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INTRODUCT | ON

This paper summarizes the philosophy and tech-
niques underlying the development and subsequent appli-
cation of a simulation model to provide data essential
to a cost and performance analysis of an intermodal dry
bulk commodity transshipping terminal. The use of the
model assists the materials handling engineer or trans-
portation analyst in quickly evaluating alternate
system configurations and component sizes under various
conditions and loads.

The transshipping terminal provides the crucial
interface between the different transportation modes
present in an intermodal haulage system. For this
reason, it is essential that the terminal be evaluated
in the context of the entire transportation system
(Reference 1). A broadened and comprehensive approach
is necessary wherein each component of the network is
viewed as equally important.

The integrated intermodal transportation system,
as modeled, is composed of servicing components at the
mines or plants for train loading; at the transshipping
terminal for train unloading and vessel loading; and at
the destination for vessel unloading. The unit trains,
used for the commodity movement from the mines or
plants to the transshipping terminal, consist of
dedicated sets of locomotives and cars designed to
operate as an entity. The vessels used for the water
borne movement are typically high capacity, high speed
vessels, often designed with integral self-discharging
systems for fast, efficient unloading at the destination.

The terminal is a vital component in the overall
haulage system. Unless the terminal is designed with a
careful analysis of its performance relative to the
intended operating environment, the potential of the
unit trains and vessels may never be fully realized.
Any delays at the terminal could dramatically affect
the economies of the rail and shipping links. The
design of the terminal must accommodate the day-to-day
transfer of material and the associated fluctuations in
the input/output flow. An additional buffering capacity
is also required in those locations where the navi-
gational season is restricted if the unit train and
mine or plant operations are to continue year round.
This results in a complex surge and buffering operation
which requires comprehensive, in-depth analysis to
determine an effective solution.

The model developed by ORBA was designed to facili-
tate in the analysis of a terminal with both surge and
buffering capacities. The terminal design incorporates
a "live' storage area to accommodate the day-to-day
operations. The buffering required for substantial time
lags between shipping and receiving is provided by
''dead'’ storage.

To illustrate the buffering problem, consider the
following. Assuming a shipping season of eight (8)
months and a receiving period of twelve (12) months,
approximately 33% of the annual throughput would be
accumulated in on-the-ground dead storage during the
four (4) winter months as shipping ceases. Upon commence-
ment of the shipping season, all material received
would be routed to vessels whenever possible. The
input flow routed to vessels must be augmented by a
steady depletion of the dead storage piles to meet the
required output flow. Assuming an eight month shipping
season, an average of 67% of the material required to
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load a ship would be routed from trains (either directly
from train to vessel or from train to live storage to
vessel) and 33% of the material required to load a ship
would be reclaimed from dead storage accumulated during
the winter months to augment the input flow from trains.

Many designs are possible to provide the necessary
receiving, shipping and storage capabilities. It is
difficult to evaluate the overall cost and performance
implications of one configuration as opposed to another
A simulation of the various configurations and component
capacities provides a rational basis for comparison
(Reference 2).

IMPLEMENTATION LANGUAGE SELECTION

Because the flow paths and rates within the terminal
change dynamically based upon the storage levels and
the system status, the material movement within the
facility from one area to another must be represented
as a continuous process. The flow rates and/or paths
change discretely based upon continuously changing
storage levels. The train and vessel movements to and
from the facility are discrete events.

GASP 1V was chosen as the implementation medium
because it provides flexibility to enable the dependent
system flow rates and paths to change discretely based
upon continuously changing storage levels while providing
discrete event capabilities to mimic the train and
vessel movements. GASP |V provides the key functions
of event control, continuous variable updating, system
initialization and program monitoring for the user
(Reference 3). Now to the specifics of the model.

CONTINUQUS ASPECTS OF THE MODEL'S IMPLEMENTATION

The material movement within the terminal is
represented in the model by using continuous techniques.
State variables are used to represent all continuously
changing terminal attributes. These constantly changing
attributes include the levels of the storage piles and
the contents of the train(s) unloading and the vessel(s)
loading. Each is represented by a state variable
accessible by a unique index. The number of storage
areas to be represented is a function of the terminal's
design requirements. The material is stored within the
terminal by commodity number. Each terminal customer's
material may be stored in separate areas if required by
assigning unique commodity numbers.

