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respectively. A GSL program consists of blocks which each
describe a basic process, and are composed of a process
description and a data description. The process description
characterizes either the differential or difference
equations which specify continuous system state changes.
Additionally, continuous descriptions may be imbedded within
a discrete block. An executable copy of the simulation
block is known as a process instance and is analogous to a
GPSS transaction. Several process instances may Dbe
associated with each process description. A data
description specifies the entities' attributes for each
process instance of the associated process description.
Thus the sole function of each simulation block is the
definition of each data structure, providing a set of
instructions for operations on that structure. GSL utilizes
macro-oriented procedural sections for the representation of
special purpose operators. A GSL program simulates a system
through creation, execution, and manipulation of discrete
and continuous process instances.

GSL is a FORTRAN based simulation language. Its
translator 1is constructed in ALGOL and generates FORTRAN
programs which facilitates wuse of optimizing FORTRAN
compilers. Dynamic storage allocation during simulation is

incorporated.
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12.10 REPLICAS
[58]

REPLICAS is a FORTRAN based continuous system simulation
language. The language structure permits the model to be
represented by first order differential equations utilizing
a predefined statement type. The arguments of these
equations specify the system state, and conventional FORTRAN
arithmetic expressions and trigonometric functions may be
~used in their construction. Additional statement types are
available for describing discontinuous or discretely defined
functions. Conditional and alternative calculations of
certain variables which are part of the model description
afe also represented by a preset statement type, and a
generalized limiting function 1is included. Keywords are
used to categorize the program statements in terms of the
mathematical model itself, its forcing functions or
disturbances, and its design specifications. For example,
the 1length of time required to observe an event is
considered a forcing function, and design specifications
can, for the occurrence of a given condition, require that a
certain parameter assume a particular value. The simulation
program is a model translation utilizing these specified

statement types. The statement input order is irrelevant.
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REPLICAS incorporates the Gear algorithm for evaluation
of differential equations by either the integral or
differential method. The processor utilizes a fixed
increment time advance mechanism, and incorporates the use
of a nonlinear constrained optimization facility. At the
present time REPLICAS is relatively untested. However, it
has been proposed for the analysis of general engineering,

scientific, and econometric simulation models.

12.11 SIMAN

[(71]

SIMAN is a recently developed simulation language capable
of performing simulation analysis of discrete, coﬁtinuous,
and combined discrete/continuous models. Discrete models
may be described utilizing either a process interaction
approach, and/or an event scheduling approach. The process
interaction approach permits the user tp represent fhe
model's functional operations with a block diagram. The
diagram may be constructed using an interactive or batch
mode. The interactive mode permits graphic diagram
construction on a computer and incorporétes real time error
checking. The batch mode permits diagram construction as a
form of batch statement input. The event scheduling

orientation involves a set of user written FORTRAN



88

subroutines consisting of mathematical/logical expressions.
These subroutines are used to describe instantaneous state
changes which occur at event times. Continuous models may
be described by algebraic, difference, and/or differential
equations. Numerical integration is automatically performed
when required.

The system operation 1is represented by entities which
flow through the block diagram. The entities may be

individualized through the assignment of attributes which

characterize them. The pattern of entity flow may be
sequential or non-sequential as desired. Three distinct
event types are permitted. Block events occur due to the
arrival of an entity to a block. Time events are those
which have been schedﬁled to occur. State events occur when
a continuous variable crosses a prescribed threshold. The

language incorporates special features for modeling material
handling systems which include industrial trucks, cranes,
hoists, manipulators, and conveyors.

SIMAN is a FORTRAN based simulation language and 1is
designed for wuse on minicomputers, and sixteen Dbit
micro—compﬁters as well as large computer mainframes. The
language incorporates a well developed subprogram library
for required simulation functions such as event scheduling,

file manipulation, and data collection. Data analysis and
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display occur separately from program execution and
facilitate the generation of plots, tables, barcharts,
histograms, correlograms, and filtered data sets. It is
also possible to create output which is formatted for direct
input - to the Tektronix Plot 10 Easy Graphing Software.
Random sample generation 1is provided for from fourteen

distributions, both theoretical and user specified.

12.12 SIMSCRIPT II.5
[11,52,86]

SIMSCRIPT 1II.5 is the current version of a general
purpose language which incorporates specialized capabilities
that facilitate the development'of discrete evént simulation
programs. The language is primarily event oriented with
limited process interaction techniques. The system state is
completely described by the attribute wvalues of system
entities. Changes in these values occur at discrete points
in time known as event times, and the language utilizes a
next event time advance mechanism. SIMSCRIPT II.5 is
statement oriented, utilizing free form input which can be
learned and used at varying levels of sophistication, these

being;

Level One: Language statements comparable to BASIC,
introduction of programming concepts of a

simple algofithmic language.
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Level Two: Comparable in power to FORTRAN, additional
capabilities include report generators and
increased data structure abilities.

Level Three: Inclusion of ALGOL type statements.

Level Fogr: Incorporation of a structure for representating
entities, attributes, and sets or collections
of entities.

Level Five: Inclusion of provisions for timekeeping, sample
generating , organizing of subprograms for
representing of system activities, and data

accumulation and analysis.

SIMSCRIPT II.5 is one of the few 1angﬁages with an
associated package for performing statistical analysis of
simulation -output data. Either continuous or combined
discrete/continuous models may be analyzed utilizing an
extension of the language known as C-SIMSCRIPT. Routines
are provided for random sampling frbm eleven probability
distributions, and complete wuser control of statistics

collection is permitted.



91

12.13 SIMULA
[5,8,27,40]

SIMULA 1is a general purpose language with special
features which facilitate discrete simulation. It was
developed as an extension of ALGOL 60, actually including
the language as a subset. SIMULA 1is process oriented,
describing a process as a combination of a data structure
and an operation rule. A data structure defines the
properties of the process. The operation rule specifies the
actions to be taken and is composed of events which occur at
a particular point in time. SIMULA has the ability to
create, destroy, and modify all existing or new processes,
and incorporates a common data file whiEh can be accessed by
all processes. ;

The language identifies a process class as a group of
processes with similar data structures and operation rules
but which differ in their attribute wvalues relative to the
data structure. The definition of a process <class 1is
achieved within a Dblock, which 1is an independent,
self-contained structure, and SIMULA's fundamental program
unit. A block may be regarded as a description of an
aggregated data structure and the actions which the block
statements define. As each block is executed, a block

instance is created. A SIMULA program consists of a set of
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blocks which organize the overall program execution as a
sequence of active phases related to wvarious Dblock
instances. Special statements are supplied for postponing
actions or for rendering the entire process inactive.

SIMULA permits random sampling from five common
distributions aﬁd incorporates routines for statistics
collection. Language extension capabilities allow
formulation of special, problem oriented language features,
and it 1is possible to edit standard output reports.
Computer availability for SIMULA is restricted within the
United States due to the limited usage of ALGOL 60 upon
which the SIMULA lamguage is based. SIMULA has been used to
analyze small material handling train circuits within

factories.

12.14 SLAM
[72,77]

SLAM, the Simulation Qanguage for Alternative Modeling is
capabie of representing a discrete event model utilizing an
event scheduling, process interaction, or activity scanning
approach, or any combination of these. The language can
also represent a continuous model using either differential
or difference eguations. The discrete event and continuous

aspects of SLAM were derived from GASP IV in which the
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analyst describes events and system changes resulting from
their occurrence, or specifies equations for the dynamic
behavior of state variables, respectively. The process
interaction (network) aspects were derived from Q-GERT.
‘Nodes and branches are employed to construct a network which
pictorially models the elements of a process such as queues,
servers, and decision points. The network is then
translated into an equivalent statement form for computer
execution. SLAM has the additional capability of combining
its discrete event and continuous aspects for the
representation of combined discrete/continuous models.

SLAM is FORTRAN based and is therefore available for all
computers with FORTRAN compilers. The processor requires
28k decimal words for storage. The language incorporates.a
set of standard subroutines for common simulation functions
including event scheduling, statistics collection, file
manipulation, and output report generation, including
histograms. Event tracing is possible as an aid 1in
validation and debugging. Random sample generation 1is
possible from eight common distributions, ‘including
provisions for sampling from one that is user specified.
The integration method utilized is the Runge-Kutta-Fehlberg
fourth order algorithm which is a variable step size routine

for ordinary differential equations with initial values. A
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decision optimization module for SLAM has been developed and
on-line network graphical construction is currently being

investigated.

12.15 SMOOTH
[87]

SMOOTH 1is a combined discrete/continuous simulation
language developed from extending GERT network philosophy
for application to combined models. Continuous simulation
concepts are embodied in state networks which consist of
nodes and branches. The nodes are used to represent the
values of continuous system variables, called node values.
Branches represent the node's input and output and are
described by branch rates which are a function affecting the
associated nodal values. Five equation forms are available
for defining the rate equation's coefficients and exponents.
SMOOTH has the capability for network modification as a
function of system state. GERT network concepts are
employved for discrete event models. The discrete aspects of
the model are described by a nodal system representing
intersections for starting and stopping activities, and
branches representing activities. The simulation of a
discrete/continuous model 1is thus described by a pair of
interrelated networks, specified by numerical information,

which the SMOOTH computer program analyzes using simulation.



