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EXECUTIVE SUMMARY
Genesis, Evolution, and Structure of the Report

In February 2003, the Center for Transportation Studies at the University of Missouri-St. Louis
released a white paper produced for the Institute for Agriculture and Trade Policy (IATP)
entitled: “Upper Mississippi River and Illinois Waterways: How to Reduce Waiting Times of
Vessels While Using the Current Infrastructure.” The white paper recommended investigating an
appointment system and revisiting some other low cost measures previously identified but
rejected by the U.S. Army Corps of Engineers as a means of reducing the congestion that occurs
periodically at locks in the Upper Mississippi River and Illinois Waterway (UMR-IW).

Based on that recommendation, the Center for Transportation Studies initiated a project in March
2004 designed to (1) improve the management of and reduce the operational costs of inland
water transportation assets and (2) identify and evaluate specific traffic management measures
for implementation on the Upper Mississippi River and Illinois Waterway segment of the inland
water transportation system. This project was funded by the Midwest Transportation Consortium
with matching funds from the University of Missouri-St. Louis. The Institute for Water
Resources (IWR) of the U.S. Army Corps of Engineers provided lock operations data. The IATP
was to also contribute to the project, but withdrew because of financial considerations that fiscal
year.

In June 2004, the IWR agreed to fund a companion project at the Center for Transportation
Studies that would investigate the potential use of vessel tracking systems primarily as an aid in
implementing lockage and traffic management policies. Funding this companion project also
made the Corps a full partner in the original study. The “vessel tracking” companion project
included (1) an investigation of automatic vessel tracking applications and related geographic
information systems for inland waterway transport on the Upper Mississippi River (UMR)
system, (2) the documentation of appropriate technologies necessary to implement a vessel
tracking system, and (3) the development of a prototype vessel tracking geographic information
system.

Consequently, this report is structured in two distinct but related volumes. Volume 1,
“Identification and Evaluation of Alternatives for Managing Lock Traffic on the Upper
Mississippi River,” focuses on identifying and evaluating traffic management alternatives for
possible implementation and Volume 2, “Vessel Tracking for Managing Traffic on the Upper
Mississippi River,” focuses on the feasibility of using vessel tracking systems to provide real
time or near-real time data on tow positions in support of new lockage or traffic management
policies. A summary of each volume follows.

Volume 1 Summary

This volume examines and evaluates alternative traffic management policies designed to
improve the efficiency of lockage operations in an intermittently congested segment of the UMR
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navigation system. The traffic management alternatives examined and evaluated range from lock
appointment systems, to re-sequencing tows for processing at a lock or a series of locks, to the
complete scheduling of vessel movements on the waterway.

A detailed statistical analysis of U.S. Army Corps of Engineers 2000-2003 OMNI data compiled
for the UMR navigation system is presented which indicates that the UMR system segment
bounded by Lock 20 upstream and Lock 25 downstream experiences some periodic traffic
congestion, is subject to intra-seasonal changes in demands for service, and operates as a
interconnected system in that Locks 20-25 share a large amount of common and interrelated
commercial tow traffic. The statistical analysis considers the role of many diverse factors in the
operation of the UMR such as: the different types of vessels using the system; the different types
of lockages required by different vessels; the night or day movements of vessels in the pools
connecting the locks, the night or day lockages of vessels; and differing river flow characteristics
that affect tow movements, to determine their impact on lockage times and transit times between
locks. Equations produced by the statistical analysis are then employed in a new simulation
model used to evaluate the results of implementing scheduling and sequencing rules designed to
manage queues and vessel traffic more efficiently at Locks 20-25.

The discrete event simulation model is presented, validated against known UMR traffic flows,
and used for investigating the effects of these traffic management alternatives. The simulation
model extends earlier inland navigation simulation models of systems of locks by explicitly
incorporating seasonal and interdependent traffic demands for specific origin and destination
trips into the model. The simulation model is calibrated with historic data and shown to
accurately represent the overall operation of the system including the periodic seasonality of the
demand for lock use evident in the U.S. Army Corps of Engineers OMNI data.

Volume 2 Summary

This volume examines the feasibility of vessel tracking systems for better managing lockages on
the UMR navigation system. Vessel tracking systems are widely available and can be used to
improve waterway operations and to enhance safety, security and environmental protection in
many settings. This volume describes current vessel tracking applications and technologies and
presents a prototype vessel tracking geographic information system for the UMR. A description
of automatic vessel tracking and related applications that have been developed for a variety of
purposes worldwide and may be relevant to the UMR is presented first. This includes satellite-
based vessel tracking systems, automatic identification systems (AlS), vessel traffic services, and
vessel traffic management systems. The volume then discusses ongoing efforts to develop
comprehensive inland waterway traffic management systems that exploit technological
developments to provide stakeholders with information to support better waterway decision-
making.