The material movement is mimicked by establishing
the attribute values of a flow path and rate for each
specific servicing entity which moves material within
the terminal. The flow path for each material movement
subsystem defines the source and destination of the
material being moved by identifying the index of the
state variable representing the respective piles. The
rates associated with each subsystem include a maximum
rate equal to the design capacity of the component, an
allowable rate possible at a specific instant in time
and the actual rate in effect. The maximum rate is an
inputed constant indicating the maximum design capacity.
The allowable rate is modified due to equipment failures
and/or availabilities but it is always less than or
equal to the maximum rate. The actual rate denotes the
current rate of material transfer occurring at any
instant in time. The actual rate is always less than
or equal to the allowable rate. The actual rate for



the system changes discretely based upon the flow path
and the continuously changing storage lcevels.

The state variables representing the various pilces
are updated when GASP calls the user dcfined routine
STATE. The flow rate for each matcrial movement sub-
system is evaluated and the amount of material moved
during the time increment is added and subtracted from
the respective piles (state variables) as defined by
the flow path.

Certain conditions of the continuously changing
terminal attributes require action. These conditions
include reaching the maximum or minimum level of a
storage pile or the amount of material in a train being
unloaded reaching zero or the amount of material in a
vessel being loaded reaching the desired cargo level.
GASP calls the user defined routine SCOND to determine
if one or more of these conditions has occurred thereby
causing a state-event. GASP uses the variable ISEES
set in SCOND to communicate whether or not a state-
event has occurred. When a state-event is detected,
GASP automatically calls the user routine EVNTS with
the event code for the state-event decoding module.

The state-event or events that occur are determined
by the user examining the flags set in SCOND. A test
is made to determine if the contents of the train
unloading has reached zero. If so, the completion of a
train unloading is simulated by a call to the event
routine which performs the required activities. A test
is then made to determine if a ship has completed
loading. If so, the routine simulating the activities
required when a vessel loading is completed is called.
A final test is made to determine if a storage problem
has been detected. If so, the ''routing' algorithm is
activated to reallocate the terminal's resources as is
necessary. Sequential testing of the various flags is
necessary as more than one condition may occur simul-
taneously.

The routing algorithm embodies the entire logic
flow and operating procedures specific to the terminal.
All priorities for the allocation of the facility's
resources are incorporated in the algorithm. The ship
loading function has priority over train unloading
operations. If both are competing simultaneously for
the same servicing component, the ship loader is given
preference. Material movement in anticipation of an
impending arrival has the lowest priority and is performed
during idle periods. An example of this type of activity
would be moving material into the live storage area
prior to a vessel's arrival when the anticipated pile
level is not sufficient for vessel loading.

Modeling different terminal flow configurations
necessitates a modification of the ''routing' algorithm.
Various designs generally would involve changing the
flow paths. For example, one terminal design might
allow material to be transferred directly from the car
dumping area to either live or dead storage area.
Whereas, another design may transfer all incoming
material to the live storage area and use another
system to move material from live to dead storage. To
effect the necessary modification, new flow path choices
for the car dumping and stockpiling system are incorpor-
ated into the 'routing'' algorithm. More substantial
configuration changes may be made easily due to the
modular construction of the model itself.
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DISCRETE ASPECTS OF THE MODEL'S IMPLEMENTATION

The simulation of the train and vessel movement to
and from the terminal is obtained by using an event
modeling philosophy to facilitate an analysis of the
queucing problem and its effect upon the train and
vessel cycles.  The routines required for representing
the trains and the ships are quite similar, thus, for
brevity the discussion will be limited to modeling the
train movements, as they are more complex.

