve in the main program

I 1 to NBITS correspond to the probability

distributions for the time-to-failure of the

bits in feet or operating hours.

T = NBITS + 1 to 2xNBITS correspond to the probability
distributions for the manhours required to replace
the bits

I = 24#NBITS + 1 corresponds to the probability distrib-
ution for the time between bit repairs, hours

I = 2%xNBITS + 2 corresponds to the probability distrib-
ution for the time between mole repairs, hours

I = 2%xNBITS + 3 corresponds to the probability dis-
tribution for the time between repairs of the
third (optional) equipment, hours

I = 2*NBITS + 4 corresponds to the probability dis-
tribution for the advance rate, feet per hour

I = 2%xNBITS 4+ 5 corresponds to the probability
distribution for the manhours for repair of the
bits

I = 2%NBITS + 6 corresponds to the probability dis-
tribution for the manhours required for repair
of the mole

I = 2%xNBITS + 7 corresponds to the probability dis-
tribution for the manhours required to repair of
the third (optional) equipment

Altogether, 2xNBITS + 7 probability distributions

are read into the main program.

CFD(I) -- the ith ordinate value read in from the cumulative
probability curve for the dumping time

CFL(I) -- the ith ordinate value read in from the cumulative
probability curve for weight of the muck in a car

CFR(I) -- the ith value of the cumulative probability read
from the support requirement function

CFS(I) -- the ith ordinate value read in from the cumulative
probability curve for switching time

CROSEC -- cross-sectional area of the tunnel, square feet

CT(I) -- the ith abscissa value read in from the cumulative

probability curve for dumping time, minutes
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CTIME -- clock time from the start of the simulation, minutes
CTLOC(I) -- total or clock time of the ith locomotive in
minutes

CTM(I) =-- the ith value of the ACT(I) array if arranged in
ascending order

D] -- the distance in feet from one stop to the next stop of
a train excluding the distance required to stop

D2 -- distance in fee% to the end of the present grade section
D(I) =-- horizontal length of section i of the tunnel profile in
feet .

DECEL -- maximum deceleration rate allowed in the tunnel, feet
per seccnd per second

DELTH =-- increment added to the tunnel length as the face
advances, feet

DISTR(I) -- distance traveled by the ith locomotive in feet

DISW -- distance between two switching points in feet

DMS =-- current distance between the switch closest the face

and the next switching point, feet

DS(I) -- distance from the dumping statiom to the ith switch
DSTOP(I) -- distance required for the ith locomotive to stop,
feet
FCAR =-- the friction coefficient of each mine car in pounds
per ton
FLOCO(I) -- friction coefficient of locomotive i in pounds
per ton
FRFC -~ force required to overcome the frictional resistance,
pounds
FTA(I) -- the ith abscissa value read from the support

requirement curve, manhours per foot of advance
G(I) -- present grade of section i of the tunnel profile

GAMMA -- specific weight of the muck in the solid, pounds
per cubic foot

GFC -- force required to overcome the grade resistance,
pounds
GLEFT -~- distance in feet remaining to be traveled in the

track section
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HAUL -~ the current haulage length in feet

HRPSH -- working hours per shift, i.e., the total shift time
minus travel and other idle time
ICYCLE -- the variable which indicates the type of material
handling system
ICYCLE = 0 indicates a continuous system
IDE(I) -- queueing number of the ith locomotive while waiting

empty at the dumping station to enter the tunnel;
IDE(I) = 0 means the ith locomotive is not in the
queue

IDEOS -- the variable which indicates that the simulation is
to terminate; IDEOS = 1 indicates the termination

IDL(I) -- queuing number of the ith locomotive as it waits to
dump its muck at the dumping station; IDL(I) = O means
the ith locomotive is not in the queue

IDLOAD -- indicates whether any trains were loaded or not;
IDLOAD = 1 indicates trains have been loaded

IL -- the number of the locomotive which has the shortest clock
time but which is awaiting the movement of another loco-
motive

ILC -- the number of the locomotive which has the same clock

time as that of the main progtam

ILS -~ controls the input statements in SUBROUTINE TRANS;
ILS = 0 means no simularzion is performed
ILWTID -- the variable which indicates the beginning of the

simulation; 1LWTID = 1 indicates the beginning

IMAN -- number of men currently available
INLC -- the number of the loaded locomotive at the loading
point

INSPM -- the number of men required to i .spect the bits

IR -~ the subscript used to obtain the repair manhours for
ITEM

ITEM -- the number of the unit which has the shortest life

KK -~ the next lower speed point on the characteristic curve

KMAX -- number of points on the characteristic curves of the

locomotive at which input data will be read
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KOUNT -- the number of bits which need to he replaced

LC(I) -- the queuing number of the trains in the ILC list

LCLAS -- number of points read in from the cumulation fre-
quency function for the weight of muck in one muck
car

LIL -- the variable which retains the numbers of the loco-
motives which were in the previous IL list

LL(I) -- the switch on which the ith locomotive is located

LLW(I) -- the number of the locomotive in the ith spot in
the LIL queue

LOAD(I) -- indicates the status of the ith train
LOAD(I) 0 indicates the train is empty
LOAD(I) 1l indicates the train is loaded

LOGPRT -- print option variable
LOGPRT = 0 indicates that the complete log of
operations is printed
LOGPRT # 0 indicates that only the summary of
the simulation is printed

LS(I) -- the variable which indicates the status of the ith
switch
LS(I)
LS(I)

0 indicates the switch is empty

l indicates the switch contains an empty
train

2 indicates the switch contains a loaded
train

3 indicates the switch contains both an
empty and a loaded train

[T 1]

LS(I)

LS(I)

LW(I) -- the number of the ith locomotive in the clock time
queue

LWTID -- indicates whether or not there is an empty train at
the loading point; LWTID = 0 indicates no empty train

MAD -- number of men available to be reassigned when a repair
activity is completed

MAN(I,J) -- the variable which stores the upper and lower limits
on the number of men assigned to each activity

I = 1 corresponds to the iower limit

I = 2 corresponds to the upper limit

J =1 to NBITS corresponds to the limits of
maupower for the replacement of the bits

J = NBITS + 1 corresponds to the limits of

manpower for the repair of the bits

J = NBITS + 2 corresponds to the limits of manpower
for the repair of the mole

J = NBITS + 3 corresponds to the limits of manpower
for the repair of the third (optional) equipment
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MANAW(I) -- the number of men assigned to the ith job

MAXSHT -- maximum number of shifts that the simulation is to
be run
MH -- variable which indicates which option was employed in

reading in the muck generation cumulative frequency curves
MH = 0 indicates the abscissa values are in terms of hours
MH # 0 indicates the values are in terms of the feet of

advance
MM -- grade section number which train NL is presently traversing
ML -- number of the locomotive currently being moved
MNBITL -- lower 1limit on the number of men required to repair
bits
MNBITU -- upper limit on the number of men required to repair
bits
MOTM =-- the time in minutes required for the hauling of the muck

generated by TEMSTR

MREST -- cumulative number of men who spent idle time during
the computer run

MSS(I) -- number of the locomotive occupying the ith switch

MTB -- number of men who are reassigned when a repair activity
is completed

NACF =-- the number of events to be simulated in the muck genera-
tion su:bsystem in addition to the events related to bit
replacement

NBITS -- the number of bits

NCARS =-- number of muck cars assigned to each train

NCF =-- total number of cumulative frequency diagrams read into

the muck generation subsystem

NCLAS(I) -- the number of points read in for the ith cumulative
probability function of the muck generation subsystem

THIRD1 -- cumulative time spent in doing the third event, minutes
NCREW -- the number of men in the crew

NDC -- number of points read in from the cumulative frequency
function for the dumping time

NEVENT -- the number of separate repair activities currently
being performed
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NL -- locomotive number presently being simulated

NLDL -- number of loaded trains waiting at the dumping station
to dump

NLDE -- number of empty trains at the dumping station

NLDL -- the number of loaded trains at the dumping point

NLOCO -- number of locomotives

NRBG -- the number of points read in from the cumulative

probability curve for the support function
NS -- the switch from which locomotive NL is moved

NCS -- number of points read in from the cumulative frequency
function for the time to switch trains behind the mole

NSCF -- the number of time-between-repair cumulative probability
functions read into the muck generation subsystem

NSDP -- number of sections of the haulage profile between the
dumping point and the tunnel mouth read into the
program

NSECS -- number of sections of the haulage profile within the

tunnel read into the program (after input, NSECS is
the number of sections in the tunnel profile at the
time of simulation)

NSW -- number of switching points currently in the haulage
system
NSHIFT -- the number of shifts simulated so far in the current
run
OTRD -- distance in feet that the train overtravels
PWT -- the time the continuous materials handling system can

operate before a breakdown, minutes

RADIUS -- radius of the tunnel, feet

REQMH -- required manhours of support work for one foot of
advance

REQTF -- required tractive effort, pounds

RESTMH -- cumulative number of idle manhours

S(1,J) -- speed of the ith locomotive at the jth point on its

characteristic curve

SAFT -- cumulative length of advance since the last value of
DELTH was added to HAUL
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| SCCTM -- the cumulative time in minutes to advance by TEMSTR

SGL(I) -- distance in feet from the ith switch to the inby
end of the track section on which the switch exists

SLEFT -~ distance in feet to the next switch point
SP -- former speed of the train, feet per second
SPEED(1) -- velocity of the ith locomotive, feet per minute

SSCC -- incremental time in minutes that a train waits for
the completion of another event

ST(I) -- the ith abscissa value read in from the cumulative
probability curve for switching time, minutes

STROKE -- stroke of the mole, feet

SWTTIM -- the cumulative delay time in minutes due to the
support subsystem

T(I,J) =-- tractive effort of the ith locomotive at the jth

point on its characteristic curve
Tl -- the time in seconds required to travel the distance Dl

T2 -~ time in seconds to reach the end of the present grade
section

TBELT1 -- operating time of the continuous materials handling
system, minutes

TBELT2 -~ delay time due to the continuous materials handling
system, minutes

TBELT3 -- downtime of the continuous materials handling
system, minutes

TBIT1 ~- cumulative working time of the bits, minutes
TBIT2 ~- cumulative idle time of the bits, minutes
TBIT3 -~ :umulative time the bits are under repair, minutes

TBIT4 -- cumulative time the bits are under replacement,
minutes

TBIT5 == cumulative time the bits are under inspection,
minutes

TDUMP (1) -- dumping time in minutes of the ith locomotive
during the last dumping cycle

TEMPWT -- the weight in tons of the portion of the material
remaining to be loaded in the current train
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TEMSTR =-- portion of the stroke which remains to be completed

TFT -- the number of feet the mole can advance before being
stopped

TFTA -- the incremental number of feet the mole is to be
advanced

THIRD) -- time the third (extra) subsystem spends working,
minutes

THIRD2 -- time the third (extra) subsystem spends in waiting,
minutes

THIRD3 -- time the third (extra) sybsystem undergoes repair,
minutes

TIMAX -- maximum clock time in minures that the simulation is
to be run

TIME(I) -- time required in minutes for the ith locomotive to
get from one switch to the next minus the value of
TPASS(1) or TSTOP(I1)

TLOAD(I) -- loading time in minutes of the ith locomotive when
it was last loaded, minutes

TLOCLl(I) -- cumulative time the ith locomotive spends in the
loading process, minutes

TLOC2(I) -- cumulative time the ith locomotive spends in the
dumping process, minutes

TLOC3(I) -- cumulative time the ith locomotive spends in
motion, minutes

TLOC4(I) -- cumulative time the ith locomotive spends waiting,
minutes

TMH -- manhours requir:d to advance by TFTA

TMOLEl -- cumulative working time of the mole, minutes
TMOLE2 -~ cumulative idle time of the mole, minutes

TMOLE3 -- cumulative time the mole is under repair, minutes

TNL -~ maximum length of advance of the tunnel in feet for
the simulation run

TOLIT -- the tolerance placed upon the repair starting times
in minutes; i.e., when one repair action is initiated,

the potential repairs are checked and are also initiated

if they are within the tolerance time of requiring
repair
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TPASS(I) -- time required for the ith locomotive to travel
through a switch without stopping, minutes

TPM -- the muck generation rate in tons per minute

TSEC -- the current length of the ith section which has been
driven and added to the variable HAUL

TSTOP(1) =-- time required for the ith locomotive to decelerate
and stop on a switch, minutes

TSUPPT =-- cumulative time expended for support activities,
minutes

TSW -- the time in minutes required to switch out the loaded
train at the loading point

TTM -- the time in minutes that the mole can advance before
being stopped

TUNNEL -- the length of tunnel bored to the present, in feet
from the portal

TV(1,J) -- the Jth time or other abscissa value read in from
the ith cumulacive probability curve in the main
program in units of feet or operating hours (for
a definition of the meanings of each of the values
of 1, see the variable CF(I1,3))

VELMAX -- maximum velocity allowed in the tunnel, feet per
second

WAITIM -- cumulative idle time of the muck generation sub-
system in minutes

WICAR -- weight in tons of each muck car while empty
WID -- cumulative weight of muck dumped, tons
WIG -- cumulative weight of muck generated, tons

WTIM -- the time in minutes to move an empty train to the
loading point

WTL(I) -- the ith abscissa value read in from the cumulative
probabiliry curve for weight of muck in a car, tons

WILDG -- the weight in tons of the load to be generated by TFTA
WTLOAD (I) -- weight of the muck in the ith train in tons
WTLOC(I) -- weight of locomotive i in tons

WIMUCK -- the weight of muck in tons to be loaded in one train

WITRN(I) -- weight in tons of the ith locomotive and its empty
cars
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WWIM ——incremental'time in minutes that a train waits for
the completion of another event

XX(I) -- the abscissa value as determined from SUBROUTINE
CALCUM

e LIS
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:} Computer Logic Diagrams

The Computer logic diagrams of the main program and
i two of the seven subrotines, SUBROUTINE MOTION and SUBROUTINE
TRANS, appear on the following pages. The remainder of
the subroutines are not represented in this section since
they perform relatively simple functions for which the
logic diagrams were considered unuecessary. The diagrams
{f presented are not intended to be a detailed flowchart of
all the calculatiors and manipulations that take place
in the computer program. Instead, they are meant to convey
! the macro logic of the simulation and way that it fits

together in the model. Most of the variables which appear

1 in the logic diagram are identified in the previous section
of this Appendix. In the logic disgrams, two types of
offpage connectors are used. The connectors appear as
small circles with numbers or letters enclosed. Connectors
containing numbers indicate the actual program statement
at which the connection is to be made. This gives the reader
one extra bit of help in following the program using the
logic diagram. The connectors containing letters are those
for which no exact statement number to which the program

proceeds could be named.