95

SMOOTH automatically obtains statistical data for
specified nodes, and histograms may be obtained.
Statistical nodes gather activity related statistics. The
language is FORTRAN based and incorporates standard routines

for the generation of random numbers, and output reports.

©12.16 SUMMARY

Table 8 is a comparison table. It permits several of the
simulation languages previously described to be compared on
the basis of various language parameters. Table 8 does not
provide any additional information which 1is not already
contained in the particular language summary. It merely
gathers pértinent data and presents it in a logical and

concise manner.
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TABLE 8
Language Comparisons

Current
Version CSMP IITI DISCO DYNAMO GASP IV GPSS V
Object ALGOL
I e FORTRAN PL/1 Assembly FORTRAN Assembly
Discrete NO YES NO YES YES
Facilities
Discrete - Process _ Next Process
Perspective Interaction Event Interaction
Continmuous YES YES YES YES NO
Facilities
Equation .= A C B C -
Type
Integration 8 6 gghigr : Eﬁgﬁzf -
Algorithm s a

Step England
Combined NO YES NO YES NO
Facilities
Timing Fixed . Fixed Next Next
Mechanism Increnentcomblned Increment Event Event
Output YES YES YES YES NO
Facilities
Random X X X 8 NO
Variable
Generation

A indicates differential equations

B indicates difference equations

C indicates both differential and difference equations
X indicates that the information was not available
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TABLE 8 con't

Language Comparisons
Current  REPLICAS  SIMILA SDECI;IPT
Version y
Object FORTRAN ALGOL 60 Assembly
Language
Discrete NO YES YES
Facilities

Next
Discrete - Process Event and
Perspective Interaction Process
Interaction

Continuous
Facilities YES NO NO
Equation B _ _
Type
Integration Gear _
Algorithm  Algorithm
Combined
Facilities 1O RO No
Timing Fixed Next Next
Mechanism Increment Event Event
Output
Facilities X YES YES
Random
Variable X 3 11

Generation

SIMAN

SLAM

FORTRAN FORTRAN

YES

Activity
Scamning,
Next

Event and
Process
Interaction

YES

Runge-
Kutta-
England 5
Combined

YES

14

YES

Activity
Scamning,
Next

Event and
Process
Interaction

YES

Runge-
Kutta-
England 4

Combined
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Chapter 13

BULK MATERIAL TRANSPORTATION SYSTEMS

A bulk material transportation system is a system which
provides for the movement of a bulk material from one place
to another. For the purpose of this research the
distinction between transportation and material handling
systems for bulk materials shall be made as follows;

1. A bulk material transportation system begins at a
terminal or other facility where the material may be
accumulated into desired quantities for movement.

2. The material is loaded 1into a <carrier(s) by
facilities which may be déscribed in terms ranging
from thorough mechanical detail to more simple
descriptions in terms of loading rates.

3. The material is transported within, or on the carrier
to 1its destination. It may encounter delays at
interim terminals or facilities for modal change,
accumulation, or separation of material(s).

4. The transportation system ends where the material may
be removed from the carrier for subsequent use.

Material handling systems may exist at the origin,
interim facilities, or destination facilities. They are

utilized for the movement of material prior to its original
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loading and after it has been removed from a carrier at its

destination. The use of the generic terms, origin and
destination, permits the analyst to define the
transportation system as desired. For example an analyst

may define a coal transportation system as beginning at a
mine 1in the United States, and ending at an overseas
facility where the coal will serve as fuel. However it 1is
also possible to define the destination point as being any
of the numerous interim facilities through which the
material passes, such as a port facility, or a train
classificat;on yvard. In this manner, the operations at such
a facility are now considered to be material handling and
may be elimin;ted from the transportation system analysis.

Transportation systems may be decomposed in this manner
to any required size. They are limited only 1in growth
potential. A simple system will consist of a single
material being transported by a single carrier between two
terminals. However, it 1is possible for a bulk material
transporfation system to incorporate more than one of any of
these features.

‘Bulk materials are a classification of materials which
possess many similar transportation-oriented
characteristics. Chapter 14 presents avdetailed description

of bulk materials and their properties, as well as examples.
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The bulk material is the object which the transportation
system moves.

The transportation medium is a term which describes how
the material travels. For this research, the various
mediums include rails, water (both ocean and inland waters),
roads and other land surfaces, pipes, and the supporting
structures within conveyor systems. Generally speaking, the
material carrier utilizes the medium for movement, following
and being guided by, the pathway it creates. For example,
due to the nature of inland waterways, their traffic must
follow the fixed route which the waterways define. It is
also possible for the transportation medium to provide power
for movement as is with water or electrified rails. Certain
characteristics of the transportation medium will influence
carrier movement. These qualities are typically physical in
nature, and examples include road surface conditions, or
water levels.

The remaining physical features of a bulk material
transportation system are the carriers and the terminals.
The carriers within these systems are also the containers
for the bulk material. Examples include railcars, barges,
and conveyor surfaces. The power for carrier movement may
exist as part of the carrier, as 1is with ocean bulk
carriers, or the power may be provided by a separate unit as

is with locomotives, towboats, and pipeline system pumps.
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Terminal facilities within bulk material transportation
systems exist at the origin, destination, and at any number
of points within the system. They may serve as
consolidation or sepafation facilities for the material, or
to provide power, fuel, and other system necessities. They
may also represent intermodal facilities where the material
may change transportation modes. The operation of the
terminal may be described in any detail desired, keeping in
mind that they are portions of the overall transportation
system.

Following a description of bulk materials, the remaining
chapters'of Part IV present descriptions of bulk material
transportation systems. The descriptions are given with
respect to the particular system features presented in this
chapter, these being the material, the medium, the carriers
and terminals. The operational characteristics of each
system are examined, as well as any special features which
they may contain.

It should be noted that these system descriptions are not
detailed. It is not necessary or desired at this time to
describe them in any manner other than through a general
overview of their physical and operationa{ characteristics.
The nature of the functional specifications presented in
Part V does not require system descriptions of any greater

depth than is given.



Chapter 14

BULK MATERIALS

According to Kneiling, bulk materials are any type of
freight which 1s transported without packaging [46].
Although this 1is true, there are many other unique
characteristics exhibited by bulk materials which distingush
them from other types of freight. It is more advantageous
to rely upon a description of these attributes rather than
any set definition as to what a bulk material is.

A bulk material may be of any physical forﬁ, either
solid, 1liquid, or gas. Regardless of this form, certain
features are commonly evident. A bulk material is

transported in a container into which it is loaded without

packaging. Examples of these containers include railcars,
tanker trailers, and barges. Additionally, bulk materials
tend to assume the shape of their carrier. The carriers

often require cleaning or inspection if it 1is desired to
transport varying material types.

A property normally associated with liquids or gases 1is
that they assume the shape of their container. However bulk
materials typically exhibit fluid-like properties. They
flow and can be poured as a means of loading or unloading.

Loading and unloading rates are usually expressed as volume
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or wieght per unit time. The amassed gquantities are
referred to in terms of volume or weight. Bulk materials
are generally transported in "large" quantities. For

example, a unit train may convey as much as 100,000 tons of
coal. This is an extremely large quantity particularly when
related to a small, individual lump of coal. Similarly,
many liquids are moved in thousands-of-gallons quantities.
In this manner, the term bulk material implies that the
material is transported in bulk, or large amounts.

Solid bulk materials, or bulk solids, have certain
distingushing characteristics which are not directly
applicable to liquids or gases. A bulk solid consists of
pértiéles so small in comparison to the total amount that it
can be regarded as a continuous mass [17]. They are
sub-classified in a number of ways, most usually in terms of

particle size which may range from a fine powder to a broken

solid. Commonly referred to properties of bulk solids
include; cohesiveness, adhesiveness, particle size, and
particle composition. Table 9 contains a listing of these

and other properties (and definitions) which are used 1in
describing and classifying bulk solids. Examples of bulk
solid materials are also given in Table 9.

Non-solid bulk materials include liquids and gases which

typically possess fluid properties. These materials exhibit
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TABLE 9

Examples of Bulk Solids and Their Properties

Bulk Solids

Broken stone Grain Gravel -chrome Phosphates
Coal -barley 0il cakes -copper Salt

Coke -maize Ores -iron Sand

Copra -rye -barytes -manganese Sugar
Fertilizers -wheat -bauxite -zinc Sulfur

Bulk Solids Properties

Adhesion-the tendency for the material to adhere or stick
to other surfaces.

Angle of repose-the angle to horizontal which the free
surface of the material, formed in a heap and at rest,
assumes.

Bulk density-the weight per unit volume of many material
particles.

Cohesion-the tendency for the material particles to stick
to each other.

Friability-the ease with which the material may be broken
into smaller particles.

