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ABSTRACT

Thiz paper discusses how a dizcrete event mimulation
model was developed uzmmg ProModel Software for
applhication azs a PC bazed decizion support tool m the
logistical manarement of 2 marme based distnbution
system. The system 13 operated on an mland waterway
network with a dedicated fleet of bargssz and tughoats to
transport products from several source plant loading points
to multiple distnbution =ites at other locations along the
waterway network. The general problem addreszed here 1s
the determunation of proper flest sizing, and appropriate
resource allocation to meet potential delrvery requirements
m a fimely manner.

A famohar argument was found to exist here:
operations personnel 1n the fisld claimed that a shortage of
rezgurces (bargez) praclude them from achieving requred
system performance, while management claimed that
available resources are sufficient but are not being applhed
mn the most effective mamner. With cost estimates for new
barze mvestments being 1n the neighborhood of 5230,000
each, an appreciation and understanding of the true
resgurce reguirements prezents a worthwhile undertaking.

Proper development and analys=is of an appropnately
thorough, and +izually enhanced, simulation model of the
system 13 well smted as a potenfial solution mm settling
the arzument.

1 INTRODUCTION

The nature of this barge zvstem, as with many manne
diztnbuhion svstems, tends to pose complexities which
prezent a significant challengs to obtammmg optimally
effective operahon. Random vanabibty in tramsit times
between pomts cn the water due to constant changes m
weather conditions, az well az 1sswes 1n mamtamme
marmne equpment reliablity are the more prevalent of
several syvstem characteristics which all combimne to create
thiz challenge.
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For the purpoze of thiz discussion, the respective
marine distnbubon szvstem 13 categonized mto fwo
subsystems:

1) The uprrrer resion network where primanly the

product loading function 15 performed at mmltiple sites.

2) The downriver region network, where product
unloading to multiple distnbution yards and customer
sites 15 the primary funchon.

Thera are appromimately 100 barges mn the flaet and
affectrvely 12 fugboatz used to chuttle the flast of barges.
The total system network extends approxmmately 130
miles from end to end. The resulting system network
configuration follows a2 hub and spoke arranzement with
both subzystems sach having one hub used 2z 2 regional
consolidation point. Theze hubs are located
approximately 90 miles from one another.

There are two distinet poszibilifies for the use of 2
simulation model of thas system. One being the evaluahion
of the stratemic, or long term management honzon, which
may mvolve capifal mvestment and changes m overall
operating polhicy. Examples of thiz would be the addition
or ehmmation of barges or fugboats 1 the fleet, or
sigmficant adjustmentz to site operating schedules. The
second, being for responses of a short termn  tactical nature,
such as destermunmg the appropnate answers to daily
allocation and routing decisions - much the same as a
svstem dispatcher performs on a regular basiz. For this
mifial phase of developmg, and applying a zimulation
modal of the overall syvstem, a more strategic, long term
focuz has been the primary objectrve. Future evolution
of the model may mclode wvsme o for decision support
over a short term horzon.

I SYSTEM DESCERIPTION

The two remional subsystems are both compnszed of
multiple sites, each having i1t= own operating charactenstics
such asz: respective operating schedule, number of cranes,
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equipment load / unload rate, and dock capacity.
Furthermore, zeveral of the upriver production sites load
umigue product offenings. A recent count resulted in the
wentification of owver 30 different products for all
production sites combined.

Some downrrver unloading sites may require a varied
mix of these products to be delhivered at any ziven time;
while others tend to consistently use predictable amounts
of a certam product on a regular bazis

The tugboats operate, for the most part, contimaously
around the clock, seven days per week. Certamn larger (long
haul} tuzboats are primanly used for longer haul shuttles
betweaen the two subsyvstems, while the remaiming smallar
tugs are dispatched regionally 1m  therr respective
subsystemn. While the tugboatz sach have ndrndual
operating charactenstics which differ somewhat, the
charactenistic of most sizmificance m thizs situation 15 the
number of bargez which 2 miven tugboat can handle at one
time on any grven waterway segment. This number has
histerically vaned from ons, to as many as nine barges at a
time for a grven tuzboat.

The bargez have respective characteristicz 1n terms
of capacity (measured mn tons), and 1n some cazes product
class restrictions. Certamn barges are also restricted to
beinz used only m certamm locations due to poor overall
condition making them unsuitable for long distance transzit.

3 MODEL DESCRIPTION

The ProMbodel 4.0 software wasz found to be surtable for
handling this syvstem model. The dezire to develop a
thorough, isually descrniptrve and efficient smmulation
modal having reazcnable execotion speed called for taking
a2 well planned approach regarding the management of
simulation events and mtegration / mampulation of data.
The modelng structure of ProModsl 4.0, which suggests
a paradiem for puthng objectz m terms of Entities,
Locations, and Resources, directly fits the components of
the dizstmbution system. The Path Networks module
accommeodates the transit aspects of time and capacity for
each of the navigational waterway segments.