A RUUREIGEI—— e B ey BT LA FEAD AORTTA, 4
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MAIN PROGRAM
1 on

| READ DATA FOR
MAIN PROGRAM

l

INITIALIZE VARIABLES

l

CALL CALCUM

$

CALL TRANS

CALCULATE ADRT

= 1 DS R P T AT T LTI A T

CALL MUCK
TEMPWT = WTMUCK

TEMSTR = STROKE

! FIND SHORTEST LI
’ DETERMINE NEVENT,
TTM, TFT, TMH

) o

o=

o §

3
e e b

CALCULATE TTM,

TMH, WTLDG, TFTA

CALL SUPPRT

SCCTM=0.0

&
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MAIN PROGRAM (CONT'D)

[ twrio= o0

[cALL TRANS|

DETERMINE CTIME,

ICYCLE
£Q.0

FTAD = TEMSTR

{

CALL TRANS

(=)

RTINS FETTRNAS
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TBIT2, TMOLEZ2,
THIRD2

|

TEMPWT:=TEMPWT-WTLDG
FIND LOCO JJ AT NSW
COUNT TLOC1{JJ),CTLOC(JJ)

w

TEMPWT=0.0

ILWTID=ILWTID +1

IDLOAD=0

WTLDG=WTLDG-TEMPWT
TEMPWT =0.0
ILWTID=ILWTID+1
IDLOAD=0O

1

CALL TRANS

CALL TRANS|

NO

CALL MUCK

1

TEMPWT = WTMUCK

CALCULATE SHFTMH
NSHIFT=NSHIFT +1
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MAIN PROGRAM (CONT'D)

)

CALCULATE SHFTMH, TUNNEL.,
TBIT1, TMOLE 1, THIRD]1,
CTIME, AVAMH

FIND SWTTIM,
SHFTMH, NSHIFT

TFT=TFT~- TEMS"R

CALCULATE TSUPPT]
TEMSTR= STROK/

-4

LOGPRT

‘€Q. O

PRINT BORING
INFORMATION

DETERMINE BINSMH,
CTIME, TMOLE2, THIRD2

YES

PRINT BIT
INSPECTION DATA

DETERMINE KOUNT

-

S i ta
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MAIN PROGRAM (CONT'D)

KOUNT REPLACE BITS

LOGPRT
‘EQ.0

PRINT BIT
REPLACEMENT DATA

] ;‘

. XX(1)= XX(1)-STROKE

g A
| o= [CALCULATE xx(1)]

CALCULATE ADRT

1

NO
YES CALL MUCK

CALCULAT
TTM, TMH
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MAIN PROGRAM (CONT'D)
7N\

CALCULATE WTLDG
L SCCTM=0.0

f FTAD = TFT
[CALL TRANS |
LWTID=0 @
¥ LWTID= 1
CALL TRANS
DETERMINE CTIME,
THIRD2, TMOLE2
TBIT2
% WTLDG- -
‘ TEMPWT
WDLDG=WTLDG- TEMPWT TEMPWT = TEMPWT -WTLDG
TEMPWT = 0.0 Q FIND Loc? JU AT Ngw
: FIND TLOC1(JJ), CTIME (JJ
||.w1'||gl_o|kgv=r<|)o+1 e W05 0 ), C (W)
ILWTID= {LWTID +1
IDLOAD= 1
[CALL TRANS] 369
CALL TRANS
IDEOS \\YES /...
EQ. 1 5::’)
CALL MUCK
‘ CALL MUCK
TEMPWT = WTMUCK
]
—— { TEMPWT = WTMUCK

=)
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MAIN PROGRAM (CONT'D)

359
SHFTMH ~_ - CALCULATE SHFTMH
=THH NSHIFT = NSHIFT +1
o7+

FIND SHFTMH, TUNNEL, TBIT1
TMOLE!, THIRD1, CTIME

1

CALL SUPPRT

|

CALCULATE AVAMH

xe REOMH + -] FIND SWTTIM,
=AVAMH SHFTMH, NSHIFT

.- CALCULATE TSuPPT,
ADRT

CaLL MUCK

PRINT BORING
INFCRMATION

FIND ITEM

== CREATE IXR ARRAY
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MAIN PROGRAM (CONT'D)

DISTRIBUTE MANPOWER

CALCULATE SHFTMH
NSHIFT = NSHIFT +1

R

é‘ﬁkss

FIND SHFTMH,
WORK(I), ACTIM(I)
ACT(I), CTM(1)

PRINT REPAIR DATA

LOGPRT g
=1+

FIND CTIME, TBIT3, TMOLE3

THIRD3, TBIT2, TMOLEZ2, THIRD2
XX(1)= xXX(1)-XX(ITEM)
CALCULATE XX(ITEM)

IEQ_ YES

INSPECT BITS

MOLE
MO

[TEMSTR=TEMSTR=TFT

I TEMSTR= STROKE

NO” iLT: i
KRUIR) |
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MAIN PROGRAM (CONT'D)

TUNNEL

MAXSHT

SNSHIFT

o PRINT: TERMINATED

BY TNL

@

O

PRINT: TERMINATED
BY MAXSHT

PRINT: TERMINATED
BY TIMAX

¢

PRINT SUMMARY
DATA

!

IDEOS =1

!
CALL TRANS
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SUBROUTINE MOTION

1

REVERSE

G(1), o(1), bps()

|

LOADINL
EQ.0

FIND SGL(I). mss(l)

INITIALIZE TIME(NL). TSTOP(NL)
TPASS(NL), DSTOP(NL)

A{m\

REVERSE NS

\”“;51f?f’f;

FIND SLEFT GLEFT, MM

CALCULATE FRFC,
GFC, REQTF

CALCULATE AVATF,
ACCFC, ACCR

o

DETERMINE

71, DY

YES

66



SUBROUTINE MATiON (CONT'D)

1

ADEC =-ACCR
FIND KX
CALCULATE 71D, DD

<_®©

~ FIND NEW
VALUE OF ACCR

h &

ADEC=-ACCR

CALCULATE TD, DD

y———- ACCR
/

ACCR-
ACCMAN

o7+

FIND D1, ™

{ 15

ACCR=ACCMAX

FIND DO, TD

_J

'l‘
DETERMINE
o1, T

151

67
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SUBROUTINE MOTION (CONT'D)

|
ACCR- +
ACCMAX |
& ACCR=ACCMAX

FIND D1, T
FIND D2,T2
Di- +
p2 0
D1=D2
_ SPEESINL)
SP = SPEED(NL
SPEED(NL)=S(NL, KK+1) SPEED(NL)=SP+ T1#ACCR

N

CALCULATE DSTOP(NL)
| DISTR(NL), TIME(NL)
‘ GLEFT, SLEFT

|

MM :=MM+1§
CALCULATE
GFC, REQTF

68
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SUBROUTINE MOTION (CONT'D)

!

SPEEDINL)= VELMAX
CALCULATE DY, T!
TIME(NL), DISTR(NL)

— .~ DSTOP(NLIN_ +
Qm
154

lk

CALCULATE
TSTOP(NL), TPASS(NL)

f)

GLEFT = SLEFT]

—

T 't

SPEED(NL)=VELMAX

()

DETERMINE
SLEFT, OTRD

ACCR

CALCULATE T, DI
TPASS(NL), TSTOP(NL)

FIND AVATF

1

CALCULATE T1, DI,
TPASS(NL), TSTOP(NL)

FIND NEW
SPEED(NL)

REVERSE DS(I)
G(I), 0(1),NS
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SUBROUTINE TRANS

START
ICYCLE \_YES IDEODS “_ ND
EQ.0 EG 1
NO YES
§99
PRINT SUMMARY je—YES~" IDEDS
EQ. 1
IDEOS=1
ILDC=0, ILC=0
LC(1)=0 |
ILs YES READ INPUT
‘EQ.O DATA
NO INTTIALIZE VARIABLES
COUNT NSW
LOCATE TRAINS
e YES ~ILWTID
€0, 1

CALL LOADNG NO @

}

IDLOAD= 1 LWTID s _NO e
COUNT SAFT, SCCTM £0.0

CTLOC(NL), WTG,

WAIT TIMES vES

CALL MOTION SO —
‘ IL=0

TLOC3(NL)
CHANGE LL(NL), LS(NL) cTLoc()

LiL=LIL-1
REMOVE
LLW(NL)

0 |PRINT
LOGPRT MOTION
DATA
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SUBROUTINE TRANS (CONT'D)

CALCULATE CAPMH
TPM, MOTM

1

CALCULATE DIFTM,
MOTM, CTIME,
SHFTMH, NSHIFT

READ INPUT
DATA

!

INITIALIZE
VARIABLES

!

CALCULATE
PWT, SPWT
—

'S

MOTM = MOTM -SPWT

FIND TBELTY
SPWT=0.0
CALCULATE DOWNMH
FIND TBELT3
FIND NEW SPWT

SPWT =SPWT-MOTM
FIND TBELT!

|HANDLING SYSTEM

=)

PRINT SUMMARY
OF CONTINUOUS

O

&

71
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SUBROUTINE TRANS (CON?'D)

5

LOAD(NL\YES

® <&

NO

LS{NS YES NS EQ YES
EQ.1 NSW
OorR 3
YES
ves @ YES (®)

FIND INLC

COUNT CTIME FIND LOCO II
DISTR(NL), TLOC3(NL) AT LS(NS-1)

ILC=ILCH+1
LC(ILC)=NL CALL MOTION
D =1

COUNT CTLOC(NL)
TLOC3(NL)
CHANGE LL(NL)
LS(NS ILC=ILC+1
LC(ILC)=NL
IDLC=1

(=5

PRINT MOTION
DATA
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SUBROUTINE TRANS (CONT'D)

LS(NS)=

LS(NS)+1
LS(NS)~-1
| S
LS(NS)=
LS(NS)+2

CALL DUMP

|

COUNT CTLOC(NL),
TLOC2(NL)
CHANGE NLDOL,
NLDE, IDL(NL),

IDE(NL)
YES
FIND
CTLOC(IL), o
TLOC4{IL)

COUNT CTLOC(JJ),

r TLOC4(W)

COUNT LIL fL
REMOVE IL - 2
LW(IL) "?ﬂ @

L

IDEOS =1
PRINT: TERMINATED
BY TIMAX
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DLy &8

PRINT
MOTION
DATA

SUBROUTINE TRANS (CONT'D)

CALL MOTION

{

CHANGE LL(NL),
LS(NS)
FIND CTLOCSNL),
. TLOC3(NL

FIND LOCO 1]
AT LS(NS-1)

DETERMINE SSCC,
CTLOC(NL), TLOC4(NL)
ILC=ILC+1

YES

o

IDETERMINE ILC,
CTLOC(vY),
| TLocal)

&

14
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SUBROUTINE TRANS (CONT'D)

FIND LOCO Il
COUNT CTLOC(NL) AT LS(NS-1)
DSTOP(NL), TLOC3(NL)
CALL MOTION NO
COUNT CTLOC(NL)
TLOC3(NL() )
CHANGE LL(NL), ILC=ILC+1
LS(NS) LC(ILC)=NL
IDLC=1

PRINT MOTION 129
DATA

YES FIND CTLOC(NL)
129 DISTR(NL), TLOC3(NL)
CHANGE NLDL, IDL(NL)

COUNT CTLOC(NL)
TLOC4(NL)
CHANCE IL TOLIL
CHANGE IL
TO LIL ‘ @
COUNT CTLOC(JJ)
TLOC4(JJ)
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| SUBROUTINE TRANS (CONT'D)

DETERMINE
CTLOC(LIL)

ig ILWTID

01 ANDNYES
4 NL LT.
i NLOCO

CTTM=CTIME
+SCCTM
FIND ILC

|

FIND CTLOC(NL),
TLOC2(NL)

CHANGE NLDL,

IDL(NL), NLDE,

| DE(NL), LS(NS)

300

1#I1LC

i { ‘

| ] FIND NL FOR
SMALLEST CTLOC(I),

]
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SUBROUTINE TRANS (CONT'D)

DETERMINE ,

o I WTIM DETERMINE GTLOG(NL),
| — DISTR(NL), T:.OC3(NL)

YES IL
Q.0

INCREMENT
HAUL, TSEC,
DMS

NO

DETERMINE
CTLOC (NL
TLOCH NL]

@)

IDLOAD =Y

L CHANGE
— b
CALL LOADNG NIW, DS

‘ CALCULATE
FIND SCCTM, WWTM
CTLOC(NL), TLOCH(NL)

SAFT, WTG
CHANGE LS(NS

TSEC
-DD

o[+

CHANGE
- NSECS,

D(NSECS)

FIND CTLOC(NL)

~ TLOC4(NL)
DETERMIN
CTLOC(NL) YES
CTLOC(JJ) b
300 TLOC4J) |
- DETERMINE
CTLOC(JJ)
TLOC4(JJ)

S
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SUBROUTINE TRANS (CONT'D)

&

FIND CTLOC(NL),
DISTR(NL), TLOC3(NL)

NO

YES

=)

IL=IL+Y

1

FIND SMALLEST
cTLoc(1)
1ZIL

200

IDLC=0
CALCULATE SScCC

DETERMINE
CTLOC(NL)
TLOC4(NL)

DETERMINE TLOC4{JJ) ]|
CTLOC{JJ) i
CHANGE IL TO ILC

¢
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YES

()

SUBROUTINE TRANS.(CONT'D)

KO

FIND LOCOII
ON LS(NS+1)

O

YES

NO_~LS(NS+I)

:EQOOR1
.

CHANGE
NLDE,IDE (I)

!

CALL MOTION

1

FIND SSCC
TLOC4 NL.;,
CTLOC(NL

ILC=ILC+NL

FIND CTL(?C(NL),
TLOC 1(NL)
CHANGE LL(NL),
LS{NS)

YES

DETERMINE
ILC,CTLOC(I)

340

PRINT MOTION

= 0 DATA

FIND CTLOC(J4),
TLOC4(JJ)

&
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The Computer Program

The computer model which is presented on the following
pages consists of a main program and seven subroutines.
The jobs performed by the individual subroutines are explained
by the comment cards located at the beginning of each subroutine
deck. The program was written for the Univac 1108 in standard
FORTRAN IV and should be rarher easy to transfer to other
machines since fewmachine dependent statements were used.
One aspect of the program which may need attention is the
random number generator. The Univac 1108 used at the Univer-
sity of Utah uses the function RAND(N) to assign a random
number uniformly distributed between zero and one to any
variable. For example, the statement Y=RAND(N) will result
in a random number between zero and one being assigned
to the variable Y. Users wishing to use the program will
have to check the random number function for their machines
and, if necessary, replace all the statements calling random

numbers with statements specific to their own machines.



e e ot et P el 01 i e et

L
e d

TR R RN AT e s

s e S T AT

81

DIMENSTON IXRK (203 0 IXA(20)

OIMENSTON MAN(120,2), XX(120), IX(120), IXR(120), XIXR(20),
BMANAW(24) » ACT(2D)» LuG(20C), WORK(20) » CTM(20), JON(20)
P IBIT(N), ACTIM(20)

COMMO Y wTMUCKoWTTM'NLUCOOTMUCAOKMAXoNCARS'LCLASoNUCoACCMAX.
bVELMAX.UECEL.NSCoLloAFTpHAULpNSECS.NSW.WTCARoFCARvTPMoAuHr.

$CR0$EC:GAMMA.CTI“E0LWIIDoTTM'INLoTIMAX.NRHGoILSo
bCFR(lJ)oFTA(l&)vNCLAS(IZO)'LL(ld)oCTLOC(IU)oTLOCI(lo)oNTLOC(IO)o
bFLUCO(IU)oG(IOO)oD(IOO)oDS(QO)'WTLOAD(lo)'SPEED(IU)oLUﬂD(lo)o
bDlSTR(lu)vTIML(lG)oTSIOP(IO)oIPASS(IU)oWTTPN(lu)oCFL(lé)oCFU(lJ)o
5CT(13)0WTL(13)oDSTOP(lO)oST(lJ)oCFS(13)oTLOAD(lO)oTDUMP(IU)o

b CF(ldOolB)vTV(120013)0T(10030)05(10'30)0LS(20)01LWTID
boIDLOAUoSCCTMoTBITEOTMOLanTHlROEoDELTHvIQEOSOTNLT
$pFTADoTM0LEloTBZTloTHlRDloNCR;WoSHFTMHoHRPSH'NSHIFToIMANoICYCLE

RLAD IM CONTROL CAKDS

([N N e

READ 94, NRBG
M FOMAT ( 15)
READ 92 ( CFR(I)» FTACI)» I=Z1,NRBG )
93 FORMAT ( 2F1045)
READ 95, RADIUS » GAMMA
S5 FORMAT (¢ 2F10,3)
CROSEC:S.14159*RADIUS*RADIUS
READ 960 NBITS, NACF, NCREW» ICYCLE
90 FORMAT ( 411y)
REZAD 97, TIMAXs TNLo MAXSHT
97 FORMAT ( 2F15,4, 110 )
READ 9Rs LOGPRT, Mij
98 FORMAT ( 2I5 )
ReAD 999 CTIMe, TUNNELy HRPSH, TOLIT
99 FORMAT ¢ 4F19,3)
RLAD 10y, BINSMHoSTROnEoINSPM
167 FORMAT ( 2F10,3,15)
NSCFNBITS*2 + NACF
NCFINSTTS*2 + NACF#2e)

aRaN e

INITIALIZE THE VARIABLES

DO 101 I=1/NCF
LG 102 uJ=1,2
402 MAN(I,yJ)=0
DO 101 u=1,13
CF(ToJ)=0,u
131 TV(Isu)=n.0
MREST=0
RESTMH=ZU, 0
WAITM=0,0
NOHIFT=v
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TITl=n,0
TulT2=n,"
TuHlT3zC.0
THIT“;0.0
TeiThz0.0
THMOLElzv,eu
THOLEZ=U,0
TMOLES:U.O
THIRD1=V, U
TniRle=vu,0
THIRLY=Y,C
ID=190
ILS=0
ILNTIzv
TuEdS=zo
SWTTImM=0,0
TS5UPPTI=9,0

RLAD IM CUMULATIVE PRUBAJILITY FUNCTIONS

DO 103 L=1oNCF

READ 104y NCLAS(I)

FORMAT ( I10)

Nu=NCLAS (1)

DO 110 J=1rNy

ReAD 105 CF(Led) e TVIINJ)
FQRMAT ( 2F10.5)

CONTINUE

KEAD IN THE UPrPER AND LOWER LLIMITS OF NUMBER OF MEN
REQUIRED FOR EACH ACTIVITY

MAN(I»1)=LOWER LIMIT

MAN(I 7 2)=UPPER LIMIT

READ 1Cor MNBITL MNBITU

H1IZNBITS

00 107 I=1rN1

MAN(I»1)=MNBITL

MAN(L»2)=MNBITU

FORMAT ( 21190 )

Nez=iNl*2+1

NOSNS(F=1

REALD 109 ((MAN(TIed) e Uu=10e2)e L=N2:N3)
FORMAT ( 1215)

CALL SUBROUTIWF CALCUM TO OBTAIN ABSCISSA VALUES CORRESPONDING
TO CF(1) = RAND
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DU 150 L1=1/NCF
ICF=1

CALL CALCUM(ICFoX)