Hardness-the amount of single particle resistance to
scratching, cutting, wearing, abrading, etc..

Moisture content-the ratio of water weight to material
weight within a given amount of material.

Particle size analysis-the size of particles, the size
distribution, and the particle shapes.

Specific gravity-the ratio of the weight in air of a given
volume of material to the weight in air of an equal volume
of water.

Additional Properties

abrasiveness angle of

slide segregation -

aeration angle of

surcharge specific weight

angle of internal friction compaction tackiness

angle of external friction corrosiveness toxicity

References [6,9,28]
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common fluid characteristics such as viscosity, elasticity,
specific gravity, and surface tension [79]. A detailed
presentation of these and other properties may be found in
any fluid mechanics text. Non-solid bulk materials are
typically transported in homogeneous form. Examples of
these materials are given in Table 10.

Bulk materials are more often "natural" products as
opposed to being manufactured. Liberal use of the word
natural permits inclusion of refined or processed materials.
For example, certain grains may be subjected to various
harvesting and refining processes. However, they are still
a natural material as opposed to a manufactured product such
as bread or beer. Bﬁlk materials are typically transported
by water, rail, and highway. They are seldom transported by
air. Additionally, transportation and material handling
costs usually represent a signifigant portion of their final

value [69].
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TABLE 10

Examples of Non-solid Bulk Materials

Chemicals 0il Petroleum
Latex -fuel Refined petroleum
Ligquid natural gas -crude Wines
Liquid petroleum gas -lubricating
-diesel
-vegetable

Bulk Liguids Properties

Elasticity - this property is related to the amount of
deformation (expansion or compression) for a given
pressure change.

Internal energy - the energy a substance possesses because
of its state of molecular activity.

Mass density - the mass per unit volume.

Specific heat - the amount of heat that must be transferred
to a unit mass of a substance to raise its temperature
by one degree.

Specific weight - the gravitational force per unit volume.

Surface tension - the magnitude' per unit length of the
"tension" exerted by the liquid surface upon adjacent
portions of the surface or upon other objects which
are in contact with the liquid.

Additional Properties

critical velocity heterogeneous suspension
turbulent friction transition velocity
disposition velocity homogeneous suspension
fluid drag laminar flow

friction velocity laminar friction

turbulent flow

References [79,91]



Chapter 15

RAIL TRANSPORTATION SYSTEMS

A railway bulk material transportation system consists of
the train, the rails, and the terminal facilities. A train
may be further specified as being composed of a
locomotive(s) and any number of railcars for conveying bulk
materials.

There are over 190,000 miles of line-haul railways and
over 300,000 miles of track in the United States, not all of
which are traversed by bulk cargo. The tracks are
relatively fixed and often interact with other ground
supported transportation modes, resulting in limited route
flexibility. The rails signifigantly affect the movement of
the trains through terrain conditions which are reflected in
curves and grades, and through the physical condition of the
rails themselves [46].

A railcar is an unmanned cargo carrier which possesses no
motive power. It exists as a unique entity, however several
may be coupled, end-to-end to form an entity which moves as
a single unit. Railcars vary 1in type, size, capacity, and
construction material, as well as in loading and unloading
characteristics. The average railcar has a capacity of 78.8
tons, resulting in typical train capacities of 2000 tons and

more [14].
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More than sixty percent of the materials transported by
rail are bulk in nature. For example, railroads transport
seventy-five percent of the total coal tonnage moved in the
United States, corresponding to nearly one-third of all rail
cargo. Additional materials such as metallic ores,
chemicals and allied products, and grain also totalled over
one million carloadings in 1979 [14]. Rail transportation
typically dominates the market for transporting quantities
of 30,000 pounds or more, 300 miles.or more.

Locomotives provide the power for railcar movement and do
not have cargo carrying capabilities. As with railcars,
locomotives wvary 1in size and type, in addition to
horsepower. A train consists of one or ﬁore locomotives,
and one or more railcars coupled end to end. The
locomotives are typically attached to the front of a coupled
railcar unit, however they may be placed between railcars,
or at the end of a train as needed.

A train may typically carry several types of bulk
materials, the primary exception being a unit train. The
unit train service evolved from the rent-a-train concept for
the movement of goods [14]. Primarily introduced as a
service to the coal industry, these trains specialize in the
movement of a single material type from origin to

destination. Usually there are no in-transit stops, and
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loading and unloading may be accomplished while the train is

in motion. Regularly scheduled train movements are often
required. This feature coupled with the single material
characteristic results in empty backhauls. However this is

usually offset by the high revenue producing abilities of
the unit train..

A train moves as a single unit from one terminal to the
next, averaging fifty miles per hour travelling speed. The
line capacity of any particular track segment is dependent
primarily on the type of track and signalling system, and
the overall track configuration [46]. For example sidings
are utilized to permit traffic from opposing directions to
pass one another, or for one train to overtake another.

Terminal facilities vary, however the typical function
performed is the reorganization of incoming trains in
preparation for departure as outgoing trains, or the.
movement of a material from one transportation mode to
another. The terminal’is usually composed of several yards
through which the railcars selectively pass. These vyards
are characterized by a large number of tracks which cross
and switch within and between them. Railcars may be delayed
a variable 1length of time upon reaching the terminal
depending on when the material, or the carrier is required.
A typical example is the use of rail storage facilities at a

coal port facility.
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Piggyback service was initiated in an attempt to increase
the level of service available to intermodal customers [14].
Piggyback is a general term which includes both
trailer-on-flatcar and container-on-flatcar (TOFC and COFC)
. services. Piggybacking combines use of the 1line-haul
efficiencies of rail movement with the flexibility and
delivery speed of motor carriers.

TOFC service involves the movement, by rail, of fully
loaded highway trailers [54]. Trucks are utilized to
locally pickup and deliver the trailers. COFC service
provides for movement of containers, also on railroad
flatcars [14]. Flatbed trucks are utilized for ramp to door
deliveries. COFC éervices are not typically utilized for

bulk material movement.
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INLAND WATER TRANSPORTATION SYSTEMS

The inland water system for bulk material transportation
consists of inland waterways, barges and towing vessels, and
terminal facilities.

The United States has nearly 25,000 miles of inland
waterways which are of sufficient depth for commercial
navigation [25]. Although constantly changing due to
nature's forces, these waterways are, for the most part,
permanently fixed 1in location. Interacting with these
waterways is a system of locks, dams, and resevoirs. Dams
are utilized to maintain sufficient water depth by
regulating the flow of water in and out of resevoirs [42].
Locks permit paséage of vessels from one pool of water to
another at a different water level. Inland water vessels
must utilize locks in their movement, incurring delays of
thirty minutes to one hour, or more. The dimensions of the
locks, and the waterways themselves, constrain the size of
carriers which may wutilize them. These are generally
expressed in terms of length, width, and current depth.

Approximately eighty percent of the materials transported
by inland water carriers are bulk in nature. Examples

include coal, petroleum and petroleum products, grain, sand,
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and gravel [42]. These materials are transported in
unmanned barges which are non-selfpropelled, and which vary
in size and type. As previously mentioned the barge
capacity 1is limited by the waterway depth, the standard
being approximately 1500 tons [24]. Barges are either
pushed or pulled by towboats, and move in groups or strings
[17].

A towboat coupled with one or more barges is called a tow
[42]. Towboats vary according to power provided and, as
with barges, the maximum size is restricted by both channel
depth and lock dimensions. Fleeting, or the creation of a
flotilla involves lashing several barges together to form a
particulér type of tow. The flotilla then moves as a single
unit. Bulk material inland water movement typically
involves time spent loading and unloading barges,
assembling, breaking, and reassembling the tow, as well as
travel and local maneuvering time [34]. Fueling typically
occurs at midstream while the tow is underway. For passage
through locks the tow may regquire sepafation into groups of
sufficiently small size (usually 12 barges) to ensure safe
lock utilization. The average crew size for a flotilla is
from seven to fourteen persons who, for line-haul operation,

may only work six hours on prior to having six hours off.
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Movement along inland waterways occurs between terminals
which are typically served by either rail or highway
systems. A terminal is a facility whose primary function is
the loading and unloading of inland water carriers. It may
be general or special purpose oriented with regard to
material type and loading/unloading facilities. Solid or
dry bulk materials are usually loaded utilizing conveyor or
spout type systems, resulting in flowrates of weight or
volume per unit time [42]. Clamshell cranes and clambuckets
are typically used for unloading resulting in rates of a
more discrete nature [24]. Non-solid bulk materials
generally utilize a pipeline system for both loading and
unloadiné.

Terminals wusually incorporate some type of storage
facility due to the tyﬁe of intermodal transfer which may
occur [56]. This may involve large storage tanks,
sufficient rail or other "parking" facilities, or open or
covered ground storage. The type and capacity directly
corresponds to the type and volume of material handled.

It should be noted that certain carriers described in
this chapter are also utilized to transport bulk materials
along intercoastal waterways. Additionally, certain inland
waterways permit passage of ocean-type bulk carriers. These
carriers are discussed in Chapter 17 as they exhibit

characteristics not unlike ocean vessels.