The event for the completion of a train unloading
operation at the terminal is a state-event caused by
the contents of the train reaching zero. Within the
event routine for the completion of unloading, the
train currently completing unloading is removed from
the file used to save its attribute values. Statistics
on the unloading time and rate are updated and the
unloading system's status is set equal to ''not busy."
The routing algorithm is then activated to reset the
flow rates and paths. The activities required to model
the train's exit from the terminal are a function of
the track layout associated with the terminal. If the
exit path is such that no blocking conditions may
occur, then the routine calculates the transit time and
schedules the train's arrival at the appropriate mine.
If the train's exit path involves possible blocking,
then the train's arrival at the blocking position is
scheduled. Although not specifically stated, many
different switches may be required to indicate the
train's location on the loop track. As the complexity
of the loop circuit increases, the modeling effort
becomes substantial. This level of detail is required
only if precise data on the blocking conditions is
needed.

The routine which does the event processing for
a train's arrival at the mine is scheduled when the
train exits the terminal. The mine number is determined
by examining the attributes of the train. The arriving
train is placed in the appropriate mine's loading queue
and the queue statistics are updated. Data is also
collected on the transit time. An attempt to load the
train is scheduled to occur immediately.

An event signifying an attempt to load a train at
the mine is scheduled whenever the loading facility
becomes free or a train arrives for processing. When
an event signifying an attempt to load occurs, the
status of the loading facility is interrogated. If the
loading facility is busy, no action is taken and control
is returned to GASP. If the loading facility is free,
the queue is examined to determine if a train is waiting.
If no train is awaiting service, control is returned to
GASP. If there is a train waiting and the facility is
not busy, the train in the waiting queue is removed and
the queue statistics updated. The queue structure may
be varied on input to be ranked by user number, arrival
time or a service factor as desired. The mine loading
facility status is set to ''busy.' The loading time is
computed and the completion of the loading activity is
scheduled at the current clock time plus the loading
time. Control is then returned to GASP after collecting
data on the loading rate and time.

The event signifying a completion of the train
loading at the mine is scheduled when the loading is
initiated. When the event occurs, the status of the
loading facility is set equal to '"not busy.'' An attempt
to load at the mine is scheduled immediately. The
arrival of the train at the terminal is then scheduled.
A delay associated with processing at the mine is
included to be representative of those delays caused by
other mine customers which are not simulated by the
model .



The event for processing train arrivals at the
terminal varies depending upon the track configuration.
The number of trains which may be present on the loop
track simultaneously must be determined. The track
configuration must also be examined for possible blocking
or interference points. When a train arrives at the
terminal's boundary, a check is made to determine if
the train may advance onto the property. |f conditions
within the terminal permit, the train's arrival at the
holding area is scheduled. Conditions are checked to
determine if entering delays occur and the travel time
is modified as required. |f an actual blocking condition
may occur, the train's arrival at the blocking location
is scheduled. Several different queues may be present
at the terminal representing the blocking locations. A
queue of finite size exists representing the holding
areas on the loop track. Trains that cannot be processed
directly on the loop circuit because it is filled to
capacity are placed in a secondary receiving queue
outside the terminal. |If interference occurs between a
train indexing through the dumping cycle and an exiting
or entering train, the train indexing is given the
right of way. Under no circumstances is the path of an
indexed train obstructed by an entering or exiting
train. When the location of an indexing train must be
determined to establish the route of another train, its
location is calculated by examining the amount currently
remaining in the train relative to its initial contents.
Once the arrival of the train at a holding area is
scheduled, control is returned to GASP.

The event routine for processing a train's arrival
at a holding area automatically places the train in the
appropriate holding queue. An attempt to advance the
train to the next checkpoint is scheduled immediately.
The path of the train to the unloading facility is
dependent upon the actual track configuration. As a
train successfully exits a checkpoint, actions are
initiated to advance another train. This technique of
passing the train through various checkpoints allows a
dynamic routing of the train within the terminal as
conditions require. After passing a final checkpoint,
the arrival of the train at the unloading system is
scheduled.

The preceeding discussion of the train's advance
through the various checkpoints is based upon removing
trains from each queue on a '"first-entry/first-removed"
basis as ranked. The ranking may be by user number,
arrival time, commodity number or service factor. |If
the terminal has more than one train unloading system,

a more elaborate entering procedure is required. For
example, if the terminal has three train unloading
facilities, and each facility handles only certain
specific commodities, a decision must be made as to

which specific system is to be utilized. This implies
that the path of the train is determined by the commodity
carried in relation to the configuration of the specific
commodity flows. The allocation of commodity storage

at each servicing facility may have a dramatic effect

on the overall terminal performance.