OOXX(I)=X

COMPUTE MANHOQURS AND WUMBER Or MEN AVAILABLE FOR 1HE SHIFT

NSHIFT=NSHIFT+1
SHFEFTMH=HRPSHANCRE W
IMANSNCREW

Il WANTEDe PRINT LOG UF OPFRAIIONS

Ir (LOGPRT) 9954160995

PRINT 161

FORMAT ( 1H1, ' *%*x4L00 OF OPSKATIONS**%x%%' //)

FURMAT ( 1HO0,* CLOCK 1IME*y»5Xs "COMPLETED EVENT 993X, ' MAN HOUR'
b SXe *TUNNEL LENGTH' )

SEARCi1 FOR THr. SHORTEST LIFE UF TiE UNIT IN THE SYSTEM

IF ¢ IS «NE, 0 ) 60 TO 89
CALL TRANS

CUNTINUE
ILS=ILG+1

ALRT=XX (NSCF)

XX (NSCF)=XX(NSCF) /60,0

IF ¢ ICYCLE ,£Q, 0) GU TO 829

CALL wt'CK

TEMPWT=WTMUCK
TEMSTR=STRCKE

INSNSCF=-1

ILI=Np I TS*2+2

MoNBITG*2+1

KK=M

DO 179 1=:L1,IN

IF € XX(I) oLTe XX(M)) M=1
ITEM=M

CUUNT NUMBER OF EVENTS HAVING THE SAME LIFE

ICOUNT=vu
LLL=ITFM=1
MMZTITEM+1
SASXX(ITEN)
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I ( iTEM +EQ. KK } GU TO 31y
DO 311 I=KK,LwLL

XISXX(T1)

DIF=ABS (SX=X1)

IF ( CIF +6T, TOLIT ) GO 10 31l
ICOUNT=ICOUNT+1

IISICUUNT+])

IX{(II)=1

CONTINUE

IF ( 1TEM +E@, IN ) GU TO 315
DU 312 Jz=MMyIN

XI=XX{J)

DIF=ZABS (SX=X])

IF ( UIF +6GT, TOLIT) 6O TO 31
ICOUNT=ICOUNT +1

IIZICOUNT+1

Ix(I1)=J

CONTINUE

CONTINUE

NEVENT..ICOUNT+1

IX(1l)=ITEM

COMPUTE THE TIME FOR AUVANCINo AND THE DISTANCE TO BE ADVAMNCED

IF (MH) 355,356,355
TTMZAX (IYEM)
TFT:XX(NSCF)*XX(ITEM)
Gu TO 257

> TET=XX(1TEM)

Tf4:XA(ITEM)/XX(NSCF)
THH=TITMRNCREW /60,0

COMPARE TFT WITH STROKE
IF ( TFT=TEMSTR) 350,352,352
ADVANCE BY TEMSTR ( CASE OF TEMSTR (LT,TFT )
TIM=TEMSTR/ XX (NSCF)
TMH=TTVMxNCREW/60.,0
WTLDG=CROSEC*TEMSTR *GAMMA/20,0, 9
TEFTASTEMSTR

CALL SUPPRT(TFTAREQMH)

SLCTM:”.Q

IF (ICYCLE oNE. ) GO TO 760
FTAD=TEMSTR

CALL TRANS
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GU TO 413

IF ( LS(NSW) ,,EQe v «ORs LS(SW) EQs1) GO TO 751
LwTID=1

GU TO 792

LATID=0

CALL TRANS

CVIME=CTIME+WTIM
TMOLE2=TMOLE2+WTIM
TolT2=T3IT2+WTIM
THIRD2=THIRD2+WTIM

IF { WTLDG=TENMPWT) 753:,754,75,
TEMPWTI=TEMPWT=WTLDG

DO 756 I=1rNLOCO

IF ( LL(I) JEGs NSW) GO TO 75¢
PRINT 758 ‘

FORMAT ( 1HO, 'LOADING WAS ATTLMPTED WITHOUT EMPTY TRAIN AT LOADING
b POINTY)

STOP

JJ=1

CTLOC (UJ)=CTLULC (JJ) +TMUCK
TLCCL(JUJ)=TLOCL (JJ) +TMUCK

GO TO 413

TEMPWT=u,0

ILWTID=ILWTID+1

ILLOAL=U

CALL TRANS

IF ( ICEOS JEwe 1) GO TO 520
CALL MUCK

TZMPWT=wTMUCK

GO TO 413

NTLOG=WTLOG=TELMPWT
TEMPWT=0.C

ILWTID=ILWTID+L

IVLOAD=V

CALL TRANS

IF ( IDENS LEQ., 1) GO TO S20
CALL MUCK

TEVMPWT=WTMUCK
GC TO 760
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CHECK TO SEE IF THE AUVANCE CAN BE COMPLETED IN THE SHIFT

IF ( SHFTMH=TMH) 411,412,412
SHF TMH=SHF TMH+NCREW*HRPSH
NSHIFT=NSHIFT+1

GO TO 413

SHF TMi iIzSHF TMH=TMH
TUNNEL=TUNNEL +TEMSTR
TOITI=TITl+T ™
TMOLEL=TMOLE1+TTM
THIRDI=THIRD1+TTM
CTIME=CTIME+TTM
AVAMH=TTM*2,0/60.C

IF ( REQMH=AVAMH) 83%,835,826
WTTIM= ((REQMH=AVAMI{) /. o 0) %60, u
SWITIM=SWTTIM+WTTIM
CTIME=ZCTIME+WTTIM
TEIT2=TUIT2+WITIM
TUMOLE2=TMOLE2+WTTIN
THIRDZ2=THIRD2+WTTIM
MREST=MREST 4+ (NCREW=, )
RESTMH=RESTMH+WTTIM#% (NCREW=2) /0040
WAITHMzZWATITM+WTTIM
WTTMH=WTTIM&NCREW/60,0

IF ( SHFTMH=WTTMH) 830,832,832
SHF TMH=SHF TMH+NCREW*HRPSH
NSHIFT=NSHIFT+1

GO TO ave

SHF TMH=SHF TMH=WT TMH
TSUPPT=TSUPPT+TTM+WTTIM

Gu TO r91

TSUPPT=TSUPPT+TTM

CONT INUE

TFT=TFT-TEMSTR

TEMSTR=STROKE

IF (LOGPRT) 481,480r401

PRINT jo2

PRINT 262¢ CTIMEs» TMHs» TUNNEL

INSPEECTION

IF (IMAN=INSPM)IUS0,451,451
MREST=IMAN+MREST

RESTMH=SHF TMH+RESTMH

IF ( IMAN +EQ, 0) GO TO 892
WAITM:WAITM+(SHFTMH/IMAN)*6U.u
CTIME:CTIME+(SHFTMH/IMAN)*60.0
NSHIFT=NSHIFT+1

SHF TMH=HRPSHxNCRE W

IMANSINCREW

IF (SHFTMH=BINSMH) 452/,4539459
SHFTMH:SHFTMH+NCREN*HRPSH

86
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NSHIFT=NSHIFT+1

SHF TMH=SHF TMH{=R INSMH
TBINSP=(BINSMH/INSPM )%60,0
TBITS=TSITS+TUINSP

CTIME=CTIME+TBINSP

TMOLE2=TMOLE2+TRINSP
THIRD2=THIRD2+TRINSP

MREST= (NCREW=INSPM) +MREST
RESTMH=RESTMH+ (NCREW=~LINSPM) *TuINSP/6040
IF (LOGPRT) 483,482,403

PKINT 162

PRINT 484oCTIME, BINSMI{» TUNNEL

FORMAT (1H » F1043» SXo' BIT INSPECTION '» 3XeF10¢3s 3%, F10.3)

COUNT NUMBER OF BITS TO BE REPLACEDe IF ANY

KQUNT=0

IF ( IU +EQ, 1) GO TO 668
TOLSTR=STROKE+TOLIT

GO TO 609
TULSTR=STROKE=TEMSTR4+TFT+TOLI1
DO 415 I=1eNBITS

IF (M) 416,417,410
XX(I)=XX(I)*XX(NSCF)

IF ( XX(I) .67, TOLSTR ) GO Tu 415
KOUNT=KOUNT+1

KSKOUNT

ILIT(K)=I

CONTINUE

REPLACE BITS, IF ANY

Ir { KOUNT (EQs O ) GU TO 430

DO 420 I=1sKOUNT

ITEMZIRIT(I)

IF ( IMAN=MAN(ITEM»1)) 421,4220423
IF ( IMAN=MAN(ITEMs2)) 4224220424
IMANZ IMAN+MANWK

MRESTSIMAN+MREST
RESTMH=RESTMH+SHF TvH

IF ( IMAN +EQ, 0) 4O TO 893
WAITMzWAITM+ (SHFTMIH/ TMAN) %60, v
CTIMESCTIME+ (SHFTMH/IMAN) *60,u
NSHIFT=NSHIFT+1

SHFTMH=HRPSHxNCREW

IMANSNCREW

MANWK=MAN(ITEM»2)
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IMAN= IMAN=MANWK
GO TO 425

422 MANWK=IMAN
IMANZ=Q

425 ITEMH=ITEM+NBITS
BMH=XX ( ITEMH)

429 IF (SHFTMH (LT, BMH) 60 TO 428
ACTM= (BMH/MANWK ) %60+ 0
TUIT4=TBITH+ACTM
CTIMEZCTIME+ACTM
TMOLE2=TMOLE2+ACTM
THIRD2=THIRD2+ACTM
SHF TMH=SHF TMH=BMI
IF ( LOWPRT) 420,485,420

485 PRINT 162
PRINT 486+ CTIMEs» BMH» TUNNEL,ITEM

436 FORMAT (1H » F10+43¢5Xs*' BIT REPLACING '+ 3X» Fl0e3» 3X» F10.30

$ 3X,'BIT NO,vy I3, 2X»'REPLACED')
ke CONTINUE

SUBTRACT STROKE FROM BIT LIFE

430 CONTINUE
IF ( ID NE, 1 ) GO TU 670
AA=(STROKE=TEMSTR} +TFT
GO TO 6171

57¢ AA=SSTROKE

671 DO 431 I=1/NBITS
IF (M (NEe 0) GO TO 432
AA=AA/ XK (NSCF)
GO TO 431

432 AA=AA

431 XX(I)=XX(I)=AA

REPLACE BIT LIFE OF BLT REMCVED WITH A NEW LIFE

IF (KQUNT +EQ., 0) GO TO 438
DO 435 I=1,KQUNT
ITEM=IRIT(I)
ITEMH=TTEM+NBITS

CALL CALCUM(ITEMH»X)
XX(ITEMH) =X
CALL CALCUM(ITEM»X)

v 35 XX(ITEM)=X

438 IF ( ID NE, 1) GO TO 577
Iu=lD+1
TEMSTR=STROKE
GO TO 998

277 ICF=NSCF
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CALL CALCUM ( ICF,X)

XX (NSCF) =X

AURTZXX (NSCF)

XX (NSCF)=XX(NSCF)/60,u

IF ( ICYCLE ,EQ, 0) GU TO 838

CALL MUCK

TTM=TFT/XX (NSCF)
TMH=TTMANCREW/60,0

IF { TNL-TUNNEL) 950,950,951
IF ( MAXSHT=NSHIFT) 952,952,953
IF ( TIMAX=CTIME) 954,954,987
PRINT 547

GO TO 520

PRINT S12

GO TO 520

PRINT 513

GO TO 520

COMPLETED INSPECTION AND REPLACING OF BITS
ADVANCE BY TFT (CASE UF TEMSTR ¢GE, TFT)

CONTINUE
TFTA=TFT

IF ( TFT ) 771+365,771
WTLDG=CROSEC*TFT*GAMMA/2000,0
SCCTM=0,0

IF ( ICYCLE ,NE, 0) GU TO 710
FTAD=TFT

CALL TRANS

GV TO 369 '

IF ( LS(NSW) ,EQe 0 LOR. LS(NSW) EQe1) GO TO 701
LWTID=1

GO TO 702

LWTID=0

CALL TRANS

CTIME=CTIME4WTIM
TMOLE2=TMOLE2+WTIM
TBIT2=TBIT2+WTIM
THIRD2=THIRD2+WT IM

IF ( WTLDG=TEMPWT) 703,7G%:705
TEMPWT=TEMPWT=-WTLDG

DO 706 I=1¢NLOCO

IF ( LL(I) +EQe NSW) 60 TO 707

ey

89
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PRINT 7908

703$Fgg¥£¥ ; 1HO, 'LOADING WAS ATTEMPTED WITHOUT EMPTY TRAIN AT LOADING
.

STOP
707 JJ=1

CTLOC (JJI=CTLOC (JJ) +TMUCK

TLOC1 (UJ)=TLOCL (JJ) +TMUCK

GO TO 369
704 TEMPWT=0,0

ILWTID=ILWTID+1

IDLOAD=0

CALL TRANS
IF ( IDEOS «EQ. 1) 6O TO 520
CALL MuCK
TEMPWT=WTMUCK
60 TO 369
705 WTLDG=WTLDG=TEMPWT
TEMPWT=0,0
ILWTIO=ILWTID+1
IDLOAD=U
CALL. TRANS
IF ( IDEOS +EG, 1) GO TO 520

CALL MUCK

O O O o

TEMPWT=wTMUCK
60 TO 710

CHECK WHETHER THE PROJECTED BORING CAN BE DONE IN THE SHIFT

369 IF (SHFTMH=TMH) 358359359

358 SHF TMH=SHF TMH+NCREW*HRPSH
NSHIFT=NSHIFT+1
G0 TO 369

359 SHF TMH=SHF TMH=TMH
TUNNEL=TUNNEL +TFT
TBITLZTSITI+TTM™
TMOLE1=TMOLE1+TTM
THIRD1=THIRD1+TTM
CTIME=CTIME+TTM

CALL SUPPRT(TFTA»REQMH)
AVAMH=T TM*2. 0 /600 0

IF ( REWMH=AVAMH) 865,865,866
866 WTTIM=((REQMH~=AVAMH)/2,0)%60,0
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CTIME=CTIME+WTTIM
SWTTIM=SWTTIM+WTTIM
TBIT2=T3IT24WTTIM
TMOLE2=TMOLE2+WTTIM
THIRD2=THIRD2+WTTIM
MREST=MREST + (NCREW=2) :
RESTMH:RESTMH+WTTIM*(NCREW—Z)/ﬁOoO
WTTMH=WTT IM&NCREW/60, 0

894 IF ( SHFTMH=WTTMH) 860,862,862

860 SHF TMH=SHF TMH+NCREW*HRPSH
NSHIFT=NSHIFT+1
GO TO 834

862 SHF TMH=SHF TMH=WTTMH
TSUPPT=TSUPPT+TTM+WTTIM
GO TO 895

865 TSUPPT=TSUPPT+TTM

895 CONTINUE

CALL CALCUM(NSCFsX)

XX (NSCF) =X

ADRTSXX (NSCF)

XX (NSCF)=XX(NSCF) /60,0

IF ( ICYCLE ,EQ, 0) GO TO 837

CALL Muck
d37 IF (LOGPRT) 361,360,361

360 PRINT 102
PRINT 362+ CTIME» TMH, TUNNEL

362 FORMAT (1H »F10,3, SX, ! TUNNEL BORING ', 3X, F10,3,3XyF10,3)

DETERMINE REPAIR TIME

361 DO 370 K=1/NEVENT
MZNBITSx2+1
N=NSCF=1
JCOUNT=0
ITEM=IX(K)
DO 365 J=MyN
JCOUNT=JCOUNT+1

365 IF(ITEM EQ, J) GO TO 366
PRINT 367, ITEM

91

567 FORMAT (* EVENT NUMBER = +, IS+ 'COULD NOT BE FOUND IN CF(I,J) ARR

$AY» SO RUN STOPPED')
STOP

366 IRINSCF+JCOUNT

370 IXR(K)=IR

START REPAIRS .
MAKE AN ARRAY OF IXR(I1) IN DECENDING ORDER

akrrmany

PTG
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’ IF ( NEVENT LEQ, 1) 60U TO 371
DO 372 I=1/NEVENT
IRSIXR(I)
372 XIXR(I)=XX(IR)
NASNEVENT=1
DO 373 J=1/NA
Mz=J
MA=J+1
DO 374 K=MA,NEVENT
| 374 IF (XIXR(K) 6T, XIXR(M)) M=K
. TEMP=XIXR(J)
XIXR(J)=XIXR (M)
i§ 373 XIXR(M)=TEMP
i MKL=IXR(1)
DO 840 KL=2/NEVENT
IRSIXR (KL)
IF ( XX(MKL)=XX(IR)) 840,371,840
840 CONTINUE
DO 375 [=1/NEVENT
‘ - IRZIXR(I)
iv DO 376 J=1¢/NEVENT
IF (XIXR(J)=XX(IR)) 37613774376
= 376 CONTINUE
377 IXRR(J)=IR
375 IXX(J)=IR=(NSCF=NBITS*2)
= DO 645 1=1/NEVENT
}g IX(I)=IXX(I)
b 645 IXR(I)=IXRR(1)

c
i 371 ISUM1=0
P ISUM2=0
c
] ¢ TO DISTRIBUTE MEN TO CREWS, THE BIGGER JOBS ARE ASSIGNED
! C MANPOWER FIRST

e

DO 380 I=1¢/NEVENT
ITEM=IX(I)
ISUMI=ISUMI+MAN(ITEM, 1)
380 ISUM2=ISUM24MAN(ITEM,2)
DO 500 KK=1,NEVENT
IRSIXR(KK)
ITEM=1IX(KK)
I=KK
: IF (IMAN=ISUM1) 3810,382/,383
383 IF ( IMAN=ISUM2) 381,384,384
382 MANAW(I)=MAN(ITEM,1)
GO TO 395
384 MANAW(I)=MAN(CITEM,2)
GO TO 395
381 IF (IMAN=MAN(ITEM,»1)) 390,391,392
392 IF (IMAN=MAN(ITEM,2)) 391,391,393
] 390 MREST=MREST+IMAN
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395