Chapter 17

OCEAN TRANSPORTATION SYSTEMS

The movement of bulk cargo by means of ocean
transportation is one of the most inexpensive bulk carrier
modes available. This 1is primarily due to the extremely
large carriers utilized. Currently twenty-seven percent of
the world fleet serving the United States are designed for
the movement of bulk materials [14]. Ocean transportation
systems are composed of bulk carriers, oceans, and port or
land facilities.

Approximately sevepty-five percent of the earth 1is
covered by oceans of sufficient depth to permit passage of
large bulk carriers [17]. The number of available routes
between two ports is large, and these may be easily altered
at any time. In this respect, ocean bulk material
transportation differs from the relatively fixed routes
characteristic of rail, pipeline, and highway systems.

The bulk carriers for ocean transportation are larger
than for any other mode presented, conveying between 10,000
and 100,000 tons. A bulk carrier is typically a single deck
vessel with from four to sixteen holds [6,69]. It is a
vessel designed to carry various kinds of dry cargo in bulk

both efficiently and economically. They are classified
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loosely according to material as they tend to be specialized
vessels. The primary classifications are ore, ore/oil,
ore/bulk/oil, and general purpose bulk carriers. The bulk
category includes sugar, salt, coal, grain, and copra.
Tankers are utilized for non-solid bulk movement and are
specially designed for quick ioading and unloading [9]. A
300,000 ton tanker may have seven or more tanks for
conveying oil, petroleum, fuel oil, and other bulk liquids.

A port 1is a harbor which shelters marine terminal
facilities in addition to providing piers or wharves for
ship berthiné during loading and unloading [92]. The
carrier may utilize port facilities, or it may discharge its
cargo onto smaller vessels or to an artificial island [17].
The port incorporates storage facilities for both incoming
and outgoing materials. Ports serve as transfer terminals,
permitting the switching of cargo to a land or inland
transportation mode. The loading and unloading facilities
are designed for the particular type of material handled.
Tankers typically utilize pipelines while dry bulks may use
a gantry/conveyor system [69]. Some bulk carriers have
self-unloading capabilities.

Ocean bulk carriers transport materials between ports at
speeds from thirteen to sixteen knots [6]. The distance

moved may be thousands of miles, and may require several
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weeks in travel time. Bulk carriers are also utilized for
the movement of barges. LASH (lighter-aboard-ship) is the
name given to those carriers that transport barges which
have been loaded at some inland point and moved to the ocean
port via inland water movement. These carriers may convey
up to 73 barges containing various bulk materials.

It should be noted that several inland waterways, for
example the Great Lakes, permit passage of the type of
carriers described in this chapter. Additionally, although
the 1intercoastal waterways are part of the oceans, the
carriers which utilize them are of the type utilized on

inland waterways, and have been presented in that chapter.
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INLAND WATER TRANSPORTATION SYSTEMS

The inland water system for bulk material transportation
consists of inland waterways, barges and towing vessels, and
terminal facilities.

The United States has nearly A25,OOO miles of inland
waterways which are of sufficient depth for commercial
navigation [25]. Although constantly changing due to
nature's forces, these waterways are, for the most part,
permanently fixed 1in location. Interacting with these
waterways is a system of locks, dams, and resevoirs. Dams
are utilized to maintain sufficient watér depth by
regulating the flow of water in and out of resevoirs [42].
Locks permit passage of vessels from one pool of water to
another at a different water level. Inland water vessels
must utilize locks in their movement, incurring delays of
thirty minutes to one hour, or more. The dimensions of the
locks, and the waterways themselves, constrain the size of
carriers which may utilize them. These are generally
exbressed in terms of length, width, and current depth.

Approximately eighty percent of the materials transported
by inland water carriers are bulk 1in nature. Examples

include coal, petroleum and petroleum products, grain, sand,
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and gravel [42]. These materials are transported in
unmanned barges which are non-selfpropelled, and which vary
in size and type. As previously mentioned the barge
capacity is limited by the waterway depth, the standard
being approximately 1500 tons [24]. Barges are either
pushed or pulled by towboats, and move in groups or strings
[17].

A towboat coupled with one or more barges is called a tow
[42]. Towboats vary according to power provided and, as
with barges, the maximum size is restricted by both channel
depth and lock dimensions. Fleeting, or the creation of a
flotilla involves lashing several barges together to form a
particular type of tow. The flptilla then mo&es as a single
unit. Bulk material inland water movement typically
involves time spent loading and unloading barges,
assembling, breaking, and reassembling the tow, as well as
travel and local maneuvering time [34]. Fueling typically
occurs at midstream while the tow is underway. For passage
through locks the tow may require separation into groups of
sufficiently small size (usually 12 barges) to ensure safe
lock utilization. The average crew size for a flotilla is
from seven to fourteen persons who, for line-haul operation,

may only work six hours on prior to having six hours off.
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Movement along inland waterways occurs between terminals
which are typically served by either rail or highway
systems. A terminal is a facility whose primary function is
the loading and unloading of inland water carriers. It may
be general or special purpose oriented with regard to
material type and loading/unloading facilities. Solid or
dry bulk materials are usually loaded utilizing conveyor or
spout type systems, resulting in flowrates of weight or
volume per unit time [42]. Clamshell cranes and clambuckets
are typically used for unloading resulting in rates of a
more discrete nature [24]. Non-solid bulk materials
generally utilize a pipeline system for both loading and
unloading. |

Terminals wusually incorporate some type of storage
facility due to the type of intermodal transfer which may
occur [56]. This may involve large storage tanks,
sufficient rail or other "parking" facilities, or open or
covered ground storage. The type and capacity directly
corresponds to the type and volume of material handled.

It should be noted that certain carriers described in
this chapter are also utilized to transport bulk materials
along intercoastal waterways. Additionally, certain inland
waterways permit passage of ocean-type bulk carriers. These
carriers are discussed in Chapter 17 as they exhibit

characteristics not unlike ocean vessels.
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OCEAN TRANSPORTATION SYSTEMS

The movement of bulk cargo by means of ocean
transportation is one of the most inexpensive bulk carrier
modes available. This 1is primarily due to the extremely
large carriers utilized. Currently twenty-seven percent of
the world fleet serving the United States are designed for
the movement of bulk materials [14]. Ocean transportation
systems are composed of bulk carriers, oceans, and port or
land facilities. |

Approximately seventy-five percent of the earth is
covered by oceans of sufficient depth to permit passage of
large bulk carriers [17]. The number of available routes
between two ports is large, and these may be easily altered
at any time. In this respect, ocean bulk material
transportation differs from the relatively fixed routes
characteristic of rail, pipeline, and highway systems.

The bulk carriers for ocean transportation are larger
than for any other mode presented, conveying between 10,000
and 100,000 tons. A bulk carrier is typically a single deck
vessel with from four to sixteen holds [6,69]. It is a
vessel designed to carry various kinds of dry cargo in bulk

both efficiently and economically. They are classified
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loosely according to material as they tend to be specialized
vessels. The primary classifications are ore, ore/oil,
ore/bulk/o0il, and general purpose bulk carriers. The bulk
category 1includes sugar, salt, <c¢oal, grain, and copra.
Tankers are utilized for non-solid bulk movement and are
specially designed for quick loading and unloading [9]. A
300,000 ton tanker may have seven or more tanks for
conveying oil, petroleum, fuel o0il, and other bulk liquids.

A port 1is a harbor which shelters marine terminal
facilities in addition to providing piers or wharves for
ship berthing during loading and unloading [92]. The
carrier may utilize port facilities, or it may discharge its
eargo.onto smaller vessels or to an artificial island [17].
The port incorporates storage facilities for both incoming
and outgoing materials. Ports serve as transfer terminals,
permitting the switching of cargo to a land or inland
transportation mode. The loading and unloading facilities
are designed for the particular type of material handled.
Tankers typically utilize pipelines while dry bulks may use
a gantry/conveyor system [69]. Some bulk carriers have
self-unloading capabilities.

Ocean bulk carriers transport materials between ports at
speeds from thirteen to sixteen knots [6]. The distance

moved may be thousands of miles, and may require several
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weeks in travel time. Bulk carriers are also utilized for
the movement of barges. LASH (lighter-aboard-ship) is the
name given to those carriers that transport barges which
have been loaded at some inland point and moved to the oceén
port via inland water movement. These carriers may convey
up to 73 barges containing various bulk materials.

It should be noted that several inland waterways, for
example the Great Lakes, permit passage of the type of
carriers described in this chapter. Additionally, although
the intercoastal waterways are part of the oceans, the
carriers which utilize fhem are of the type wutilized on

inland waterways, and have been presented in that chapter.
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PIPELINE TRANSPORTATION SYSTEMS

Pipeline transportation systems have typically been
utilized for the movement of bulk liquid materials. Within
the last decade, the movement of bulk solids via pipeline
systems has recieved increasing attention. A pipeline
transportation system is composed of the pipe, pumping
stations, terminals, and the material.