The event for the arrival of a train at the
unloading facility is scheduled as the train exits the
final entering checkpoint. The status of the unloading
facility is set to "busy.'" The attributes of the train
are stored in a file to save critical data. The value
of the state variable representing the contents of the
train unloading is set equal to the train payload. The
"'routing' is then activated to establish a flow path
and rate for the train unloading system. The com-
pletion of the unloading activity is not a scheduled
event. It is a state-event detected when the contents
of the train unloading has reached zero. It is essential
that the train's attributes be stored in a file as no
event was scheduled which would preserve the train's
attribute values.
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The events required to mimic the vessel's movement
are quite similar to those for the train movements to
?nd from the facility and hence no further clarification
Is necessary.

GENERAL APPRAISAL OF THE IMPLEMENTATION APPROACH

The implementation approach used enables a modular
construction of the model which facilitates modification.
Any particular aspect of the model is easily changed as
the design of the terminal evolves. Each aspect of the
terminal's function is detailed within the model to
provide the necessary performance data as required
without effecting major changes in the actual program.

One significant drawback is that the development of
such a model requires programming abilities combined
with a knowledge of both transportation and material
handling systems. The time constraints involved in
developing or modifying such a model usually require
the talents of an individual capable of performing both
the design analysis and programming to achieve the
timeliness of the results.

APPLICATION OF THE SIMULATION MODEL

The simulation model provides valuable data and
insights about the effects of utilizing different
component sizes and capacities. This is particularly
true when sizing the live storage area. There are
definite cost trade-offs between various live storage
capacities and the live-to-dead and dead-to-live transfer
modes and rates. Degradation of the material caused by
excessive handling may also become a critical factor with
some commodities.

The live storage capacity which is necessary to
reduce the double handling of incoming material received
during the shipping season is related to the frequency
of vessel calls, the vessel cargo tonnages and the
operating procedure for augmenting the input flow from
trains to meet the shipping demands. By examining the
output produced by a simulation run depicting the
operating configuration, the tonnages requiring multiple
handling may be determined and costs assessed. The com-
bined effect of the live storage size and the handling
rates of the system (in terms of tons per hour) pro-
viding the live-to-dead and dead-to-live material transfer
may dramatically affect the train unloading and/or
vessel loading rates. For example, if a train is to
unload and the live storage area which must receive the
material is full, the train may not unload at a rate
greater than the rate of which material may be withdrawn
from the receiving pile regardless of the unloading
system's rate. If the support systems for the material
movement into and out of the live storage area are busy
with a loading vessel, the train unloading rate would
drop to zero. Similarly, if the contents of live
storage is not sufficient to load the vessel, the
loading rate may deteriorate due to insufficient material
transfer rates from dead-to-live storage.

The problems depicted above are representative of
those which the simulation output indicates, but they
are by no means exhaustive. The interaction of the
various system components produces subtle consequences
which would defy prediction by any technique
other than simulation. The simulation model may be used
to provide performance data for numerous combinations of
storage capacities and component sizes to facilitate a
more rational basis for design decisions. Simulation
modeling allows the system designer to efficiently use
his judgement by providing assurances as to the logical
and inevitable consequences that result from his
decisions.



The use of the simulation model as an analysis
tool need not be confined to the design staqcs. The
model provides value insights into the terminal's
ability to respond to various customer loads and con-
figurations. The effect of adding additional customers
to an existing terminal may be assessed to enable
management decisions regarding futurc facility usage.
For example, if the proposed addition of another
customer deteriorates processing of the existing
customers, the per ton charges of the customers may be
adjusted accordingly to compensate for the changing
performance characteristics as indicated by the simu-
lation output.

The output generated from a simulation model is
determined by the user's requirements. Depending upon
the items of interest, the type of output produced may
vary substantially. Several excerpts from a repre-
sentative application are included to illustrate the
type of output reports which may be generated.

Many possible areas of application exist. The
potential of the simulation model to provide data to
assist in decision making is limited only by the vision
of the user.
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