397
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00

257

952

951

559
958

550
553
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RESTMH=RES TMH+SHF TMH

IF ( IMAN «EQ, 0) GO TO 846
WAITM=WAITM+ (SHFTMH/ IMAN) %60, 0
CTIME=CTIME+ (SHFTMH/IMAN) *60,0
NSHIFT=NSHIFT+1

SHF TMH=NCREWxHRPSH

IMANSNCREW

MANAW (I )=MAN(ITEM,2)

G0 TO 395

MANAW (T ) =IMAN

60 TO 395

IMAN= IMAN=MANAW(I)

IF A Jou CANNOT BE HANDLED IN SHIFT, IT IS EXTENDED INTO
THE NEAT SHIFT

IF (SHFTMH ,GE+ XX(IR)) GO TO 396
SHF TMH=SHF TMH+NCREW*HRPSH
NSHIFT=NSHIFT+1
IMANZNCREW=MANAW(I)

IF (SHFTMH oLT. XX(IR)) GO TO 397
SHF TMH=SHF TMH=XX ( IR?
WORK(I)=XX(IR)
ACTIM(I)=(WORK(I)/MANAW(I))*60.0

ARRANGE ACTIM(I) IN ASCENDING ORDER

IF (NEVENT .EQ., 1) GO TO 550
DO 557 I=1/NEVENT .
ACT(I)=ACTIM(I)

NASNEVENT=1

DO 551 J=1+/NA

M=J :

MASJ+L

DO 552 I=MAyNEVENT

IF (ACT(I) +LTs ACT(M)) M=I
TEMP=ACT (J)

ACT(J)=ACT(M)

ACT(M)=TEMP

DO 558 K=1¢NEVENT

DO 559 I=1/NEVENT

IF (ACTIM(I)=ACT(K)) 5590558559
CONTINUE

LOG(K)=I

GO TO 553

ACT(1)=ACTIM(})

LOG(1)=1

IF ( NEVENT ,EQ, 1) GO TO 630

REDUCE THE VALUES OF ACTIM(I) BY REDISTRIBUTING THE MANPOWER
AFTER ACTIM(1) IS ACHEIVED



is

__,_,,___‘_‘
| S

OO0

020

010
002

n03
604
605
008
607

009
oll
ol2
o6

old
o1k

001

62l

022

023

o024

94

J=1

DO 600 L=NEVENT,2,~-1

I=L

M=LOG(1)

IR=IXR (M)

ITEM=IR=(NSCF=-NBITS*2)

IF (MAN(ITEM,2) JEQ, MANAW(M)) GO TO 471
MAD=MAN(ITEM, 2) =MANAW (M)

IF (MAD=-MANAW(J)) 601,602,602
MTB=MANAW (J)

IF ( J NEe 1) GO TO 003

DN=WORK (M) =ACT (J) *MANAW (M) /60,0
DD=MANAW (M) +MTB

GO TO 604

DN=DN=(ACT(J)=ACT (J=1))*DD/60,0
DO=CD+MTB
ACT(I)=ACT(J)+(DN/DD)*60.0

JaJd+l

IF (I=-J) 60%,606+607

PRINT 6u8

FORMAT (1Xr'RUN STOPPED BY AN ERRORs SEE STATEMENT 605 IN MAIN']
STOP

MAD=MAD~-MTB

IF ( I +NEe NEVENT) GO TO 609

IF ( ACT(I)=ACT(I=1)) 600,610,610
ILSI+]

DO 611 K=ILsNEVENT

IF ( ACT(K) ,6T, ACT(1l)) GO TO 612
IF ( ACT(I)=ACT(I=1)) 600,610,610
I=K

GO TO 6290

IF (ACT(I)=ACT(I=1)) 613,471,471
PRINT 614

FORMAT (1X»'RUN STOPPED BY AN ERRORy SEE STATEMENT 606 IN MAIN')
STOP

THE CASE OF MAD +GE. MANAW(J) IS COMPLETED
THE CASE OF MAD LT, MANAW(J) IS BEGUN

MTB=MAD

MANAW (J) =MANAW (J) =MTB

IF (J (NEo 1) GO TO 621

DN=WORK (M) =ACT (J) *MANAW (M) /60,0
DD=MANAW (M) +MTB

GO TO 622

DN=DON=(ACT(J)=ACT (J=1))*DD/60,0
DD=DD+MTB
ACT(I)=ACT(J)+(DN/DD)*60,0

IF ( I +NE« NEVENT) GO TO 623

IF ( ACT{I)=ACT(I=1)) 600,471,471
IL=I+)

DO 624 K=IL/NEVENT

IF ( ACT(K) ,6T, ACT(1)) GO TO 625
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IF ( I=(J+1)) 626,627,628
026 PRINT 629 )
029 FORMAT (IXv:RUN STOPPLD BY AN ERRORy SEE STATEMENT 626 IN MAIW‘']
STOP
027 GO TO 471
628 IF ( ACT(I)=ACT(I=1)) 600,471,471
25 I=K
G0 T0 620
600 CONTINUE

COMPLETE THE REDUCTION OF THE ACTIM(I) VALUES
REARRANGE ACT(I) IN ASCENDING ORDER

471 CONTINUE
DO 631 L=1/NEVENT
631 JON(L)=0
iM=1
DO 632 K=1/NEVENT
DO 633 IK=1)NEVENT
MM=JON ( IK)
033 IF (IM .,EQe MM) IM=IM+1
M=IM
DO 634 1=1/NEVENT
DO 635 N=1/NEVENT
JJUSJON {N)
0635 IF ( JJ +EQ, 1) GO TOo 634
IF (ACT(I)=ACT(M)) 636,634r634
036 M=]
od4 CONTINUE
CTM(K)=ACT (M)
JON(K) =M
632 CONTINUL
GO TO 472
030 CTM(1)=ACT(1}
JON(1)=L06(1)
472 IF ( LOGPRT) 473,470,473
470 PRINT 162
473 DO 455 K=1/NEVENT
IKSJON(K)
M=LOG(IK)
IRSIXR (M)
J=IR=NSCF
TCT=CTIME+CTM(K)
RJOB=WORK (M)
GO TO (456:457+858)¢dJ
+56 TBIT3=TOSITI+CTM(K)
IF ( LOGPRT) #%559275,455
275 PRINT 459 TCT» RJOB, TUNNEL
459 FORMAT (1H » F10.3» 5X»! BIT REPAIR *93X» F10,3/3X,F10,3)
GO TO 458
457 TMOLE3=TMOLE3+CTM(K)
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IF ( LOGPRT) 4551276455

PRINT 4o0s TCTe RJOBs TUNNEL

FORMAT (1H » F10.3¢5X¢?  MOLL REPAIR
60 TO 455

THIRD3= THIRD3+CTM(K)

IF ( LOGPRT) 4551277455

PRINT 46le TCTe RJOBs TUNNEL

FORMAT (1H #F10,3s5X,'  THIRD REPAIR
CONTINUE

DETERMINE CLOCK TIME AND WAITING TIME

CTIME=CTIME+CTM(NEVENT)

IF (NEVENT .EG., 1) GO TO u4Qu
NASNEVENT=1

BIG=CTM(NEVENT)

DO 400 I=1eNA

WTM=BIG=CTM(I)

IK=JON(1)

=L0G(IK)
MREST=MREST+MANAW (M)
RESTMH:RESTMH+(WTM*MANAW(M))/bOoO
IRSIXR (M)

J=IR=NSCF

GO TC (401,402+403)0 J
TMOLE2=TMOLE24+WTM
THIRD2=THIRD2+WTM

GO TO 400

TBIT2=TBIT2+WTM
THIRD2=THIRD2+WTM

GO TO ugo

TBIT2=TBIT2+WIM
TMOLE2=TMOLE2+WTM

CONTINUE

G0 TO 405

MREST=MREST+ (NCREW=MANAW(1))

96

1 e3XoF10,303X0eH10:3)

", 3X0F104303XeF10,3)

RESTMH:HESTMH&((NCREW-MANAW(l))*CTM(I))/60.0

IR=IXR(1)

J=IR=NSCF

GO TO (4906:4070408)0J
TMOLE2=TMOLE2+CTM(1)
THIRD2=THIRD2+CTM(1)
GO TO 405
TBIT2=TBITR2+CTM(1)
THIRD2=THIRD2+CTM(1)
60 TO 405
TBIT2=TUIT2+4CTM(1)
TMOLEZ:TMOLE2+CTM(1)

SUBTRACT XX(ITEM) FROM XX(I)
END OF REPAIRS
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405 ITEM=1X(1)
M=NBITS*2+1
NZNSCF =1
DO 490 I=MeN

490 XX(I)=XX(I)=XX(ITEM)

REPLACE XX(ITEM) WITH NEW XX(ITEM)

DU 495 J=1,NEVENT
ITEMZIX(J)

CALL CALCUM(ITEM,X)

XX(ITEM) =X
IRZIXR (J)

CALL CALCUM(IR»X)
+95 XX(IR)=X
PERFORM A BIT INSPECTION IF THE MOLE IS DOWN FOR OTHER REPAIRS

DO 555 I=1+NEVENT
IRSIXR(I)
IDRz=IR=NSCF
555 IF ( IDR £EG, 2) GO TO 666
G0 TO Eo?
b6 Ju=1
IF ( ID +EQ, 1) GO TO 481
067 TEMSTR=TEMSTR=TFT
998 CONTINUE

COMPLETED THE CASE OF TEMSTR ,GT. TFT
CHECK TERMINATION VARLABLES

IF ( TNL=TUNNEL)505¢505,506
906 IF (MAXSHT=NSHIFT) 510,510,515
515 IF ( TIMAX=CTIME) 511,511,999
S¢S PRINT 507
907 FORMAT(1H1+'SIMULATION WAS TERMINATED BY THE MAXIMUM ADVANCE OF TH
E TUNNEW*//)
GO TO 520
919 PRINT sl2
512 FORMAT (1H1,95IMULATION WAS TeRMINATEDBY THE MAXIMUM NUMBER OF SHI
FTS'//)
GO TO 520
311 PRINT 513
913 FORMAT ( 1H1,SIMULATION WAS TERMINATED BY THE MAXIMUM CLOCK TIME
Bv//)
220 PRINT 521
021 FORMAT (5X» " #uxkkxxxkkS IMULATION SUMMARY DATA%®kkkkkkkk?//)

- TR AN
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PRINT TrE. SUMMARY OF THE SIMULATION

OoOcCoO

CTIME=CTIME/60.0
WAITMZWAITM/60.49
TUITS=TBITS/60.0
TBIT1=T8IT1/60.9
TBIT2=TBITR/60,.0
TUIT3=TBIT3/60,.9
TOITU=TBIT4/60.0
THMOLEL1=TMOLE1/60.0
TMOLE2=TMOLE2/60.0
TMOLE3=TMOLE3/60,0
THIRD1=THIRDL1/A0+0
THIRD2=THIRD2/60,.,0
THIRD3=THIRD3/60.0
TSUPPT=TSUPPT/60.0
SWTTIM=SWTTIM/60.0
PRINT &525
225 FORMAT (1X» *CLOCK TIME®»3Xs*NUe SHIFT',3X» *TUNNEL LENGTH®»3X,
$ 'MH ON REST®»3Xe*IDLe. TIME®,2X»'8IT INSP HR' //)
PRINT 526¢ CTIME'NSHIFT e TUNNEL RESTMHoWAITM, TBITS
226 FORMAT (1XoF10,306X0IS04XoF10,9/6XsFL10e302XeF9,202X0F10e3 //7)
PRINT 527
927 FORMAT (13Xe *HR WORKEL 9o 3Xe *HR WAITED'»3Xs 'DOWN TIME'»3X,
$ 'REPLACING HRrR' /7)
PRINT 528 TBIT1»TBITZyTBIT3,TUITY
228 FORMAT ( 10H BIT » 3F12,5» 3X, Fl2,3)
PRINT 530» TMOLELl,)TMOLE2»TMOLES
932 FORMAT ( 10H MOLE » JF12,4)
PRINT 531 THIRD1»THIRL2» THIRDS
231 FORMAT(10H THIRD » 3F12,3)
PRINT 897» TSUPPTSWTTIM
897 FORMAT (' TOTAL SUPPORTING TIME=', F12,3/' '»' TOTAL TIME DELAYE
$BY THE SLOWER SUPPORTING SYSTEM=', F12,3)
IUEOS=1

CALL TRANS

STOP
EiND

COMPILATION: NO DIAGNOSTICS,
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SUBROUTINE CALCUM(ICFyX)

COMMON WTMUCK ,WTIM¢NLOCO» TMUCK»KMAXp»NCARS LLCLAS,»NDC»ACCMAX,
BVELMAX yUECEL yNSCrD1 9 AFToHAUL » NSECS,NSW, WTCARyFCAR» TPMy ADRT,
SCROSEC » GAMMA,CTIME »LWTID» TTMy TNL» TIMAX,NRRG, ILS,
SCFR(13)sFTA(13) o NCLAS(120)oLL(10)»CTLOC(10)»TLOCL(10)rWTLOC(10)¢
SFLOCO(1u)v6(100)+D(100)¢DS(10) WTLOAD(10) »SPEED(10) »LOAD(10)
SOISTR(LU) e TIML(10) s TSTOP(10) 0 TPASS(10) yWTTRN(10)»CFL(13),CFD(13)
SCT(13),WTL(13)»DSTOP(10)»ST(13)+CFS(13),TLOAD(10)»TDUMP (10),
$ CF(120013)0TV(12Ce13)9T(10030)9S(10,30),LS(20)¢ILWTID
9 LIOLOAD»SCCTMy TBIT2» TMOLE2) THIRD2DELTH, IDEOS, TNLT
o FTAD» TMOLEL, TBIT1» THIRD1 yNCRE W SHETMH) HRPSH» NSHIFT » IMAN) ICYCLE

SUBROUTINE CALCUM DETERMINES AM ABSCISSA VALUE ON A CUMULATIVE
PROBARILITY CURVE CORRESPONDING TO A GIVEN RANDOM NUMBER

SCTWEEN 040 AND 1,0

1=ICF

Y=RAND (iv)

JN=NCLAS(I)

DO 100 Ju=1rUN

IF (CF(IsJd) LLE. Y +AND, CF(I,J+1) ,G6E, Y) GO TO 102

CONTINUE
PRINT 1430 I»YeJN

FORMAT (1Xe'1 Y JUN AT 103 IN CALCUM'y» IS5, F10.8, I10)

PRINT 111

FORMAT (1Xe»'RUN TERMINATED BY ERROR IN SEARCHING THROULH THE CF (I,
%J) ')

IF ( JM +GE, 100 ) 60 TO 113

PRINT 112 ( CF(TeJd)r W=10eJN)

FORMAT ( 3F18,8)

STOP

XSTVAIp )+ TV (I oJ4 1) =TV(IoJ) )% ((Y=CF(I,J))/Z(CF(IyJ+1)=CF(1sJ)))
RETURN

END

COMPLLATION? NO DIAGNOSTICS,
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SUBROUTINE SUPPRT ( TFTA'REQMH )

COMMON WTMUCK » WTIMeNLUCO» TMUCK #KMAX s NCARS*LCLAS»NUC ¢y ACCMAX,
HVELMAX pUECEL ¢NSC o1 v AFToHAUL » WSECSyNSWyWTCARFCAR» TPMy ADRT
DCROSEC o GAMMA CTIME o LWIIDe TTMy INLo TIMAX,NRRG» ILS»

HCFR(13) e FTA(L13) o NCLAS(120) oL (10) oCTLOC(10) o TLOCL(10) o wTLOC(10)
SFLOCO(1V) eG(100),0(100)DS(10) v WTLOAD(10) ¢+ SPEED(L10)LOAD(10)
SDISTR(10) o TIML(L10) e TSTOP(10),TPASS(10) yWTTRN(L10)»CFL(13)yCFD(13)
SCT(13) ywTL(L3)sDSTOP(L10)rST(13)9CFS(13),TLOAD(10) ¢ TDUMP(10),

b CF(120013)9TV(12G013)oT(10030)05(10030)0LS(20)ILWTID

by IOLOAD s SCCTMy T3IT20 TMOLE2» THARDR2/DELTH» IDEOS TNLT

SoFTAD e TMOLELyTBIT1 o THIRD1 o NCREW ¢ SHF TMHy HRPSH 9 NSHIF T ¢ IMAN, ICYCLE

SUBROUTINE SUPPRT UETLRMINES THE MANHOURS OF TIME REQUIRED 10
COMPLETE THE SUPPORT WORK FOR ONE UNIT OF ADVANCE OF THE TUNNEL

SPMH=0,4
REAQAMH=0 N
NFTRZINT(TFTA+0,4)
IF ( NFTR +EQ. 0) 60 70 100
DO 10 I=1oNFTR
Y=RAND (N)
DG 20 J=1/NRGG
22 IF ( CFR(J) JLE. Y +ANDs CFR(J+1) ,GE, Y ) GO TO 30
PRINT 21
€l FORMAT(LX»'CFR(I)=FTA(I) DIAGRAM HAS INCORRECT INPUT UATA')
STOP
ST SPMHZFTA(J) +(FTA(J+1)=FTA(J) ) *((Y=CFR(J) )/ (CFR(J+1)=CFR(J)))
10 RCQMHzZREAMH+GPMY
103 RETURN
EidD

oco .