The United States currently utilizes approximately
400,000 miles of pipelines [92]. A pipeline system may
transport material over distances which vary from less than
ten miles, to hundreds of miles. Pipelines provide a
transportation systém, either under or above ground, which
is totally encased. The pipe diameter is fixed for a given
section of pipe, and it is chosen to be compatible with the
material type. The pipe provides a fixed route in much the
same manner as rails do for a rail transportation system.

Pumping stations are strategically 1located along the
pipeline ([14,91]. They provide the power required to
transport the materials. The distance between stations is a
function of terrain, the pipeline size, the required
pressures, and the bulk material. The pumps utilized vary

in type and power, and provide power for movement of
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non-compressible bulk materials. They may be replaced by
compressors for the movement of compressible materials such
as natural gas. Terminal facilities within a pipeline
system may include treatment plants and storage facilities.

Pipeline systems may be loosely classified as carrying
either 1liquids or solids. Ligquid materials moved include
water, and crude and refined o0il, in addition to gaseous
substances which possess fluid properties. Pipelines
typically convey a single material, however as is the case
with o0il movement, several grades of a material may be
simultaneously or sequentially transported.

There are three principal types of solid material
pipeline systems [92]. Slurr‘y pipelines transport solids
which have been suspended in a fluid medium, typically
water. Slurry lines are currently used for the movement of
coal, iron ore, sulfur, and potassium chloride. Pneumatic
pipelines move solids by means of air pressure or a vacuum,
utilizing air as the conveying medium. This is a system
commonly used for the unloading of bulk materials such as
grain or sugar [50]. Capsule pipeline systems transport
freight whose size approaches the pipe diameter.
Additionally, small particles may be aggregated to form
capsules which are conveyed by liquid or gas. Research has

been conducted on the use of capsule pipelines for the
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movement of clean, graded rock aggregates over a six mile
distance [92].

Pipelines are typically designed to operate 24 hours per
day, 365 days per vyear [91]. Although their speed 1is
realtively slow (three to five miles per hour) they are
extremely dependable and have very good loss and damage
records [14]. They are utilized to transport a limited

number of bulk materials over relatively fixed routes.
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CONVEYOR TRANSPORTATION SYSTEMS

Conveyor systems are generally considered to be material
handling rather than transportation systems. However
according to the previous definition, they are also utilized
for the transportation of bulk materials. Conveyors are
often wused for 1loading and unloading bulk carriers,
representing a form of intermodal transfer. The major
components of a conveyor system are the transporting
surface, its foundation and supporting structures, and the
drive components.

Conveyors, for the movement of‘ bulk materials, are
typically belt, chain, or screw type [16]. These
classifications refer to the surface on which the material
is conveyed. In any case, the conveyor consists of an
endless, moving surface which 1is designed to transport a
single material at a given rate [171]. They are
uni-directional and operate continuously without time loss
for loading and unloading. Conveyor systems are extremely
flexible in that they may recieve and discharge material
from one or more locations. The transporting surface may be
any desired, practical width and length. If necessary, the

entire system may be housed from external effects.
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The amount of material transported is a function of the
width and speed of the conveyor surface, and the material
weight [1]. Conveyor capacities are usually expressed as
weight or volume per unit time. The size of the material is
primarily limited by the surface width. Bulk materials
transported thfough conveyor systems range from very fine,
dusty chemicals to large, lumpy ores.

Aerial tramways exhibit the same characteristics as land
conveyor systems. This is a form of transportation in which
the individual carrier is suspended above the terrain by
cables. The cables are themselves supported by towers
placed at intermediate points [17]. Aerial tramways are
also designed to convey a single material at a given rate.
Typical materials include sand, gravel, crushed rock, clay,
and coal.

For both conveyor and aerial tramway systems, longer.
installations are often composed of individual units. Thus
transfer of either cérgo or carrier between segments is

required [17].
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HIGHWAY TRANSPORTATION SYSTEMS

Highway transportation systems are not typically
associated with the movement of bulk materials. Their
relatively small carrying capacity 1is not economically
suitable for commonly low unit value bulk materials such as
coal and ores. Trucks are used for short haulage, either as
a form of intermodal transfer or as the transportation mode
for short distances.

Highway transportation is one of the most flexible modes
available for bulk material movement. This flexibility is
primarily attributed to the use of practically any land
surface for movement. Roads may be classified according to
functions, purpose, or importance and for the most part,
trucks are not restricted to any one type [92]. The road
type and topography are influential when considering vehicle
operation. The vehicles are not constrained by rails,
waterways, or any other additional physical entities
associated with other transportation modes.

Bulk motor carriers are smaller than other bulk carriers,
averaging from five to twenty tons [17]. They are
individually powered and controlled, each carrier requiring

a single operator. The cargo unit may or may not be
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permanently attached to the power unit. There is typically
one cargo carrier per power unit. Recently, tandem trailers
are being utilized and may convey different materials. Both
liquid and solid materials may be transported including
coal, gypsum, gasoline, grain, and oil. " The cargo unit is
usually specialized for a particular material type or class.

There are three basic terminél classifications which are
found in longer distance highway transportation systems
[14]. Pick-up and delivery terminals permit freight to be
collected from shippers and consolidated with other loads
bound for the same direction or destination. Break bulk
terminals facilitate separation of consolidated shipments.
Relay terminals are required due to the maximum hours of

service regulations imposed upon carrier operators.
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CONCLUSIONS

Part IV has presented overviews of Dbulk material
transportation systems. They have been classified according
to the mode of physical movement. Table 11 presents a
summary of these systems with reference to several easily
identifiable system parameters. Each transportation mode is
easily described utilizing these parameters, indicating that
they may be of use during formulation of simulation language
constructs. Table 11 emphasizes the perception that bulk
material t;ansportation systems are extremely similar
regardless of the variations in transportation mode. It is
these similarities which facilitate the development of
functional specifications for a simulation language capable

of representing bulk material transportation systems.
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TABLE 11

System Parameter Comparisons

Transportation System

Railway Highway Inland Ocean Pipeline Conveyor
Water Water

Transpor- -- Road or Movi
tation Rail Land Water Water Pipeline Sl;”fg%e
Medium Surface

Pcv-aer Loco- Motor Towboat Engine PS, Motor

Unit . ; Com- p
motive Engine pPressors Engine

Cargo Railcar Truck Bulk Moving

Carrier Trailer Barge Carriers Pipe Surface

Average

Capacity 78.8 13.52 1350 40000 - 15-15000

(tons) "

Average

Number 100 1 15-30 1 1 1

of Carriers

Average

Distance 533 457 392-1770 - 320

Travelled

Average

Speed 50 60 5.5 22 4 10

(mph)



PART V

SIMULATION LANGUAGE FUNCTIONAL SPECIFICATIONS
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This part presents the functional specifications which
are developed from the information provided in previous
parts of this research. These specifications have been
presented in three chapters which emphasize system
description, language form, and computer considerations,
respectively. The specifications provide a very general
overview of the development of the proposed simulation
language for bulk material transportation systems. Until
actual formulation of the language occurs, the operational
characteristics cannot be described in any greater detail.
It is more reasonable to state that these specifications
address the manner in which the language is desired to
facilitate the simulation of bulk material transportation
systems.

The information detailed in Part V is presented as three
chapters. The first of these describes the functional
specifications which are primarily concerned with the system
description. These specifications are based largely on the

information presented in Chapter 8 where the importance of

the system description, or model, within a simulation
analysis 1is stressed. The following chapter is concerned
with language form and format. These functional

specifications are derived from information presented in

Chapter 9. The final chapter of Part V details those
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functional specifications which are computer hardware
oriented. This chapter wutilizes information given in
Chapters 8 and 10. Additionally, each of the specifications
detailed in this part wutilize the descriptions of bulk
material transportation systems which were presented in Part
IV.

In addition to the use of previously detailed information
in Chapters 8,9, and 10 and Part IV, the author's previous
experience in the simulation of bulk material transportation
systems was also utilized. This experience was gained as a
result of the author's graduate research performed for
Norfolk and Western Railway at their Lambert's Point Coal
Export Facility during 1981-82. 'The task was to develop a
simulation model of the facility which could be used as an
analysis tool by Norfolk and Western personnel. StAM, an
extremely powerful simulation language, (see Section 12.14)
was used to develop the model. The difficulties encountered
in successfully modeling the system as desired resulted in
the author's decision to formulate a simulation language

specifically for bulk materials such as coal.
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SYSTEM DESCRIPTION

This chapter is concerned with the general system (or
model) characteristics which have been presented in Section
8.1. The functional specifications presented will classify
bulk material transportation systems' models as being of the
following types;

1. Iconic, analog, or symbolic

2. Static or dynamic

3. Stéchastic or deterministic

4. Discrete, continuous, or combined discretg/continuous

As previoﬁsly stated, the majority of simulation models
are symbolic representations of a system. These models
describe system behavior utilizing mathematical expressions
and functions. Expressions of this type are extremely
important for fhe representation of bulk material
transportation systems. Examples include rate equations for
carrier movement and the loading and unloading of the
material. Additionally, many analysts feel that a network
éonfiguration provides an excellent pictorial view of a
transportation system [4]. With this perspective, the nodes
correspond to terminals and the branches represent both the
transportation medium and the route to be followed.