Barge: were sat up a2z entifiess and had attachsd
aszociated aftnbutes designated for capacity, 1dentification
number, and destination. In the case where barges were
combined together for transit, the Group function was
emploved and a comresponding  respectrive entity graphic
for group z1ze was also applied for wvizual accuracy in the
amimation.

A barge status code was devized for the model as an
mstantanscus pomt mndicator of the status of each barse
at any moment 1n the svstem. Thiz indicator code was
assigned az follows:

0  Barge empty n staging

Barge baing loaded

1
2  DBarge loaded and warting for tugboat

1220

3 Barge loaded m tow

4  Barge Armved — waitme to unload

3 Barge bemg loaded

&  Barge Unloaded — waihing for tugboat
7  DBarze empty m tow

£ DBarze loaded mn stazins

Creafing a zingle dimenzional array wath 100 cells
correspondme o barge ID made for an elegant approach
to addreszs these instant status codes throughout a model
mun period.  Also the posting of mstantaneous status for
avery barge on the ammation screen allows for momtermg
a grven barge or a certamn group of barges during the
simulation. A cumulatrve indication of the number of
barges m a given status at amy tmme 13 also directly
provided.

Tughboats were defined as Resources mm the model
Smce the system generally employs three larger tugs for
long haul tranzifz, theze were set up as one respurce type of
3 umfs. The uprnver network subsystem suggested the
creation of a2 separate resource tvpe with wumits
correspondme to the smaller regional tuss. In 2 simular
fachion the dowmnver nstwork sobsystem had 1ts
complement of local tugboats zet up as vet another
resource type. With this structure 1n place, the result was a
prescriptive elemental domaimn for each of the three fypes
of resources. This helped to provnde a sood head start
managzing the resources appropriately m each of therr
networks.

Locationz (lead / unload =ites) m the model were
referenced to respectre shift patterns. Ome of the 1zzunes
surfacing as a sigmificant “what-1f"” candidate inclodad the
quesfion of what shifts to operate at saveral locations.
Perhaps around the clock operation of some =sites could be
shown to be non cost effective under certam conditions. Or
possibly one or two sites mught be shminated altogether,
vielding a positrve effact to the bottom line of the entire
operation

Ome parficularly interssting approach for streambming
the model’s efficiency came to heght when it was found
that mtwmtrvely modelmg product m terms of common
antity units created an unuosually (and unnecessanly) large
guantity of enfities 1n the model at any given time. As 1=
often the cass, putting entities m a dizerate form consistent
with a common umt of measure can be the most mturtively
direct appreach i simulation modeling, however it can
alzo be the farthest from the most efficient uze of the
simulation engme. In thizs caze, 2 common mdustry
measure of the product 1= often given 1mm umits of toms. It
logically follows that one muzht meodel the system with an
entity being equivalent to a ton of product / matenal. Whle
a workable approach, the entify volume was found to be
several orders of mazmitude greater than neceszary. A more
appropriate sclubon was found whereby an enfity was
equated with a grven product load at each zite. A genenc
routine with a simpls load calculation and rate alzonthm
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was created to deterrne loadmg time for each aite by
product while simmlating movement of tons of product
uszing an on seresn vanable. It was later found that a
relatively recenmt famk comstruct incloded m ProModel
accomphshe: a2 smmlar funchon for dealms with
continuous flow products m the process mdustry.

4 TUSE OF THE MODEL

The synthesiz of the model, 1 large part, 1mufially stemmed
from the forecast demand structure m use for directing the
operation of the system. The demand for products fo be
delrvered 1= ageregately determined om a weekly bamis.
Bazically thiz imvolves a gemeral consensus reached
between sales and production persomnel 1n comjunchon
with the manne operations department The objective 1s
determmned for the following weesk and a plan put 1n place.

It wasz thousght that 2 model of the syvstem which
evaluates the activity associated with an upcoming week
of system operation would be directly applicable a:= a
tool for assessing how to best meet the demand objectve
with resources availabla. There are a few obstacles which
complicate using the simulation model in thiz manner.
While simmlation lends itself particularhy well to analy=is
of systems exhibiting random vanahlty m their
components, the siuation associated with this parheular
marine distnbufion svstem’s vanability 1z excesdingly
laree over the short termm. Egqupment reliabihty and
weather conditions over the span of a henizeon of several
days combine to make for a2 level of confidence which 1=
alzo exceadingly large.

However, the model does prove to be a valuable azset
m determiming and commumcating what resources should
be allocated to what functions over an extended period of
time. It also aids 1n conducting a sensitmaty analysiz for
wdenftifying opportumities for modifying , renovatng, and
revising components and operating policies respectively.
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