CUMPILATION: w0  OIAGWOSTICS,
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SUBROUTINE MOTION(NL »nNS)

COMMON WTMUCK »WTIMoaNLOUCO » TMUCIK tKMAX s NCARS?LCLAS»NDC»ACLMAX,
SVELMAX pOFCEL s NSCorDL1 e AFToHAUL ¢ NSECS yNSWHyWTCARYFCAR TPMy ADRRT,
BCROSEC » GAMMA ) CTIME s LWTID2s TTMy TL e TIMAX,NRBG» ILS,
SCFRI13)»FTA(13) ¢y NCLAS(120) oLLC10)oCTLOC(10)»TLOCL(10) o WTLOC(10)
BFLOCO(1U) pG(100) e 0D(L10U) eDS(10) rWTLOAD(10) »SPEED(10)LOAD(10)
SOISTROLY) e TIME(10) o TSTOP(10) » TPASS(L0) »WTTRN(10) »CFL(19),CFD(13),
SCT(13) yWTL(13)oDSTOP(10)¢eST(15)9CFS{13),TLOAD(L0Q) TOUMP(10),

D CF(120013)9TV(120013)0T(10+30)9S(10,30)LS(20)ILWTID

9 IULOAD»SCCTMe TBIT29» TMOLE2 » THARD2yDELTH IDEOS» TNLT

SoFTAD)y TMOLE L, TOITL o THLIRD1 yNCRELW o SHFTMH ) HRPSH»NSHIF T IMAN, ICYCLE

SUBROUTINE MOTION MOVES A TRALN FROM ONE SWITCH TO THE NEXT
DIMENSTUN SGL(10)9MSS(10)»GREV(1J0)DREV(100)»DSREV(1V)
RZVERSE PERTINENT VARIABLES FUR LOADED TRAINS

IF ( LOAD(NL) .EQ, 0) GO TO 140
NNN=G

IF ( D(NSECS)=DELTH) 615,816,816
NSECS=MNSECS=1

NNN=1

DO 101 I=1+NSECS
IREVENSECS=(I-1)
GREV(IREV)==G(I)
DREV(IREV)=D(1)

DO 99 1=1,NSECS

G(I)=GREV(I)

D(I)=prREV(I)

DO 102 l=1/NGw

JaNSW=(I-1)

DSREV (1) =HAUL=DS(J)

DC 98 1=1,NSw

DS(I)=PSREV(I)

» S5T=0,0

SGL(1)=D(1)
M5S(1)=1
SEL(MSW)=G.0

MSS (NSW) =D
NI=NSwW=1

DU 103 I=2/N9

DO 104 J=1/NSECS
SHT=55T+D(J)

IF (S5T=NS(I)) 1J24+100L,107
SGL(I)=v(J+l)
MSS(1)=zu+l

GO TO 1ud)
SGLII)=sST=Ds(I)
MSS(I)=J
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G0 TO 1u3

104 CONTINUE

133 CONTINUE
TIME(NL) =00
TSTOP (ML)=D,0
TPASS (ML) =0,.0
DSTOP (ML =00

START LOCO IN MOTION

IF ( LOAD(NL) ,EQ, 0) GO TO B4
JIKENSW= (NS=1)
N3=JR
uE SLEFT=NS (NS+1)=DS (NS)
GLEFT=S6L (NS)
MMIMSS (NS)
FRFC=( FLOCO(NL)*NTLOC(NL)+( #TLOAD(NL)+WTCARXNCARS)*FCAR)
IF ( LOAD(NL) +EQ, 1) GO TO 777
WTTRN (NL) SWTLOC (NL) + WCARS*WTCAR
177 GFC=( 20,0%G(MM) ) *WTTRIN(NL)
REQTF=FRFC+GF{
IF ( SPEED(NL) ) 110,110,111
110 AVATF=(T(NLo1)+T(NL»2))/2,0
129 ACCFC=AVATF=REQTF
ACCR=ACCFC*32,2/ (ATTRiv(NL)*2900,0)
IF ( ACCR ) 115,1100117
115 Tuz=0,0
DIb=G.0
IF ( SPEED(NL)) 1300130,131
L3C IF (LOAU(NL) LEQ. 1) O T2 132
PRINT 1339 NLoMMeG(MM) p ACCRoWTLOC(NL) r WTLOAD(NL) » WTCAR'NCARS#FCAR,
SWTTRN (ML) o FLOCO (NL) + FRFC 2 GFCyEQTF ) AVATF 9 ACCFCo T(NL2 1) T(NL»2)
153 FORMAT ( 1HO,'LOCO NO.,='» I3, "WITHOUT LOAD CANNOT NEGOTIATE SEC{]
S0 NUMBER "oI4 /' '"93X0'GRADE="1F10,4e3Xs"ACCRS"yF12,4 /' 1,
% 3F10,20 ISy 3F10,2 /' '97F12,3)
STOP
152 PKINT 134» NLyMMyG(MM)»ACCRyWTLOC(NL) »WTLOAD(NL) »WTCARINCARS )FCAR,
 WTTRW(NL) #FLOCO (ML) o FRFCoGFCoREQTF» AVATF P ACCFCoT(NLo 1)y T(NLs2)
L34 FURMAT ( 1HO,'LOCO='y I3, 'WITi{ LOAD CANNOT NEGOTLIATE SECTION NUMBE
SR Yel4 /' 'e3ne"REVERSED GRADL='"+F10,4,3Xs YACCRZ'»Fl2e4 /' 1,
% 3F10,20 150 3F10,2 /' '» TF12.3)
sToP
131 IF ( GLEFT=SLEFT) 135,135,130
135 IF ( SPEED(NL)=S(NLe2)) 1360136,137
136 ADEC==-ACCR
TTO=SPEEDR (NL) /ADEC
TLD=SPEED (NL) xSPEED (NL ) / {24 0%ADEC)
TU=TD+TTD .
DU=TDD+0D
IF ( DD=GLEFT) 130,130,138
138 DTR=DL=GLEFT
TO=TD=TTD
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BO=NN=TLD
SP=SPEEDV(NL)

AbA:SPFtD(NL)*SPEEU(NL)-Z.O*AUEC*DTR

IF ( ASA ) 261+261426¢

PRINT 203+ASp

FORMAT (1X0» "VARIABLE ASA IN MUTION HAS NEGATIVE SIGN'y F10,3)
STop

CONTINUE
SPEED(NL):SQRT(SPECD(NL)*SPEEU(NL)-Z.O*ADEC*DTR)
TT1=(SP=SPEEN(NL) ) /ADEC

TolzDie

DI=DL+TUL

TL=TD+TT1

GU TO 151

AUEC==ACCR

SPP=SPEFD (NL)

N7SKMAX =1

DO 139 1=1/N7

IF € SPeEDINL)=S(NLeI)) 1399109, 59

IF ( SPEFED(NL)=S(NLeI+1)) 140,140,139

9 CONTINUE

PRINT 141s SPLED(NL) o Nk

FORMAT ( 1H09'5P5E0="F10o3"0F Loco NUMBER*, I3, YCOULU NOT BE FOU.y
) IN 17> CHARACTERIST.C CURVE )

5TIP

" Kh=]

TR -,
"

[E—

[I—

)

[ e

TTL=( SPEED (NL) =S (NLyKK) ) ZADEC
TUD:(SPEED(NL)*SPEED(NL)-S(NLvKK)*S(NLpKK))/(2.0*ADEC)
TU=TO+TTD

DU=DD+TLR

IF (DD=GLEFT) 142,138,138

SPISPEFDHL)

AVAt :T(NLrKK)+(T(NL.hK+1)-T(NLpKK))*(SPEED(NL)-S(NLoKK))/
*(S(NL.KK+1)WS(NL0KK))

SPEED (NL)SS(NL o KK)

AVATFZ (AVAL+T(NL 2 KK) ) /2.0

ACCFC=AVATF=RLQTF

ACCR:ACCFC*32.2/(WTTRN(NL)*ZOUUoO)

IF ( ACCR) 135,143,144

Ir ( ACCMAX=ACCR) 990,991,991

ACCR=ACCMAX
SPEED(NL)=S(NL0KK)+ACCR*(S(NL.KK+1)-S(NL'KK))/(AUEC+ACCR)
Tul:(SPEED(NL)-S(NL'Kh))/ADEC
Dul:(SPEFU(NL)*SPEED(NL)-S(NL.KK)*s(NLpKK))/(Z.O*ADEC)
Tu=TL+TDL

DO=DL+HD

TO2Z (GLEFT=DD) /SPEED (L)

DU2=(GLEFT=DD)

D1I=D0+np2

T1=TD+TL?

GU TO 121
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CALCULATE THE CASE OF ZERO ACCELERATION

IF ( SPLEC(NL))13Ce130,145
OD1=GLEFT
T1=GLLFI/SPEED (NL)
SPISPEED (NL)

GO TO 151

CALCULATE THE CASE OF POSITIVL ACCELERATION

IF ( ACCR=~ACCMAX) 146,146,147

ACCR=ZACCMAX

HN7Tz=KMAX=1

U 148 I=leN7

IfF ( SPEEDR(NL)=S(NLeI)) 148+51051

IF ( SPLFUINL)=S(NLsI+L)) 152,148,148

CONTInUE

PRINT 149NL,SPEFD (NL)

FORMAT ( 140, 'LOCO NUMBER?'»I13,' HAD BAD INPUT DATA OF SPEED =',Flg

Ye2)

STOP

Kh=I
T1=(S(NLIKK+1)=SPEED (hi.) ) /ACCH
D1=T14(SPEED(NL)+(T1%(ACCR/Z2,4)))
D2=GLEFT

VVISPEFD (NL) xSPEED (NL ) +2, 0% ACCR*D2
T2z (SURT(VV)=SPEED(NL) ) /ACCR

IF ( vl=D2) 351,152,152

Di=De

Ti=T2

SP=SPLED (NL)

SPEED (NL)Y=SP+1%ACCR

GG TO 101

SP=SPEED (NL)

SPEED (ML )SS(MNLeKK+1)
DSTOP(NL)=SPEED(NL)*SPEED(NL)/(Z-O*DECEL)
DISTR(MLUY=DISTR (ML) +DL
TIME(NL)=TIME(NL)+T1
GLEFT=GLEFT=D}

SLEFT=SLEFT=p1

IF ( SLEFT=0.,5 ) 194,154,507

IF ( GLEFT=0,5 ) 156,156,157
MM=MM+ 1

GLEFT=N (MM)
GFC=(20,0%G (M) ) «*WTTRN (NL)
ReLQTF=FRFC+GF(C

CONT INUE

IF ( SLEFT=GLLFT) 501,501,500

IF ( USTOP(NL)=SLEFT) 502,503,154
IF ( SPEEL (NL)=VELMAX) 506+5951565
D1=SLEFT=USTOP (ML)
SPEED (NL) =VELMAX
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T1:01/SPEED (NL)
TIME (NIL)=TIME(NL)+T1
DISTR(ML)=DISIR (ML) +DU
D03 TSTOP (ML) SSPELD (NL) /DLCEL
TPASS(NL)=DSTOP(NL)/SPEED(NL)
GU TO 4us
56 GLLFT=SLEFT
GU TO syn
909 CONTInUE
IF ( SPLEG(NL)=VELMAX) 158,2100216
216 SPEED(NL)=VELMAX
GO TO 1146
158 N0 159 K=1rKMAX
IF ( SPEEDINL)=S(NLeK}) 159,52¢52
92 IF ( SPEFD(NL)=S(NLeK+1)) 160,159,159

159 CONTINUE
PRINT 1ols NL SPEED(NL) v (SINLeK) K=1,KMAX)
161 FORMAT ( 2HQ,'L0CO NUMBER®»I3,' AT SPEED S F10.30'HAD BAD INPUT O
PATA AND STOPPED/Y v,£12,3)
STOoP
Lot KK=K
AvAl :T(NLoKK)+(T(NL.AK+1)-T(nLoKK))*(sPEEn(NL)-s(NL.KK))/
B(L(NLoKK+1) =S (NLsKK))
AVATF:(AVA1+T(NL0KK+1))/2.0
Gu TO 120
Lot SLEFT=zPi+SLEF}
OTRO=(D1+DSTOP(NL) )=SLEFT
IF ( ACCR ) 4y0,4010400
401 D1I=D1=0TRL
DISTR(NC)SDISTR(MNL) =0TRD
TIME (MNL)=TIME(NL)=T1
T1=D1/SPEED (NL)
TIME(NL)=TIME(NL)+T1
TSTOP (ML) =SPELN (NL) /DECEL
TPASS(NL):DSTOP(NL)/SPEED(NL)
60 TO 4ybs
SO0 V2=(Z.O*SLEFT+SP*SP/ALCR)*(ACLR*DECEL/(ACCR+DECEL))
IF ( v2 ) 411,412,412
411l PRINT ui3, VZ'SPOSPEEU(NL)vACCN'SLEFT'DIrUSTOP(NL)
413 FORMAT (1Xe'yz TN MOTION |IAS NEGATIVE VALUE'/Y 1,2,
v 7F10,3)
STOP
412 SPEFD(ML)=SQRT(V2)
DISTR(NL)=DISTR (ML) =D1
TIME (NG)STIME(NL)=T]
DSTOP(NL)=SPEED(NL)*SPEED(NL)/(2.0*DECEL)
Ul=(SPEED(NL)*SPEED(NL)-SP*SP)/(Z.O*ACCR)
DISTR(NL)=DISTR(NL)+Di
T1=(SPEED (NL)=SP) /ACCK
TIME (L )=TIME(NL) +T1
155 TSTOP (ML )=SPEED(NL) /DECEL
TPASS (ML) =DSTOP (NL) /SPEED (NL)
405 IF ( LGADINL) JEQ, 0) GO TO 415
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NSSNSW=NS+1

DO A6L 1=1¢NSECS
IREV=NSECS=(1=1)
GREV(IREV)==G(I)
DKEV(LPEV)I=D(I)
DU 862 1=1¢NSECS
G(I)=6ReV (1)

s D(IY=UREVI(I)

DU £65 1=1eNSw
J=HShw=(1=-1)

86 DHREV(Y) =HAUL=DS(J)

d6h

DU R4 1=1oNSw
DS(I)=DSREV (L)
IF ( WNiN +EQ, J) GO Tu 455
WSECS=MNSECS+1

4Hh R TURN

END

COMP AL ATIONS NO DIAGNOSTICS.,
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SUSROUTINE LOADNG (NL)

COMMON “TMUCK'WTIM'NLUCO'TMUCK'KMAXONCARS'LCLAS'NDCOACCMAXO
$VELMAX90ECEL0NSCrDlOAFTOHAULvHSECSoNSW.WTCAR.FCAR!TPM!ADRT.
5CROSEC'6AMMA0CTIME'LW|ID'TTM'TNL'TIMAXONRBGOILSO
*CFR(15)OFTA(15)vNCLAS(l?O)OLL(lO)vCTLUC(lC)vTLOCl(lO)!WTLOC(IO)v
$FLJC0(10)'G(100)OD(100)ODS(IO)!WTLOAD(IO)'SPEED(lﬂ)vLOAD(lO)v
WUISTR(lu)!TIME(IO)!TSTOP(IO)'TPASS(lG)OWTTRN(IO)OCFL(lé)OCF0(13)|
5C1(13)vWTL(l3)!DSTOp(lU)'ST(IJ)OCFS(13)OTL0AD(10)'TDUMP(lo)O
) CF(120013)vTV(120013)'T(10'3J)05(10030)vLS(ZO)vILWTID
*vIDLOAD!SCCTMOTBITZ'TMOLEZ!THLRDZODELTH'IDEOSOTNL'
$!FTAD'TMOLEI.THITIvTHlRDlvNCRLNOSHFTMH'HRPSH!NSHIFT'IMAN!ICYCLE