Networks are also a symbolic model type.
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Bulk material transportation systems are dynamic. The
analyst is primarily concerned with the variations in system
state as time advances. It is not feasible to suggest that
the manner in which these changes occur is irrelevant as it
is in a static simulation. It is the responsibility of the
analyst to describe the means by which these changes occur,
typically'utilizing mathematical and/or logical expressions.
From another perspective, several of the variables within
bulk material transportation systems exhibit time dependent
behavior. Examples include the movement of a conveyor and
the availability of operators within an inland water system.

Stochastic models are those in which one or more model
entities possesses a degree of randomness in its transition
from one state to the next. Bulk material transportation
systems are stochastic, as opposed to deterministic, in that
the model entities do not behave in a completely known
manner. The overviews presented in Part IV do not describe
all of the inputs which influence system behavior. It would
be an extfemely difficult programming task to incorporate
them within the simulation language. A typical example 1is
the effect of the weather on both material and carrier
behavior. It wouid be much simpler to reflect these
"exogenous" influences in terms of random behavior of the

system entities. However, the language should incorporate
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deterministic capabilities which will assist in debugging

and validation.

24.1 RANDOM NUMBER GENERATION

As the result of the previous statement that the language
should possess the ability to represent stochastic system
elements, a method 1s required for generating random
variables. The method shall provide values from both
empirical tables and from theoretical distributions. This
shall be accomplished in two distinct steps [86]. The first

step regquires the generation of a sequence of uniformly

distributed random numbers. These numbers are then utilized
to generate randem = variables with the required
characteristics. Random variate generation is discussed in

the following section.
The accomplishment of the first step within a computer
simulation theoretical framework should satisfy the

following criteria [11];

1. The sequence of random numbers must be uniformly
distributed.

2. The sequence of random numbers must be statistically
independent.

3. The generator should involve a minimum number of

program lines for expedient execution.
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4. The generator should require a minimum amount of

memory storage.

5. The sequence of random numbers should be of

sufficiently long period.

6. The sequence of random numbers should be

reproducible.

The execution of a stochastic simulation ©program
typically utilizes several random numbers which are created
by the random number generator as a sequence of values.
This sequence must be statistically tested for uniformity
and independence 1in addition to randomness. Table 12
presents a list of statistical tests commonly used for this
purpose. It is recommended that the first four tests be
performed plus any others which may be relevant to the
problem at hand. Additionally, several currently used
random number generators have been previously tested,
requiring only proper usage to ensure their statistical
correctness [86].

It is not possible to assure that any deterministic
process such as a computer implemented algorithm will
produce a sequence without any non-random characteristics
[70]. The values generated are in fact pseudorandom. They
are created using recursive mathematical relations and are

therefore completely deterministic. The repeated use of the
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TABLE 12

Statistical Tests For Random Number Generators

Frequency Tests Serial Test

Gap Test Runs Test

Spectral Test Poker Test
Autocorrelation Test Distance Test

Order Statistic Tests Lagged Product Test

Maximum Test

References [11,86]
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same input values will generate the same sequence of random

numbers as output, satisfying the reproducibility
requirement mentioned above. This also permits use of
correlated sampling techniques [86]. The period of the

sequence 1is the number of values which will be generated
before the values begin to repeat [70]. The period of a
random number sequence must be of sufficient length to
provide a unique value whenever required for the duration of
the simulation.

The most commonly used method for generating random
numbers 1is one of three forms of a linear congruential
generator [11]. The most recommended of these [70,86] is

the ﬁultiplicative generator which is of the form

X, = (X, _;) Modulus M

The value of M is usually set equal to the word size of the
computer to be used, permitting the modulus operation to be
accomplished by ignoring overflow. The initial wvalue of X
and the value of C are then chosen so that a maximum period
value 1is obtained, and to ensure a maximum degree of
correlation between the values generated. The random
numbers will be between 0 and 1, however any desired range

may be created by dividing X by M.
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The.remaining forms of the linear congruential generator
are known as the mixed form and the additive form
[11,70,86]. These typically permit a larger period length
which 1is independent of the computer word size. However
they typically regquire greater computer storage space, and
they tend not to perform well with regards to the runs test.
Each of the linear congruential generators are extremely
sensitive to the selection of seeds and constants. Shannon
presents several references for other types of generators
which are currently available [86]. These have very little
advantage over the multiplicative generator which tends to
execute as fast or faster, and is not as likely to create

difficulties when.used.

24.2 RANDOM VARIATE GENERATION

The stochastic behavior of system wvariables is typically
described by historic data. For example the length of time
required for an inland water carrier to pass through a lock
may be recorded for as many occurrences "as desired,
resulting in a set of tabularized sampled data points. This
data is then utilized by the system's analyst to describe
variable behavior during the simulation execution. '

The random numbers discussed in the previous section may

now be utilized to select a variable value in one of two
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ways. A table look-up procedure 1is a means of actually
selecting one of the sampled data values from the table and
assigning it to the proper variable. Monte Carlo sampling
is one type of table look-up technique [86]. This method is
not generally very efficient in terms of computer storage,
in addition to being restricted in terms of the use of only
historic, sampled data.

As opposed to a table look-up method, theoretical
distributions may be used. A distribution is chosen such
that it represents the historic data but has the advantage
of representing the population rather than just a sample.
The use of theoretical distributions is facilitated by the
fact that through mathematical manipulation, a uniformly
distributed random number may be used to generate
practically any theoretical ' distribution [70]. The
distribution is described by parameters (mean, variance,
etc.) which are derived from the sampled data.

For most of the theoretical distributions several
algorithms are available which accomplish the transformation
of the random number to the desired form [47,70]. Many
researchers recommend the use of the inverse transformation
method, descriptions of which may be found in [11,47,70,77].

The number and type of theoretical distributions which

shall be incorporated within the proposed simulation
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language would be difficult to specify at this time. What
may be stated is that it will be a subset of those presented
in Table 13. A form of table look-up procedure shall be
incorporated for that sampled data which cannot |Dbe
adequately represented by a theoretical distribution.
Additionally, one or more transformation techniques shall be

available for the amenable data.

24.3 DISCRETE, CONTINUOUS, OR COMBINED ORIENTATION

Table 14 presents a 1listing of the various entities
contained within bulk material transportation systems. As
with the system descriptions, this listing is an overview
and is not intended to incorborate all entity types which
may exist. It is obvious that both discrete and continuous
entities may be found, often existing simultaneously. This
indicates a need for the language to be capable of
representing one, the other, and/or both entity types.

In many cases a single entity requires representation as
both discrete and continuous. For example, the unloading of
a carrier may be described as a discrete process if it is
accomplished utilizing buckets or cranes. However if the
material is discharged through a pipeline, a continuous

description of the process is more applicable.
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TABLE 13

Theoretical Probability Distributions

Beta Lognormal

Binomial Multinominal
Chi-square Negative Binominal
Erlang Normal

Exponential Poisson

Gamma Triangular
Geometric Uniform

Hypergeometric Weibull



146

TABLE 14

System Entities

Barges Pipelines
Commodities Railcars
Conveyors Rails
Locomotives Roads
Towboats Ships
Operators Trucks

People Water
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24.3.1 Discrete Orientation

The modeling perspective utilized for the discrete model
portions 1is strongly influenced by the nature of bulk
material transportation systehs. Of the currently utilized
perspectives, event scheduling, process interaction, and
activity scanning, the most appropriate 1is the process
interaction approach.

The process interaction approach emphasizes the movement
of entities through the system, rather than the
representation of system state changes which is the primary
consideration of éhe other perspectives. It permits the
analyst to percieve the system as a set of interacting
processes representiné the path followed by an entity.‘ This
is precisely the manner in which a bulk material
transportation system should be represented. The processes
can represent the various activities which typically occur
affecting a bulk material between its origin and
destination. Examples include loading and unloading, the
utilization of .carriers, and of transportation mediums.
Terminal facilities may also be represented in this manner.

The pr§cess interaction approach will facilitate simpler
programming thru 1its use of macro-structure language
statements. However, certain aspects of bﬁlk material

transportation systems may be more accurately represented
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utilizing the event scheduling approach. For example if it
is desired to preschedule occurrences such as system
operational periods, or if it is desired to model certain
processes 1in greater detail. The user may then define
instantaneous state changes occurring at event times in
terms of mathematical and/or logical expressions. The
activity scanning approach is useful in situations where the
system state determines the occurrences of events or
activities. An example of this would be the requirement
that a train await the proper number of railcars prior to
its movement. This perspective also facilitates system
representation in situations where activity durations cannot
be specified due to their dependence on the system stéte.
The proposed simulation language should offer programming
abilities representing each of the three discrete
perspectives. The process interaction approach shall be the
primary perspective, however the use of other perspectives
should be easily accomplished as they too are extremely

useful.