SUBROUT IME LOADNG STMULATES THE LOALING OF THE TRAIN

TLOAD(ML)=U,L0

NTLOAD(NL)=0,0

Y=RAND (W)

NL=NSC=-1

D0 60 KK=1/N6

IF ( CFS(K) (LTs Y ¢ANDe CFS(K#1) ,GE. Y ) GO TO 61
PRIMT A2

FORMAT ( 2X»9STOPPED oY AN ERKOR IN SEARCHING THROUGH CFS(I) ')
STUP
Tsﬂ:ST(n)+(ST(K+1)-ST(K))*((Y-CFS(K))/(CFS(K+1)-CFS(K)))
TLOAD (ML) =TMUCK+TSwW

WTLOAD (N ) SWTMUCK
WTTRN(ML)=WTLOAD(NL)+NCARS*WTCAR+WTLOC(NL)

LOAD(NL)=1

RETURN

EiD

COMPILATIOMS NO DIAGWOSTICS,
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SUBROUT LNE DUMP (NL)

COMMOi i WTMUCK'WTIM'NLUCOOTMUCK'KMAX:NCARS'LCLAS'NUCvACCMAX'
$VELMAX'UECEL'NSC'DIOAPT'HAULvNSECS'NSW'WTCAROFCARvTPMvADRT'
*CRJSECOGAMMA'CTIME'LWTID'TTMUTNL'TIMAX'NRHG'ILS'
*CFR(lb)vFTA(lS)vNCLAS(IZO)vLL(lo)'CTLOC(lo)vTLOCl(lO)vWTLQC(IU)'
%FLOCO(lﬁ)'G(IUO)!D(lOU)'DS(lO)!WTLOAD(IO)'SPEED(IU{'LOAU(IO)'
~i’DI.STR(I\J)vTIME(ID)'TSI'OV’(H'))vIPI\SS(IO)vWTTRN(.\.O)vCF'L(1-5)vCl’-'D(l'J)a
*CT(13)'WTL(13)'DSTOP(lo)'ST(lé)'CFS(13)vTLOADlIO)'TDUMP(IO)'

% CF(lZOvlb)vTV(130'13)'T(10930)95(10'30)'Ls(au)'ILWTID
*vIDLOADvSCCTM'THITZ'TMOLEZvTHLNDZODELTHvIDEOS'TNLT
%.FTAD'TMOLEI.TR[TlvTHlRDl.NCRLWvSHFTMH'HRPSH'NSHlFTvIMANvICYCLE

SUBROUT INE DUMP SIMULATES THE DUMPING OF THE TRAIN

Y=rRAND (N)

NB=NLC=1

DU 100 J=1eNS

IF ( CFD(J) (LTs Y «AnD, CFD(J+1) ,GE. Y) GO TO 110

PRINT 120¢Ys ( CFD(J)» J=24NDL)

FORMAT (1HU» * 1N NDUMPING CYCLE RAND='+F10,6¢ 2X¢ *CANNOT BE FOUND?
D/ 9 3F10.46)

S5TOP

114 TDUMP(NL)=CT(d)+(CT(d+l)-CT(J))*((Y-CFD(J))/(CFD(d+1)'CFD(J)))
LOAD (NL) =06
Ri. TURHN
€D
cuMPIULATIUNSG nO DIAGHROSTICS.,
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SUBROUTINE MyCK

CUMMON WTMUCK'WTIM'NLUCO'TMUCA'KMAX'NCARS'LCLAS'NUCnACCMAXp
$VELMAApUECELpN5C'Dl'AFTvHAULpNSECSpNSW.WTCAR'FCARvTPM'ADR1p
bCROSEC'dAMMA.CTIME'LWIID'TTM'TNL'TIMAX'NRHG'ILS'
*CFH(ls)'FTA(lo)oNCLAS(IEO)'LL(lO)oCTLOC(lG)'TLOCL(IO)'wTLOC(lo)'
$FLOCO(10)'G(IUO)'D(IOU)vDS(IO)'wTLOAD(IO)'SPEED(IU)'LOAU(IO)'
wuxSTﬁtlu)'TIMt(10)'TSIOP(10).lPASS(lO).WTTRN(lo).CFL(ld)oCFU(ls),
WCT(IS).WTL(IS)'DSTOP(LO)'ST(IJ)oCFS(lS)oTLOAD(IO)'TDUMP(IO)p

b CF(IZD'IB)'TV(120'13)'T(10v50)oS(10'30)'LS(20)'ILWTID
».1uLOAE.scCTM.TBITZoTMOLEa'TnxnoasoELTHoIDEOS.TNLT
$9FTAD'TMOLE1pTRITIvTHLRDI'NCRLW'SHFTMHpHRPSH'NSHIFT'IMAN'ICYCLE

SUDRgUTINE MUCK DETERMINES Tile WEIGHT OF THE MUCK LOADtD INTO THE
CAR

coc o

AFT=0.0
T""iUCK=O o)
WTMUCK=v,0
NazLLCLAas=1
DO 10 1=1/NCARS
Y=RANU (1)
DO 20 U=1,N3
«Y IF(CFL(J) oLTe Y JAND, CFL(J+1) «GE. Y ) 50 TO 3u
PRINT 25, Y
€% FORMAT( 1HG»* IN THE LOADING CYCLE RAND=*» F1l0.6+2X» *CANNOT BE FOu
BNU IN CFL(I)v)
PRIMNT 206 ( CFL(K)» K=1/LCLAS)
26 FORMAT ( Fl2,8)
STOP
J4 WTMM=WTL(J)+(wTL(d+1)-WTL(d))*((Y-cFL(J))/(CFL(J+1)-CFL(J)))
1% WIMUCK=wTMUCK +WTMM
TPM:ADRT*CROSEC*GAMMA/(60.0*200010!
TMUCK:W‘TMUCK/ TPM
AFT=AURT*TMUCK/63,0
RETURN
Eni)

COMMILATION? NO  DIAGINOSTICS,
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SUBROUTINE TRANS

DIMENSTON CFMS(15) v TMS(15) o CF (15) » TMD (1)

DIMENSTON LLW(10) »LC(10)

DIMENSTON TLOC2(10) o TLOC3(10)»TLOCH(20)
SLWw(10)»IA(10)IDE(L10) IDL(10)

COMMON WTMUCK'WTIM'NLUCOOTMUCA'KMAX'NCARS'LCLAS'NUC'ACCMﬂX'
$VELMAX'UECEL'NSC'UI'AkT'HAUL'NSECS,NSW'WTCAR'FCAR!TPM!ADRT'
$CJOSEQ'GAMMA'CTIME'LW[ID!TTM&TNL'TIMAX'NRHG'ILS'
bCFR(13\'FTA(15)'NCLAS(IZO)'LL(10)'CTLOC(IU)'TLOCI(IO)'WTLOC(IO)'
tFLOCU(lU)'G(IUO)'U(IOO)ODS(IO)vWTLOAD(lO)OSPEED(IO)'LOAU(IO)'
*DISTR(lu)'TIMt(ID)'TSTOP(IU)'TPASS(IO)'WTTRN(lO)'CFL(IJ)'CFU(15)'
$C1(13)'WTL(13)'DSTUP(LU)'ST(lJ)'CFS(13)'TLOAD(IO)'TDUMP(lo).

b CF(120'13)'TV(120'13)'T(1393U)15(10'30)'LS(20)'ILWTID
$'IDLOAD'SCCTM'TRIT2'TMOLE2'TH1R02'DELTH'IDEOS'TNLT
$'FTAD'TMOLE1'TBIT1'THJRDI'NCRLW'SHFTMH'HRPSH'NSHIFT'IMAN'ICYCLE

SUBROUTINE TRANS CONTROLS THE SIMULATION OF THE MATERIALS HANDLING
SUBSYSTEM

READ It CONTROL CAKDS

IF ( L{CYCLE .NE. 0) GU TO 650
IF ( IDEO0S EW. 1) 60 TO 699
IF ( 1.5 «NE, J) GO Tu 652

READ IN INPUT DATA FOi CONTINULOUS MATERIAL HANDL.ING SYSTEM

READ 6539 EFFCSAFLUVELGMUCK

FORMAT ( 3F10.3)

READ oS4y» NCPTS

FORMAT ( I5)

READ 655 ( CFMS(I)eTM3(I) » I=1/NCPTS)
FURMAT ( 6F10,3)

READ 654 NCST

READ 655 ( CFMD(I) o TMu(I)s I=1eNCST)

INITIALLZE VARIABLES T0 ZERO

SPAT=0,v

TOELT1zv.0
TEELT2=ve O
TBELT3=U D
PDWNTM=0:D
SUMDLY=uU .2}

CALCULATE PWT AND SPWT

Y=RANU (N)
DO 656 I=1+'NCPTS

056 IF ( CFMS(I) .L.Te Y +AND, CFMS(I+1) +GE. Y) 60 TO 657
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PRINT €58, Y

FURMAT (1Xe'RaND=?, Fl2¢693Xs *CANMNOT BE FOUND IN CFMS=IMS CURVL']
STOR
PwT:TMS(I)+(TMS(I+l)-fMS(I))*((Y-CFMS(I))/(CFMS(1+1)-CFMS(I)))
Pil=PWT*60eQ

SPWT=SPWT+PWT

IF ( ILS +EQ, 0) GO Tu 701

PRINT 28
FORMAT (' LS WAS NUT 2EROQY)
SToP

CAPMHZFFFCSAXFLUVEL*GMUCK /20940
TPM:AURT*CROSEC*GAMMA/(60.0*2u00o0)
MOTMZFTAD#60,0/ADRT

IF ( CAPMH=TPM) 65916059660

COUNT TIME DELAYEU ANL MH WALIED DUE TO HANDLING SYSTEM

ALJTPM=CAPMH
AMOTMZMOTMATPM/ANJTPM
DIFTHM=AMOTM=MOTM™
SUMDLY=SIMDLY4+DIFTM

CTIME =CTIME4+LIFTM
TOELT1=TRELTL+DIFTM
TBIT1I=TUITI4D1IFTM
TMOLE1=TMOLEL+DIFTM
THIRD1=THIRD1+DIFTM
DIFMHDIFTM*NCREW/ 00, u

IF ( SHFTMH=DIFMH) 6726761670
SHF TMpH{=SHF TMH+NCRE WxHRPSH
NSHIFT=NSHIFT+1

GO TO 677

SHF TMH=SHF TMH=D IF i ;
TUELT2=TRELT2+DIFTM
MOTMZAMOTM

IF ( SPAT=MOTM) 6610602662
MOTM=MO TM=SPWT
TSELT1=TRELTL+SPWT
SPAT=0,u

MH FOR REPAIR

Y=RANU (IN)

DU 663 u=l1/NCST

IF ( CFMD(J) LTe Y ,AND. CFMLU(J+1) .GE, Y) GO TO 664

PRINT 6oSe Y

FURMAT ( 1Xs'RAND=?, F1l2¢503Xs "NEVER BE FOUND IN CFMD=1MD')

STOP
DhNMH:TMD(d)+(TMD(J*l)-TMD(J))*((Y-CFMD(J))/(CFMD(J+1)-CFMD(J)))

CALCULATE DOWNTIME
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ood IF ( SHFTMH=DUNMII) 660667166/
obf DWNMHIDwNMH=S)HF TMi4 -
IF ( IMAN .EQ, 0) GO |0 856
(’ DWHTMZSHF TMH%60, 2/ IMAN+DWNTM
i} 850 SHF TMHZNCREWxHRPSH
" NSHIFT=NSHIFT+1
P IMAN:NCHEW
I GO TO 608

ks Cuantr-y
@

DETERMINE TBELT1 AND wAITING | IMES

CoOr

| oL7 SHF TMH=SHF TMI4=NWNMH
DWNTMzDWNTM+DWNMH¥00, 3/ IMAN
] TOELTI=TRELT3+DWMNTM

[ CTIML=CTIME+DWNT™
TuITe=TUIT24+DWNT™M

) TMOLE2= TMOLE2+NDWNTM

! THIRDZ= THIRDZ $DWNT

: OWNTM=0, 0

CALCULATE IPWT AND SPWT

cC.CcC

Y=RAND (IN)
. DO 669 I=LsNCPTS
| o069 IF ( CFMS(I) (LTe Y ,AND. CFM5(I+1) ,GE, Y ) 6O TO 670
- PRINT 658, Y
B STOP
i o7 PuT=TUS (1) +(TMS(I+1)=TMS (1) )% ((Y=CEMS(T) )/ (CFMS(1+1)=CFM5(T)))
L PWwT=PwT*H0 .0
SPWT=5PwT+PWT
i GU TO Hod
kg ot SPWTZSPWT=MOTM
) TOELTL=TBELTL4MOTM
- MOTM=0, v
1 50 TO 701

PRINT SUMMARY OF CUNTINUOUS MATERIAL HANDLING SYSIEM

[l ¥ o

Buresi
]

0%2 PRINT 672
o72 FORMAT ( LHO,' SUMMARY OF CONTINUOUS SYSTEM?)
TUELTL=TBELT1/60.0
TUELT2=TBELT2/60,40
TAELT3=TRELT3/60,0
SUMDL Y =SUMDLY /6060
PRINT 673
n73 FORMAT ( 1HO,' WORK TIME TIYE DELAYED DOWN TIME')
PRINT 674 TBELTL,TBELT2,TRELT3
o74 FORMAT ( 3F12,3)
PRINT 685 SUMDLY
odh FORMAT (1Xe*TOTAL TIMe DELAYEL BY THE CONTINUOUS MATERIAL HANDLIMNG
- $ SYSTUMYy F12,3)
I GO TO 7ul

™ A |
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CYCLIC MATERIAL IIANDLANG SYSTei

IF ( IDEOS +Ew. 1) GO TO 299
ILLC=0

ILC=0

DV 50 T=19NLOCO

> LC(I)=0

IF ( 1LS +EQ, 9) 60 TU 99

1F ( ILWTID g9, 1) GU TO 9¢

IF ( LWTID NE» 9) GO TO 301

WTIM=Q,u

GO TO 201

READ IOUoNLOCOoKMAXoNSECSoNSDPoNCARSoLCLASoNDC ' NSC
FORMAT (815)

PRINT 101/ NLOCOyNSECS s NCARS

FORMAT (1H1ls3Xs 'NUMBEK OF LOCUMOTIVES =',15 /'0v,3X,

®'NUMBER OF GRADE SECTLIONS =%, 15 /'0'03X00NUMBER OF CARS PER TRAIN
=V 15 //)

READ IM ALL CHARACTERISTIC CURVES OF LOCOMOTIVES

READ 102 ((T(Ied)eS(Isd)s J=1,KMAX)» I=1,NLOCO)
FURMAT ( ©F10,3)

READ IN THE CUMULATIVE FREOQUENCY CURVES OF LOADING AND DUMPING
RLAD 163 ( CFL(I)oWTL(I)» I=1,LCLAS)

READ 103 ( CFS(I)y ST(I)e I=1,0SC)

READ 103 ( CFD(I)e CT(I)» I=1,HDC)

FOMMAT( 6F10,3)

READ IM THE WEIGHT ANu FRICTIui! COEFFICIENT OF THE LOCUMOTIVES
READ 105 (WTLOC(I)/FLUCO(I)s 1=1/NLOCO)

READ IM THE PROFILE OF THE TUNNEL

READ 103 ( 6(1)oD(I)y I=1,NSECS)

READ IM THE WEIGHT ANU FRICTIUN COEFFICIENT OF THE CARS

READ 103 » WTCARIFCAR

READ IN SPEED LIMITATLONS

READ 103+ ACCMAXsVELMAXsDECEL

READ IN THE DISTANCE sETWEEN SWITCHESs DELTH» AND THE NUMBER OF
SWITCHES BETWEEN THE DUMPING STATION AND THE PORTAL

»
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RiLAD 1040 DISw.DEL[H
LO4 FORMAT ( 2F19,3, 19)

INLTIALIZE VARIABLES

DU 105 1=1eNLULCO
DISTR({I)=0.0
LCAD(I)=0
ATLOAV(1)=0.0
WITRN(I)=0.0
TLOC1(1)=G.0
TLOC2(T1)=0.0
TLOC3(1)=0.0
TLOC4(1)=0.0
TIMAE(I)=N40
CTLOC(r)=0.0
SPEED(T)=0.0
TPASS(1)=0.0
TSTOP(1)=UL,.0
DSTOP(Y)=U.0
499 CONTINIE
LIL=0
NLDE=0
HNLLLL=D
HAJL=0,u
TSEC=0,0
NSa=0
SHFT=0,v
WTl=G,0
WTG=0,.n

LOCATE AND COUMT THE SWITCH PUINTS

PO 106 J=1/NSLP
106 HAUL=HAUL4D ()
Tl T=ITNL+HAUL
NowWz=2
DFH=HAJL
lu9 IF ( UH=DISW) 107,108,108
Lo NSW=NSK+1
DH=DH=n]ISW
GO TO 1u9
1G7 NNZHSW=1
DMS=DH
IF ( NN EQ, 1) GO To 110
DO 11l I=2/NN
111 DS(I)=pISWX(I=1)
417 DS(t)=a,0
DS (NSw) =HAUL



) )

[y
v

Eenra Y
e §

H

coaoO

cC.Co

199

3l2

118

97
116

114

COUNT THE NUMBER OF StCTIONS AT THE START OF THE SIMULATIUM AND

DETERMINE THE NISTANCE TO Tk LAST SECTION

NSECS=HSDP+L
DU=D (NSECS)
D(NSECS) =0

LOCATC FHE LOCOMOTIVES AT THE STARTING POINT

DO 199 1=1»NLUCO
IDE(I)=v

NLDE=U

NLDL=0

IF ( NLOCO=NSw) 311,112,113
Nwi.D=Y
NESNSW=NLOCO +1
DO 114 I= NSWeN2e=-1
JEHNSW=T+1
LS(I)=2

LL(l)=J

MNML=N2=1

DC 115 I=1/N1
LS(I)=0

60 TO 116

NwLD=1

IOE (NLOCO) =1
NLDE=1

DO 117 I=1leiSk
JSW=-T+1
LS(I)=2

LL(I)=J

GO TO 116

 NWLD=NLOCO=NSW+1

LMil=0

DO 312 I=NSW,NLOCO
LiaNzLMM+1
IDE(I)=LMN
NLOE=SNWLD

ODu 1lb I=1sNSw
J=NSW=1+1

Ls(I)=2

LL(I)=J

NEX=MNSW+]1

DO 97 I=NEXsNLOCO
Li(l)=t

CUNT INUL

DO 120 I=1/NLOCO
IL(l)=9

IF ( ILS +EQ, 0) 6O Tu 701
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START THE SIMULATION wITH LOCUMOTIVE NUMBER 1 AT THE LUADING POINT

» NL=1

CALL LOADNG(NL)

IuLoap=l

CCTM=wTLOAD(NL)*2000,0%60,0/ (CROSEC*GAMMA*ADRT)
SCCTM=SCCTHM+CCTM :

TLOCL (NLL)=TLOCL(NL) +TLOAD(NL)

CTLOC (NWL)=CTLOC(NL)+TLCAD (NL)

SAFT=5AFT+AFT

WTS=WTG+WTLOAD (NL)

MasLL (hW)

LS {HS)Y =1

DETERMINE THE LOADING TIME FOix THE LOCOMOTIVE

DO 119 J=2+NLOCO
TLOCH (J)=TLOAD (NL)
CTLOC(J)=TLOAL(NL)

CALL MOTION(NL#NS)

CTLOC(MwL)=CTLOC (ML) +TIME(NL) 7oV, U
TLOCI (ML) =TLOCA(NL) +TAME(NL) /00,0
IF (LOADINL) +EQe 1) 6O TO 12y
LO(NS)=LS(NS)=2

NS=INS+]

LLINL ) =S

LS5(NS)=LSINS)+2

NS1=NS=l

NS52=hs

Gy TO 121

LSINS)=LS(NS)=1

NOZNS=1

LL {NL)=NS

LS(N3S)=LS(NS) +1

NS1=NS+1

N52=N5

CONTINUE

IF ( LOUPRT NE, 0 ) 0O TO 301
PRINT it

FURMAT ( 1HO, 'LOCO Nu. CLOCK TIME MOVING Sw NO.

b9 "FROM TOo' /) .
PRINT #12¢ NLoCTLOC(NL) #NSL1yN52¢LOADINL)

412 FORMAT ( YXpI304XoF104205X01204X012:07X011 77)

LOAD' /!

925X
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224
219

Sur

Jol

33

Jo5

307
Jo6
368

909

_?n\

CHOOSE THE LOCOMOTIVE HAVING 1HE SMALLEST VALUE OF CTLULC(I)

IL=0

M=l

Du 122 Jz=2/NLOCO

IF(CTLOC(M) 6T, CTLOL(J) ) M=y
HLZM

EMPTY TRAIN

IF ( LIL «EQ, 0) GO Tu 200

DO 221 IzielIL

IF ( WL +JEQs LLW(1)) 6O TO 22¢
60 To 209

M=I

IF  LLW(M) ,gQ, LIL) GO TO 2eH
LLW (M) =y

Mlz=M+1}

00 223 J=M1,LIL

K=sJ=1

LLW(K)=LLW(Y)

LIL=LIL=1

IF ( LOADINL) ,EQ, 1) GO TO 123
NS=LL (NL)

IF ( NS ~EQ. WNSW) GO O 124

IF ( NS JEQ. 1) 50 TO 125

IF ( LS(NS+1) .FQ, 2 ,0R, LS (1v5+1)

GV TO 36l _

IF ( 1L.C «EQ, Q) GO TV 129
NSS=NS+1

DO 362 I[=1+/NLOCO

IF ( LL(I) +EWe NSS ) GO TO 303
PRINT 364, NSS

+EQ, 3) GO TO 360

FORMAT (' NSS AT 364 IN TRANS', I5)

STOP

II=1

IF ( WOAD(II) +£Q. 0) GO TO 3uo
JIZII+)

DO 365 K=Jl,NLOCO

IF ( LL(K) +EQs NSS) 60 TO 367
PRINT 304, NSS

STOP

II=K

DO JSo8 L=1r]ILC

IF ( LC(I) +EQ. II) GU TO 369
GU TO 129

ILC=ILC+]

LC(ILC)=NL

T60=T0 1(u0

116
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413

229

30

232

231

35

2e%

2e6

CTILOC(NL)=CTLOC (NL)+TPASS (ML) /600
DISTR(ML)=DISTR(NL)+DS5TOP (ML)
TLUCI(NL)=TLOCA(NL)+TPASS(NL)Y 76U.0

CALL MOTION (NL#NS)

IF ( LOADINL) +EQs 1) GO TO 1.7
LSINS)=LS(NS) =2
NS=NS+1

LL (NL)=nS
LS(NS)=LS(HS) +2
NSL1=NS~1

NS2=HS

GO TO 28
LSINSG)=LS(NS) =1
NS-HS-I

LL (NL)=NS
LSINS)=LS(NS)+1
NSL1=NS+1

NS2ziNG

< CUNTINUE

CTLOC (ML) =CTLOC(NL) +TiME(NL) /0040
TLOC3 (MILY=TLOCI(NLY+TLME(NL) 70d . U
IF ( LOGPRT ,nE, 0) GU TO 413
PRINT 4i1

PRKINT 4120 NLoCTLOT(NL) o NSI1)Nu20LOAD(NL)
IF (IL EQe @) 60O TO 200

IF (LIL +EQy v ) 60 TU 225

DO 192 1=1r]IL

DO 228 J=lelIL

IF ( Ltw(I) +£EQs LLW(J)) GO TO 229
ATPS=0,v

GO TO 249

ATPSZFTPS

JusLw(r)
CTLOC(UJY=CTLOC (JJ) +ATPS+TIME (L) /60,0
TLOCH (JU)=TLOCH (JJ) +ATPS+TIME (NL) /60,0
DU 231 I=1,1IL

DU 23& wu=lrLIL

IF ( LW(I) +EGs LLW(J)) GO TO 231
Lib=LIL+1

LLW(LLL)=LW(TI)

CONTINUE

FTFS=TSTOP(NL) /600

DO 35 1=1,1IL

LW(I)=9

IL=0

60 TO 340

DO 220 I=1lrIL

Jus=Lw(I)

CTLOC(JUJ)=CTLOC (JJ)+TLIME(NML) /06U 0
TLOCH (JU)=TLOCH (JU)+TIME(NL) 76V, 0

117
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LIL=ZIL
FIPS=TSTOP(NL) /60,y
DU 227 i=1.L]IL

27 LLWw(l)=LWw(I)

0v 36 I=1,IL

Lw(I)=0

IL=0

Lw(I)=e

GO TO ayn

12t IF ( LSINS) ,£Qs 3 ,0ne LSINS) oEG, 1) 6O TO 338
GO TO 3359

3353 IF ( 1LC +E@, 0) 60 Tu 129
DO 331 I=1/NLOCO

SOL IF ( LL(I) +Ewe NS oANDe LOAD(I) LEQ, 1) GO TO 332
PRINT S41

Sl FORMAT ( 1Xe'STOPPED AT 541 In TRANS?)
STOP

332 INLC=]
DO 333 i=1.]ILC

933 IF ( LC(I) +EGe INLC) GO TO 304
GO TU 129

334 ILC=ILC+1
LC(ILC)=NL
Ibl.c=)
6U TG 129

339 CTLOC(NL)=CTLOC (NL)+TSTOP(NL),/60.0
DISTR(NL)ZOISTR (ML) +D>TOP (NL)
TLOC3(NL)=TLOC3(NL)+TbTOP(NL)/60o0+TIME(NL)/60.0
SPEED (NL)=0,0
TPASS (ML)=0,0
TSTOP(MLY=0,0
DSTOP (NL)=0,0
TIME(HL)=0.0

3¢

~

CHECK THE TUNNEL LENGIH AND HAULAGE DISTANCE AND RELOCATE THE
LAST SwITCH

IF ( SAFT «GE, DELTH ) GO TO 180
GU TO 189
185 SAFT=OAFT=DELTH
HAULZHAUL +DELYH
TSEC=TSEC+DELTH
DMS=UMS+NELTH
IF ( TSeC=DD) 181,182,182
1bd TSEC=TSEC=DD
: DNSECS)=hD
NSECS=NSECS+]
DUZD (NSECS)
i81 D(NSECS)=TSEC
IF ( uvs=DISW ) 183r1bks184
ldd DM3z=DMS=NISW
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145
166

189

52

To0

119

DS (NSw) =HAUL=-DMS
NSW=NSw+1

DS (NSw) =HAUL

IF ( HAUIL=TNLT) 18901859185
PRINT 186

FORMAT (1HUy *TUNNLLING WAS COMPLETED AND SIMULATION TERMINATED?)
GO0 TU 299

CONT 1 UL

IF ( LWTYID oNLe Q) GO TO 700
WTIM=CTLOC(NL)-CTIME

I ( IL EQ, ¢) GO TOo 701

DO 702 I=1r]1L

JUSLW(T1)

Le(I)=o
CTC=CTLUC(HNL)=CTLOC (JJ)

CTLOC (JU)=CTLOC (ML)

TLOCY4 (U =TLOCH (JJ) +CIC

1L=0

GU TQ 7vl

IF ¢ IDLOAD ,tQ, 1) GU TO 609
ILLnAp=}

Call. LOADNG(NL)

CCTM:wTLOAD(NL)*2000.9*60.0/(CROSEC*GAMMA*ADRT;
SCCTMzZSCCTM+cCTI
WTO=WTG+WTLOAL (NL)
CTLOC(Mg):CTLoC(NL)+TLOAD(ML)
TLGCI(ML)=TL0C1(NL)+T50AD(NL)
LSINS)zLS(NS) =1

SAFT=SAFT+AFT

IF ( 1L +£Q, ¢) GO TO 300

DC 191 [=1.1IL

JUSLW(T)

Lw(XI)=0n

CTLOC(JJ)=CTLUC (JJ) +ILOAD(NL )
TLOCH (JU)=TLOCH (UJ) + TLOAD(NL)
IL=0

60 TO 340

PO WATMS (CTIME+SLCTY)=CTLOC (NL)

IF ( WWTM ) 601,601¢602

IF ( IL .EQ, v) 60 TO 701

DO 931 i=1,1L

JUSLW(T)

Lw(I)=0
TLOCQ(JJ)=TLOCM(dd)+(LTLOC(NL)-CTLOC(JJ))
CTLOC(Jd):CTLOC(Jd)+(CTLOC(NL)-CTLOC(JJ))
IL=0

GO TO 701

CTLOC(NL)SCTLOC (ML) +WwTM
TLOCH(NL)=TLOCKH (NL) +WwTM

IF ( IL +EQ@, ¢) GO TO 300
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131

133

132

Lbo 39 1=1»IL

JU=LW(T)

Ly (I)=0

CTLOC (JJUI=CTLUC (JUJ) +WnTM
TLOCK (L) STLOCH (ML) +WwTM

I.=9

G TC 3yn
CTLOC(NL)=CTLOC(NL)+TSTOP(NL) /7600
DISTR(ML)I=DISTR(NL)+DSTOP (NL)
TLOCAH(NL)=TLOCI(NL) +TLTOP(NL) /600
SPEED (ML) =0,0

TPASS(HL)=0,0

TSTOP (ML)=0,0

DSTOP (KL )=3,0

TIME(NL)=L0

iF ( 10LC eNE. 1) GO 70O 150

IuLC=0

SSCC=CTTM=CTLOC (NL)

IF ( 55CC) 33503350330

CTLOC (NL)=CTLOC (ML) +S5CC

TLOCH (ML) =TLOCH (TIL) +55CC

IF ( 1. +EQ, y) GO TO 340

DO 337 1=1r1L

JusLw(I)

Lwi(ll=0

TLOCH (JJI=TLOCH (JJI) +(CTLOC(NL)=CTLOC (JJ))
CTLOC(JJI=CTLOC(JUI+(CTLOC(NL)=CTLOC (JU))
ILC=ILC+H]

LC(ILC)=UJ

IL=¢

60 TO 340

IL=IL+1

Lw(IL)=nL

IF(IL EQ. 1) GO TO 130

ARRANGE Lw(IL) IN ASCENDING OKDER

v 131 1=1r]IL
IA(I)=Lw(I)
NAZIL=1

DU 132 J=1/NA
M=dJ

MasJ+1

DO 133 1=MAsIL
IF ( IACI) oLT. IA(M)) MZ]
ITEMP=TA(Y)
IA(J)=TA(M)
IA(M)ZITEMP

120

SEARCH FOR THL SHORTEST VALUE OF CTLOC(I) EXCEPT FOR CTLOC(]L)

ML=1
N1l=2
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145
L4k

141

246

125

DO 134 1zirIL

NJ=IA(I)

IF ( Y JEQs MY GO TU 560
Nnz=1

GO TO sui

MiL=ML+1

NL=ML+1

IF (I JMEe IL) GO TO 134

IF ( il +EG, nl.OCO) GU TO 139
GO TO %41

COMTINIL

Ou 562 u=NKyIL

NJZTA(.)

IF ( N1 JEQ, NJ) GOV TU 563
Ne=NJ=1

DO 137 k=N1l,N2

IF ( CTLOC(ML) ,6T. CTLOC(K))
Nl=aNJ+1

CONTINUE

IF ( WJ JEQ, NLOCO) GU TO 139
DU 140 Ju=N1,NLOCO

IF ( CTLOC(ML) +GT. CILOC(J))
Hi.=ML

GC TO 2uyn

NJZLW(TL)

IF ( Nd +EQ, 1) 50 TO 141
ML=

MNl=2

IF ( nd +EQ@4 2) GO TO 142
MazNJ=1

NO 143 Ju=lileNg

IF ( CTLOC(ML) ,G6T. CiLOC(J))

> N3ZHU+L

N4=NLoCO

IF ( NJ +EQ@, NLOCO) GU TO 14n
DO 145 J=N3eNYy

IF ( CTLOCIML) L6T. CTLOC(U))
NIl.sML

60 TO 2un

MiLz=2

MH1=3

N2=NLOCO

DU 246 J=ivleNe

IF ( CTLOC(ML) GTe CTLOC(JU))
NL =ML,

GO TO 2ue

IF ( NLUE +EQs 1) GO |0 146
IF ( IDC(NL) oFQe 1) 0O TO 140
IF ( Il.¢c EQ, 0) GO TU 150
NI11ZIDE(NL)=1

NO 3441 Iz1eN1)

DU 342 J=1leiNLOCO

ML =K

ML=y

"=y

ML=y

ML=J
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IF ( IDE(J) ,£Q, 1) Gu TO 343
PRINT 2440 1

FURMAT ( ' IDE(NL)=I AT 344 I,y TRANS COULD NOT BE FOUNU', I5)
ST10P

Jihblz=J

D0 344 K=1eILC

IF ( JML JEQ, LC(K)) 6O TO 3uo

GO0 TO 341

ILC=ILC+!