24.3.2 Continuous Perspectives

The continuous portions of bulk material transportation
systems' models are capable of being represented with either

block or expression form languages. Block form languages
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emulate analog computer behavior for continuous system
simulation. They permit subroutine connection and control
in much the same way as an analog patchboard permits control
of electronic units. Expreséion form languages are a more
recently developed <c¢lass which combine the simplicity
offered by block form languages with the power and
convenience of algebraic and logical statements. For this
reason, the proposed simulation language shall be expression
form. The language will therefore facilitate direct
representation of the mathematical eguations which describe
the system. This shall provide for more convenient
programming for the language user. It is proposed that the
c&ntinuous system facilities will closely adhere to the
specifications of the Simulation Software Committee of
Simulations Councils Inc. for continuous system simulation

languages [41].

24.3.2.1 Continuous System Equations

The simulation of continuous systems typically involves
the use of differential and/or difference equations for the
system description. The proposed simulation language shall
offer facilities for solution of both equation types,
providing the user with a choice as to continuous system

representation. Examples of their use includes  the
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description of material flow either by pipeline or conveyor,
and the representation of loading and unloading

characteristics.

24.3.2.2 Numerical Integration

The use of a digital computer for continuous system
simulation requires that the proposed simulation language
incorporate an algorithm for numeric integration. There are
a large number of currently utilized techniques for digital
computer evaluation of continuous systems [18,33,49,70].
The decision as to which to use is primarily determined by
the following;

1. Computer.memory (both available and required)

2. Acceptability of errors due to:

a) Numerical approximations
b) Roundoff (finite word length) effects

3. Computational efficiency (processing time)

4. Stability of the method

Currently available algorithms are typically restricted
to solving systems of first order differential equations
[33]. This requires the proposed language to facilitate the
representation of an arbitrary nth order differential
equation by an equivalent system of n first order
differential equations. Korn and Wait classify numeric

integration techniques as follows [49];
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1. Multi-step rules - These utilize past wvalues to
approximate a solution wvalue either implicitly or
explicitly, and require one derivative call per
integration step.

2. Predictor-corrector methods - These combine a
predictor rule for estimating the solution with a
corrector rule to impfove the estimate. They
typically require two derivative calls per

. integration step.

3. Runge-Kutta methods - These methods are designed to
be exact for a polynomial of order n. They are
classified by order which corresponds to the number
of derivative calls per integration step, and they
utilize an averaging process to obtain improved
derivative approximations.

Multi-step rules present difficulties in their initial
use and with discontinuous derivatives where the
approximation is inaccurate [49]. Predictor-corrector
methods offer an improvement in accuracy and stability.
They typically incorporate a technique for altering the step
size based on a difference in solution values. Runge-Kutta
algorithms are the most efficient and present fewer
programming difficulties [70]. They also tend to be less
sensitive to certain stability problems which occur with

numeric integration.
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It would be difficult at this time to determine which
method would be optimal with regard to bulk material
transportation system simulation. It is concievable that
the 1language will incorporate more than one algorithm,
providing the user with a selection. Korn and Wait state
that no one rule is best for all purposes however most
researchers consider a fourth order Runge-Kutta-Fehlberg
algorithm to be suitable for most general purposes [49].
Dickie presents thirteen commonly used techniques which are
compared on the basis of memory space, number of derivative
evaluations, total number of errors, and relative efficiency
[18]. It would be advantageous to perform a similar
comparison utilizing the selected computer type prior fo
selecting a particular method of numeric integration for the

proposed language.

In conclusion, bulk material transportation systems and

models require symbolic, dynamic, stochastic,
discrete/continuous representation for an accéptable
simulation analysis to be accomplished. It 1is therefore

necessary that the proposed language possess, at least,

these capabilities.
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24.4 TIMING MECHANISM

Acknowledging the use of a combined discrete/continuous
simulation language perspective, the proposed language's
timing mechanism must offer the following capabilities;

1. The ability to manage the timing of a purely discrete

model.

2. The ability to manage the timing of a purely

continuous model.

3. The ability to manage the timing of a combined

discrete/continuous model.

The possible occurrence of each of these model types
necessitates a timing mechanism which is capable of
efficiently monitoring the events and activities for each.
The concurrent timing mechanism described in Section 8.1.6.1
represents a synchronization of a next event and a fixed
increment time clock. The fixed increment timing mechanism
facilitates simulation of tﬁe continuous model portion by
permitting derivatives and system states to be calculated
with each incremental time advancement. The next event
timing mechanism permits identification of the time of the
most imminent event, updating the system state at that time.
The synchronization of these timing mechanisms forces the
"fixed" increment mechanism to alter the specified step size

such that the time of the most imminent event is exactly
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reached, permitting it to be executed at the proper time.
The necessity of this timing operation is obvious from the
following example. Within a conveyor system, the conveyor
typically operates continuously with scheduled downtime for,
for example, - personnel shift changes or maintenance. The
fixed increment timing mechanism will continuously monitor
the conveyor (and material) movement. However the
occurrence of the prescheduled downtime must be recognized
and executed. The next event timing mechanism facilitates
this and permits the system state to be updated accordingly.

Use of a concurrently operating fixed increment/next
event timing mechanism will permit the proposed simulation
language to most efficiently execute‘ simulation programs
describing the operations of bulk material transportation
systems. In addition the language should offer the user a
choice of one, the other, or concurrent timing which will
increase the executional efficiency of programs written in

the proposed language.



Chapter 25

LANGUAGE FORM CONSIDERATIONS

As previously stated in Section 9.2.2, it is the goal of
the language designer to formulate the language such that it
satisfies the requirements of the eventual user. The user's
decision -as to which language to utilize occurs at two
levels; 1l)a language for use on several varying projects,
and 2)a language for use in a particular study [52]. Table
7 presents a list of considerations for language selection
at both 1levels, and therefore they will not be repeated
here.

The proposed simulation language for bulk ﬁaterial
transportation systems exists 1in a region between these
levels. It shallvbe developed for use on several varying
projects within the very specific framework of bulk material
transportation. The proposed simulation language shall be
capable of representing the systems describéd in Part 1IV.
These systems vary in terms of bulk material type, carrier
type, and transportation medium, however each of these areas
are always included in the system definition. It is
therefore the intent of the author that the language be
useful to those who desire to simulate any type of bulk

material transportation system. It is also intended that
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the proposed simulation language be a more appropriate
choice to those systems' analysts than any other simulation

language currently available.

25.1 LANGUAGE LEVEL

At this time it is not possible to precisely specify the
sophistication level of the language which will be utilized
to formulate the proposed simulation language. It is more
appropriate to state what level the language will not be.
The use of a machine language is not practical for several
reasons. Languages of this form reflect the command
structure and detailed design of a particular computer type.
Additionally the tediousness and complexity aésociated with
machine language use ténds to make it impractical for the
formulation of the proposed simulation language.

Problems of the same type would arise if an assembly or
second level language was utilized. These languages
incorporate a string of mnemonic symbols which correspond to
machine language instructions. Assembly languages are also
more computer oriented than is desired and would require a
considerable programming effort for the formulation of the
proposed simulation language.

An additional disadvantage associated with the use of

either a machine or assembly language is that they are often
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unfamiliar to the intended users. It is intended that the
simulation language be as wuser friendly as possible,
permitting comprehension and possible alteration of
subroutines, for example, report generation facilities, as
desired. These considerations promote usage of, at the very
least, a third level l;nguage for the proposed simulation
language formulation.

Programming, or third 1level languages are machine
independent, and are utilized in the formulation of most
currently used simulation languages. It is probable that
the proposed simulation language will also be written
utilizing a programming language. These languages do not
present the comprehension difficulties of 1lower level
languages because their statements are either of artificial
English or mathematical form. Certain languages are of
modular form, such as PL/l1. This facilitates translation of
programs written in the language (source program) 1into a
~machine code (object program) thch must be accomplished for
computer exécution. The use of a compiler rather than an
interpretive language typically requires less computational
time due to its method of source to object translation, and
is therefore a better choice.

Although it 1is not known what language the proposed

simulation language will be written in, it will more than
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likely be of a third level type. What can be stated at this
time 1is that the proposed simulation language will be a
fourth, or high level programming language. The language
will be specially developed for simulation analysis of bulk
material transportation systems. It will employ an
interpreter program, written in a programming language,
which will generate a third level language program which
will then be compiled into machine <code for computer

execution.

25.2 MODULAR CONSTRUCTION

The overall construction of the proposed simulation
language will be modular in nature. It is intended that
each mode of bulk material transportation will |be
represented by one or more modules, (or submodules). The
level of detail of these modules cannot be specified at this
time. In accordance with the process interaction
perspective, the movement of the bulk material through a
system shall be described in terms of the following modules;

1. Rail

2. Highway

3. Conveyor

4. Inland water

5. Ocean
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6. Pipeline
For example consider the movement of coal from a mine to an
overseas port facility. This system 1is presented, 1in
extremely simplified form, in Figure 2. As previously
mentioned, the loading and unloading operations may be
described as processes. The conveyance of <coal is
distingushed according to the transportion mode. The user
is reqﬁired only to specify the mode and provide the
necessary descriptive parameters such as speed, distance

travelled, amount of material, etc.

25.3 OUTPUT REPORT GENERATION

The primary requirement of the proposed simulation
language's output report generation facilities is that they
be easily understood by the intended user. In addition,
these facilities shall be as complete as possible. This
requires that data be presented in terms familiar to bulk
material transportation systems' analysts. Table 15
presents examples of these terms. A survey of each
transportation mode with regard to terms such as these will
facilitate their inclusion within the proposed simulation
language. The language shall offer a variety of output
formats from which the user may choose for data

representation. Table 16 presents a listing of these. The
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main objective of these facilities is to make the report
generation facilities as user specified as possible.
The term user specified implies that the user may select,
from. a list of available parameters, precisely the output
format desired. These 1lists shall be as complete as
possible, identifying the available language options for the
user. A

The statistical aspects of the output reports shall also
be as user specified as possible. The programmer must be
able to specify what statistics are required for each type
of data requested. Additionally, the language shall possess
the capability of providing output reports at any time
during the simulation program execution. Table 16 presents
a.listing of statistics which may be provided for.

Statistical analysis of ou'tput data is typically not
accomplished by currently available simulation languages.
Instead, a separate program 1is usually required, as is the
case with SIMSCRIPT II.S. Prior to the actual formulation
of the proposed simulation language, it cannot be determined
how difficult the incorporation of such a feature will be
from a programming perspective. However, 1if statistical
analysis 1is included, the user will be able to specify
whether or not the analysis should be performed. Examples
of statistical tests which can be made available are

presented in Table 16.



TIME
seconds
minutes
hours
days
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TABLE 15

Output Report Terms

RATE
tons/hour
feet/second
miles/hour
pounds/minute
gallons/day

QUANTITIES

pounds
tons
gallons
miles
feet
yards

GENERAL
railcars
barges
ships
holds
trucks
carloads
capacities
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TABLE 16

Output Report Types

Formats

tables

bar graphs
histograms
plots

trace
correlograms
graphics

Statistics

mean
variance
covariance
current value
cumulative wvalue
minimum value
maximum value
sample size

Statistal Tests

linear regression
linear correlation
analysis of variance
tests of means

tests of variance
proportional tests
non-parametric tests



Chapter 26

COMPUTER CONSIDERATIONS

The choice of computer type for which the proposed
simulation language will be formulated is restricted by the
type of computer available to the language developer.
Virginia Tech's mainframe computer is presently of the IBM
370/158 series which is a digital computer. The advantages
of utilizing a digital as opposed to a hybrid or analog
computer have been previously presented in Table 4 and
include high computational speed for both logic and
arithmetic operations, large storage availability, and
greater flexibility. Although analog computers are
available through Virginia Tech's Electrical Engineering
Department, their restriction to the simulation of
continuous systems make them an impractical choice.

In addition, the following types of personal computers
are available to the language developer;

1. IBM PC

2. TRS 80 - Model II

3. Apple II PLUS

The proposed simulation language will be suitable for use
on Virginia Tech's mainframe digital computer. It is not

possible to specify at this time which of the personal
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computers will be the most appropriate. It is desired that
the proposed simulation language be operational for at least

one, if not all, of those mentioned above.

26.1 DATA STRUCTURING

‘The data structuring abilities of the proposed simulation
language shall provide for efficient storége and retrieval
of very structured system information. This typically
involves the use of a file maintenance system with search
and removal mechanisms, and which is capable of
prioritization. fhe following sequence of events must be
facilitated by the proposed simulation language [15].

1. Information eﬁtering the computer system is analyzed

and subsequently classified.

2. The information is stored in an ordered fashion (not

necessarily according to the classifications in 1).

3. The wuser requests‘ information by specifying its

classification or type.

4. The storage facilities are searched and the proper

information is located.

5. Thé information is provided to the user.

Techniques for information storage and retrieval are
plentiful and varied [15]. The choice is deﬁendent on the

amount and type of computer storage devices available, and



166

the type of information being dealt with. Several of the
currently available simulation languages (SLAM, SIMSCRIPT
II.5, SIMAN) employ what is referred to as a linked list
form of information storage and retrieval:

A linked list system permits data to be stored in a
manner that depicts the data relationships in an ordered
fashion, and is ideal for queuing systems [33]. Detailed
descriptions of their operational characteristics may be
found in [11,52,70,71,77] and the reader is referred to
these publications. The various types of linked lists are
described in terms of density, dimension, and seguence.
They may be searched serially or may provide for direct

location of required data.

26.2 DOCUMENTATION

The importance of language documentation capabilities
cannot be overemphasized. It is considered necessary for
the following reasons;

1. For understanding program input.

2. For understanding the program processing.

3. For understanding program output.

Language documentation capabilities also serve the following
purposes;

1. Facilitating program updating.
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2. Facilitating the transfer of programs from one

computing facility to another.

3. Facilitating the transfer of programs from one user

to another.

It is intended that the programs written in the proposed
simulation language be self documenting to as great a degree
as possible. This is a result of utilizing terms familiar
to bulk material transportation systems' analysts. In
addition, the language shall permit the user to incorporate
non-executable statements within a program. An example of
the use of a non-executable statement type is the FORTRAN
COMMENT statement. By properly identifying a program line
aé a comment line, the user may insert any message, or other
form of documentation, at any point within a program. Many

languages incorporate a feature of this type.

26.3 DEBUGGING

Debugging is the technique of detecting, identifying, and
rectifying errors, or '"bugs" which may occur during the
execution of computer programs [15]. As previously
mentioned in Chapter 10, debuggining facilities are capable
of assisting the simulation analyst in the validation and

verification of the model and program, respectively.
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Logic errors may occur as a result of incorrect
appreciation of the language features while syntax errors
occur due to incorrect program coding. Errors are typically
detected from incorrect output (detected by the programmer)
or due to the failure of the program to execute (detected by
the computer). It is the computer detectable errors which
the proposed simulation language's debugging facilities will
address.

Computer detected errors are identified during
translation of the user program into machine language for
subsequent execution. Once found, the cause of the error
must be diagnosed. There are several ways 1in which the
proposed simulation language may assist the wuser in
determining the cause of error. The provision of a computer
trace or diagnostic routine provides a printed record of the
action taken by each instruction. It may provide records of
all or selective instructions. Additional facilities
include prints; of selected internal storage at various
stages of program execution, or theb contents of backing
store, for example magnetic tapes or disks [15]. The
proposed simulation language shall be capable of identifying
commonly occurring errors, and of providing a printed

message of the error type and location.



169

The above mentioned facilities should be developed
concurrently with the proposed simulation language.
Therefore it is infeasible to discuss them in any greater

detail until the time of language development.



Chapter 27

SUMMARY

This thesis has detailed the development of functional
specifications for the formulation of a bulk material
transportation system simulation language. Following an
introductory part, Part II has presented a detailed
discussion of the simulation analysis process. The process
is viewed as an iterative sequence of steps which guide the
analyst through the analysis procedure. Emphasis is given
to the relationship between the énalysis procedure ané the
simulation language utilized. Part III has presented
reviews of a selected number of simulation languages. Tﬁis
results in a knowledge of the capabilities of currently
available simulation languages. Part IV introduced bulk
material <transportation systems and their characteristics
from a simulation analysis perspective. The intent was to
present these systems so that they will assist in developing
the conclusions of this research. Part V has presenfed the
functional specifications for a bulk material transportation
system simulation language. The specificatiéns have been
described according to system description, language form,
and computer or hardware considerations. This part has

presented the conclusions of this research.
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Chapter 28

FUTURE DEVELOPMENT PLANS

Continuation of the research initiated in this master's
thesis will result in the actual language development which
will be described in future research. Figure 3 depicts the
logical succession of activities which shall culminate in
the presentation of the simulation language for use by bulk
material transportation systems' analysts. This 1list of
events 1s not all inclusive. Instead it presents what are
considered to be the more important milestones in the
language development.

The initial phase of thé language development involves
the selection of the computér hardware on which the language
will be functional. This 1s dependent upon the type of
hardware which 1is readily available to the language
developer. In conjunction with this decision, a computer
language 1is selected which will be used to write the
simulation language. This phase requires careful
consideration by the language developer whose familiarity
with the hardware and software will directly influence the
efficiency of the language developed.

Once this phase has been accomplished, actual language

development may begin. The development consists of several
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tasks which may be performed in a wide variety of sequences.
These tasks include the selection and coding of wvarious
programming aids such as random number and random variable
generators, and data storage and retrieval mechanisms.
Additionally, .the system descriptions and activities are
formalized and coded. Validation and verification shall
occur concurrently with language development as well as the
initial construction of a user's manual.

The final phase involves the presentation of the language
for analysts use. Final testing of the fully operational
language 1is accomplished as well as formalization of the

user's guide.
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