LC(ILC)=NL

SHCC=CTTM=CTLUC (ML)
CTLOC(NL)=CTLOC (NL) +S>CC

TLOCH (ML)STLOCUH (ML) #55CC

IF ( 1l +.EQ, 0) GO TO 371

DO 372 w=lo]IL

JU=Lk (K)

Lw(K)=0n

ILC=ILC+

LC(ILC)Y=UJ
TLOCN(dd):TLOCM(Jd)+(cTTM-CTLOC(dd))
CTLOC(UUIZCTLOC (JJU) + (CTTM=CTLUC (JJ) )
IL=e

G0 TO 371

IF (I EQe Ni1) GU TV 425

H10=I+1

GO TO 247

CONTINNE

GO TO 141

DO 344 L=H10,N11

DO 349 Jz=1eNLUCO

IF ( IDE(J) kA, L) Gu TO 359

PRINT 351, L

FURMAT ( 1X»'STOPPED AT 351 In TRANS'» I5)
STop

Jusd

TLOCH (W) =TLOCH (JU) +( CTTM=CTLOC (Uy) )
CILOC (W) =CTTM

ILC=ILC+]

LC(ILC)=ud

COATINUL

IF ( 1PE(NL) LEQ, HWLDE) 60 To 349
N1J3=T0F (NL) +1

DO 420 I=N13,nLDE

DO 421 J=1'NLUCO

IF ( IPE(J) e0, I) GU TO 422

PRINT 423

FORMAT ( 1Xs' STOPPED AT 423 [N TRANS ')
sTopP

JuzJ

ILC=ILc+?
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146

355

357
356
358

350

37¢

147

144

LC(ILC)=uv
SHCC=CTIM=CTLCLC (JJ)
CILOC(JJ)=CTLOC (JJ) +S5CC
TLOC4(JJ)=TLOL“(JJ)+SSCC

CONTINUE

GO TO 34¢

IF ( LS(NS+1) .FQ, 0 ,LOR, LSINS+1) LEQ. 1) GO Tu 147
IF ( ILC «EQ, 0) GO Tu 150
NNSS=iS+1

DO 352 I=1r NLOCO

IF ( LL(I) +Eu. HHNSS)Y GO TO 353
PRINT 394» NNSS

FORMAT ( 1Xs* STOPPED AT 345 1iv TRANS', I5)
SrTop

II=1

IF ( LOAD(II) .FEN, 0) GO TO 36
JIZII+1

DO 355 wK=Jl,NLOCO

IF ( LL(K) +EG. NLSS) 60 TO 357
PRINT 354+ NNSS

STOP

II=K

DO 358 I=1rILC

IF ( LC(I) 4Eue T1) GO TO 359

GO TO 1b9

SSCCECTTM=CTLOC (L)

TLOCH (NL)=TLOCU (NL)4S45¢CC
CTLOC(NL)=CTLGC(1IL) +S5CC

ILC=ILC+]

LC(ILC)=NL

IF ( IL +EQ, 0) GO TO 349

DO 370 J=1.1IL

JJSLW(J)

Lw(J)=0
TLOC4tJd)=TLOCu(JJ)+(CTTM-CTLOC(dd))
CTLOC (U =CTLOC (Ju) +(CTTM=CTLUC (JJ))
ILC=ILC+

LC(ILC)=ud

IL=0

GU TO 340

NLDE=NLDE=1

DU 148 I=1sNLOCO

IF ( 1ne(l) .EQ, 0) GO TO 148
IDE(I)=IDE(Y)=1

CONTINUE

CALL MOTION ( MNILeNS)

CILOCINLIZCTLOC(NL) #TAME(NL) /00,0
NSENS+1

LL(NL) =NS

LSINS) =l .S{NS)+2

123
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165

151

123

469

4ol
Yol

403

465

467
406
4p8

469

157

124

IF ( LOGPRT ,NE, 02) GO TO 165

NS1=NS =}

NS2=Ny

PRINT 411

PRINT 412» RNLpCTLOC (Nw) e NS1,NS20LOAD (NL)

IF ( IL +EG, 0) GO TO 300

DO 151 I=1r]L

JU=LW(I)

Lw(I)=0

CTLOC(JJU)=CTLOC(JU)+TLIME(NL) /70U,

TLOCH (UJ) =TLOCUH (JU) +TINME (ML) /000U

IL=0

GO TO 3u0

TRAIN LOADED

NSZLL (NL)

IF ( NS LEQ, 1) GO TO 155

IF ( NS LEQ, NSW) 6O 10 156

IF ( NS JEQ, 2) GO TO 157

IF ( LS(NS=1) +EQ, 1 LOR, LLI(NS=1) +EQ, 3) GO TO 460
Gu TO 157 '
IF ( ILC +EQ, ) GO Tu 129

MNSS=Ns=1

ODv 462 I=1NLOCO
IF ( LL(TI) oEwe NSS) 0O TO U463
PRINT #olb» NSS

FORMAT (1Xe'STOPPED AT 464 Il TRANS', I5)
STOP

Il=1]

IF ( LOAD(II) JEQ, 1) GO TO foo

JIZII+]

DO 465H K=J1sNLOCO

IF ( LL(K) +EGe NSS) 60 TO 467/
PRINT 4ol NSS

STOP

I1=K

DO 468 1=1r]ILC

IF ( LC(I) +EQe II) GU TO 469

G0 TO 129

ILC=ILC+1

LCCOILC)=NL

IoLc=1

GO TO 129

CTLOC(ML)=CTLOC(NL) +IPASS(NL)/6U,.0
DISTR(MNL)=SDISTR(NL)+DSTOP (NL)
TLOC3 (ML) =TLOC3(NL)+THASS(NL)/700.0
LSINS)=LS(NS)~1

CALL MOTION(NLNS)
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125

CTLOC (ML) =CTLOC(NL) +TIME(NL) /000
TLOCA(MNL) STLOCI (ML) +TIME(NL) /uu, 0
NS=NS=1
LL(NL)-NG

S(NS)=LS(NS)+1
IF ( LOUPPT NE. 0) Gu TO 41y
NSl-N

NS2=iy

PRINT 41

PRINT 412 NLeCTLOCINL) 'NS1yNo2 e LOAD(NL)
IF ( Il +EQ, () GO TO 3C0

IF (LIL +EQe U ) GO Tuv 525

Du 1o6e i=1lrIL

DO 526 u=lrL]IL

IF ( LW(I) oEwe LLWIJ)) GO TO L29
ATPS=0,v

GO TO. 54N

ATPSSFTPS

JJI=Lw (1)

CTLOC(UJ)=CTLOC(JU) H+ATPS+TIME (L) 760.0
TLOCUH (JU)=TLOCH (JJ) +ATPSHTIML(IL) /60,0
CO 531 1=1r1IL

DU 532 u=lrLIL

IF ( LW(I) JEQ, LLW{(J)) GO TO bL31
LIl=LIL+1

LLW(LiL)=Lw(I)

CONTINUE

FTRS=TSTOF(NL)/7Q0,u

DO 37 1=1.1IL

Lw(])=¢

IL=0

GO TO 3u9

S 0V 526 1=1,1L

JSLW(1)
CTLOC(UJ)=CTLOC(JU)+TIME(NL) 76U, 0
TLOCH (LJI)STLOCH (JJU)+TLME (NL) /00, 0
LIL=IL
FTPS=TSTOP (NL)/60,u
NO S27 [=1vLIL
LLW(I)=Lw(l)

DO 38 1=1,IL

Lw(I)=9

IL.=0

GU TO 340

CTLOC (NL)SCTLUC (ML) +THTOP(NL) /600
DISTR(NL)=DISTR(NL)+DSTOP (NL)
TLOC3 (ML) =TLOCI (ML) #TSTOP (ML) /6040
SPEED (ML) =049

NLOL=LDL+1

IDL (NL)=NLDL



Sroemtaing [ [P
— vl [ a2

lod

159

lol

5065
937
266
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1F ( IL .EQ, y) GO TO 159
DO 103 I=1.1 :

JUs=LW(r)

LW(I)=p
CTLOC(JJ):CTLUC(Jd)+TbT0P(NL)/60.O+TIME(NL)/60-0
TLOCH (UJ)=TLOCH (JU) +TLTOP (ML) /004 0+ TIME (NL) /760« 0
IL=9

IF ( NLOL +EQ. 1) 60 TO 161l

GO TO 3un

CALL OUMP (NL)

CTLOC (ML) =CTLOC (NL)+TUUMP (NL)
TLOC2(NLI=TLOC2 (NL) +TLUMP (NL)
NLDL=NLl.=-1

IOL(NL)=I0L (ML) =1

NLDE=NLDF+1

IVE (NL ) =NLDE

LS(NS)=LS(N5) -1

WTTRN(NL) SWTTIKMN(NL) =W I LOAD (NL)
WTO=WTD+WTLOAD (L)

WTLOAD(iNL)=0,0

GO TO 3u0

IF ( LS(NS=1) +EQ. 1 LOR, L5(NS=1) EQ. 3) GO TO 500
Gu TO 511

IF ( ILC «EQ, 0) GO Tu 150

NNGS=ING=1

DO SC1 I=1¢NLOCO

IF ( LL(I) +EQ. HNSS) GO TO %2
PRINT 593

FORMAT ( 1Xo'STOPPED AT 503 liv TRANS')
STuP

Ii=I

IF ( LoAD(II) JEQ, 1) GO TO S, 4
JIZII+1

DO 50YH K=J1l¢NLOCO

IF ( LL(K) oEwe NNSS) GO TO Sub

PRINT 507

FORMAT ( LX»*STOPPED wT 507 Tiv TRANS')
STOP

Il=K

DO 506 L1=1eILC

IF € LC(I) JEGe II) GO TO 509
6U TO 150

SSCC=CTIM=CTLOC (HL)

TLOCH (NL)=TLOCH (NL ) +S5CC
CTLOC (ML) =CTLOC (NL) +S5CC
ILC=ILC+1

LC(ILC) =ML

IF ( IL +EQ, () GO TO 340

DO 510 J=1oIL
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392

127

JJzLW ()

Lw(J)=0

TLOCY (JJ)=TLOCH (JJ) +(LTTM=CTI.uC (JJ))
CTLOC (JJ)=CTLOC (JJ) + (LTTM=CTIL.UC (JU))
ILC=ILC+)

LC(ILC)=JJ

IL=0

GO TO 340

LSINS)=LS(NS) =1

CALL MOTION ( ML#HS)

NS=HNS=1,

LS(NS)=LSINS) +1

LL (NL)=NS

CTLOC(NL)=CTLOC (NL)+TIME(NL) Z0U,0
TLOCI(NL)STLOCI(NL)+TLIME(NL) 70V 0
IF ( LOWPRT ,ikF. 0) GO TO 165
NS1zlis+l

NS2=Ng

PRINT 4i1

PRINT #5120 NLoCTLOC (W) e NS1 1529 LOAD(NL)
GU TO 165

> NLOL=NLLL+L

ToL (ML) =NLDL

IF ( NLUL «EQ. 1) GO 10 167

IF (IuL(NL) LEQ. 1) GU TO 168

IF ( iLC +EQ@, 0) 60 Tu 150
N1l=IULL(NL)=1

NO 381 I=1.H11

DO 382 J=1e¢NLOCO

IF ( IDL(J) .tQ, I) GU TO 383

PKINT 384 I

FORMAT ( 1Xo'STOPPED AT 384 IN TRANS'e 15)
STOP

Jhk=J

DU 385 K=1eILC .

IF ( JNL +EQ, LC(K)) U TO 380

60 TO 381

ILC=ILC+1

LC(ILC)=NL

SSCC=CTTM=CTLLOC (NL)

CTLOC (ML) =CTLUC (NL) +S5CC

TLOCH (ML) =TLOCH (NL.) +55CC

IF ( IL +EG@, ¢) GO TO 391

DO 392 K=1rIL

JU=LWw(K)

Lw{K)=0

ILC=1LC+]

LC(ILC)=JJ
TLOC4(dd):TLOC4(JJ)+(CTTM-CTLUC(JJ))
CTLOC (UJ)=CTLOC (U D) +(LTTM=CTLUC (JJ))
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IL=9
391 IF ( I +EQe N11) GO TU 426
N1J3=1+1
GO TO 337
381 COUNTINUE
GO TO 150
387 DU 388 L=MN1O,N11
DO 389 Jz=1eNLOCO
389 IF ( IDL(J) LEQ, L) GV TO 400

PRINT 4u1l

40l FORMAT ( 1X, *STOPPED AT 401 i TRANS')
STOP

400 JJd=J

TLOCH (UU) =TLOCU (JU) +(CTTM=CTLULC (JJ) )
CTLOC(UJ)=CTLOC (JJ)+(LTTM=CTLUC (JJ))
ILC=ILC+]
LCCILC)=uJd

388 CONTINUE

426 IF ( INL(NL) LEQ. NLDL) GO TO 349
N13=1DL (NL)+1
DO 430 I=N13,nNLDL

, DO 431 J=1/NLOCO

431 IF ( IDL(J) LEQ, 1) GU TO 432
PRINT 133

433 FORMAT ( 1Xe?'STOPPED AT 433 Iiw TRANS')
STOP

432 Jd=J
ILC=ILc+]
LC(ILC)Y=uJ
SSCCECTTM=CTLOC (JJ)
CTLOC (JUJ)=CTLOC (JJ) +S5CC
TLOCH (JJ)=TLOCH (JJ) +S5CC

450 CONTINUE
GO TO 340

107 IF ( LS(NS) EQ, 1) GV TO 169
LSINS)=LS(NS) =1
GC TO 106

109 LS(NS)=LS(NS)+1
GO Tu 166

108 IF ( LSINS) EQ, 3 ) 60 TO 150
LS(HS)=LS(NS)+2

166 CALL LUMP(NL)

CTLOCINL)=CTLUC (NL)+TUUMP (NL )
TLOCZ (HL)=TLOC2 (NL) +TUUMP (NL.)
NLDL=HLDl.=1

NLDE=NLUE+L

IDE (NL)=NLDE



oW ol o

171

172

172

173

36N
175

79

734

733

729
136
42

re7
725
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WTDSWTO+WTLOAD (NL)
WTTHN(NL)=WTTRN(NL)-WILOAD(NL)
WTLOAD (L) =D, ¢

IF (NLRL oEQ, 1) GO Tu 170

DL 171 1=1¢NLOCO

I IDL(I) L£Q, G) GU TO 171
IDL(I)=1DL(])=1

CONT InUE

Gu TO 172

IDL QL) =IDL (B ) =1

IF ( IL EQ, {) GO TO 300

DO 178 I=1rIL

JJZLW(T)

LW(I)=p
CILDC(JJ)=CTLOC(dd)+TUUMP(NL)
TLOC4(JJ)=TLOC4(JJ)+TuUMP(NL)

IL=0

GO TO 300

DV 175 I=1eNLOCO

IF ( CTLOC(I) o GE, TIwmAX ) GO TO 176
IF ( InL0AD ,eQ, ) GG TO 301

IF ¢ ILaTID £Q, 1 ,ANDs NL oLT, NLOCO ) GO TO 301
CITMZCTIME + SCCT

IF ( ILC +EQ, 0) 6O Tu 733

DO 734 1=z1eNLOCO

DO 73% u=lelLC

IF (1 «EGe LC(J)) GO TO 734

IF ( CTLOC(I) LT, CTIM) GO Tu 744
ILC=ILC+)

LC(ILC)=1

CONTINUE

GO TO 736

DO 72¢ 1I=1+NLOCO

IF ¢ CTLOC(Il) LT, CTTM) GO Tu 720
ILC=ILC+1

LC(ILC)=I

CONTINUE

IF ( ILC +EQ, 9) GO TU 301

IF ( ILC +GE, NLOCO) o0 ToO 704

FIND THe SMALLEST VALUE OF CTLOC(I) EXCEPT FOR CTLOC (1LC)

M=1

DO 725 1=1»ILC

IF ( M +EQe LC(I)) GO T0 726
GO TO 7¢8

M=M+1

GO TO 727

Mlz=M+}

IF ( M1 6T, HNLOCO) GU TO 841
DU 729 1=M1,NLOCO

MU=1
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DO 730 u=lr]ILC

733 IF ( M oEQe LC(J)) GU TO 729
IF ( CTLOC(M) LLE, CTLOC(MJ)) GO 'TO 729
Mz=MJ

129 CONTINUE

841 MNL=M
Gu Tu 2y0

176 PRINT 177

L77 FORMAT ( 1HQ, *SIMULATION TERMIUNATED BY MAX CLOCK TIME ALLOWED )
IDEOS=]
G0 TO 741}

PRINT THE SUMMARY OF SIMULATIUN AT THE END OF RUN

€99 PRINT 1930)HAUL ' WTGoWTL
193 FORMAT ( 1H1,'LENGTH UF HAULAGE LINE=',F12,3/' *, 'WT OF MUCK GENER

SATED=y, F12,3/' 'y "Wl OF MUCK DUMPED=',Fl2,3 //)

PRINT 194
194 FORMAT (1H1l, 'LOCO NO. CLOCK TIME LOADING TIME DUMPING TIME RUNiJ

PING TIMe WAITING TIME DISTAMCE TRAVELED?')

DO 195 [=1+NLOCO

CTLOC(1)=CTLOC(T1)/60,¢

TLOCL(1)=TLOCL(I)/60,0

TLOC2(1)=TLOC2(1)/60,0

TLOC3(1)=TLOCO(1) /60,0

TLOCH(T)=TLOCU(1)/60,0
195 PRINT 1969 I,(TLOC(I)»TLOCL(IL)»TLOC2(I)»TLOC3(I),TLOCK(L)sDISTR(I)
196 FORMAT (2X0I393X0F 12,30 4(3Xet10e3)r F15,3)

IDEOS=

101 RETURN

EnND

COMPILATIONS NO  DIAGWNOSTICS,