Next, the volume describes technologies necessary to implement a vessel tracking system on the
UMR, including methods for acquiring dynamic data for vessels, and for communicating this
data to a geographic information system (GIS) for visual display. Important issues in position
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reporting, communications, and data integration, as well as key organizational issues involving
responsibility and authority associated with vessel tracking on the UMR are highlighted.

Finally, a prototype vessel tracking GIS is presented that provides static displays and an example
of dynamic vessel tracking to demonstrate the functionality possible from vessel tracking on the
UMR. The prototype is built using the Arc Map 9.0 GIS with the Tracking Analyst extension for
managing the dynamic display.

Conclusions

Our analyses reveal that, as a consequence of the low commercial traffic levels currently evident
in the UMR navigation system, implementing an alternative traffic management policy does not
appear to yield sufficient benefits relative to its costs to warrant the market disruptions its
implementation would create. However, the implementation of a vessel tracking system could be
designed to provide the additional benefits of enhancing homeland security, improving
navigation safety, protecting environmentally sensitive river habitats. It may also provide a basis
for implementing future traffic management policies should traffic levels significantly increase
or the operational characteristics of the UMR navigation system significantly degrade.

Recommendations

1. New traffic management policies such as appointment and scheduling systems should not
be implemented on the UMR at this time because of the small economic benefits they
would create relative to their costs at existing traffic levels and the potential disruptions
they would create in existing water transportation markets.

2. New traffic management policies such as appointment and scheduling systems should be
evaluated under conditions of both significantly increased traffic levels and significantly
degraded operating characteristics of the locks comprising the UMR navigation system in
order to ascertain the effectiveness of alternative management policies in those
circumstances.

3. Vessel tracking systems for lockage or traffic management on the UMR should be
designed in concert with the selection of a potential lockage or traffic management
alternative.

4. Responsibility and legal authority for lockage and traffic management on the UMR
should be clarified before implementing larger scale lockage and traffic management
systems.

5. Opportunities to partner with other agencies and private organizations in developing
vessel tracking on the UMR should be explored; one area for special attention is to
strengthen linkages with the Coast Guard regarding the implementation of AlS.

Xiii



INTRODUCTION

The purpose of this research is to examine and evaluate alternative traffic management policies
designed to improve the efficiency of lockage operations in an intermittently congested segment
of the Upper Mississippi River (UMR) navigation system. Figure 1 presents a map of the UMR

portion of the inland navigation system.
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Figure 1. Map of the UMR navigation system (Source: U.S. Army Corps of Engineers)

The traffic management alternatives examined and evaluated range from lock appointment
systems, to re-sequencing tows for processing at a lock or a series of locks, to the complete
scheduling of vessel movements on the waterway. The research creates and evaluates a discrete,
event-based simulation tool for use in investigating changes to the operational characteristics of
an important segment of the Upper Mississippi River-1llinois Waterway inland navigation

transportation system.

A detailed statistical analysis of U.S. Army Corps of Engineers 2000-2003 OMNI data compiled
for the UMR navigation system is presented, which indicates that the UMR system segment
bounded by Lock 20 upstream and Lock 25 downstream, as seen in Figure 1, experiences some
periodic traffic congestion, is subject to intra-seasonal changes in demands for service, and
operates as a interconnected system in that Locks 20-25 share a large amount of common and



interrelated commercial tow traffic. To determine their impact on lockage times and transit times
between locks, the statistical analysis considers the role of many diverse factors in the operation
of the UMR, including: different types of vessels using the system, different types of lockages
required by different vessels, night or day movements of vessels in the pools connecting the
locks, night or day lockages of vessels, and differing river flow characteristics that affect tow
movements. Equations produced by the statistical analysis are then employed in a new
simulation model used to evaluate the results of implementing scheduling and sequencing rules
designed to manage queues and vessel traffic more efficiently at Locks 20-25.

The discrete event simulation model is presented, validated against known UMR traffic flows,
and used for investigating the effects of these traffic management alternatives. The simulation
model extends earlier inland navigation simulation models of systems of locks by explicitly
incorporating seasonal and interdependent traffic demands for specific origin and destination
trips into the model. The simulation model is calibrated with historic data and shown to
accurately represent the overall operation of the system including the periodic seasonality of the
demand for lock use evident in the U.S. Army Corps of Engineers OMNI data.

The simulation model developed for the UMR navigation system differs from prior waterways
simulation models in two important dimensions. First, the UMR navigation system model
explicitly embodies the fact that the demand for use of the UMR is highly seasonal in nature and
that the UMR system never achieves or approximates a steady state level of system performance.
The lack of steady state performance characteristics is the direct result of annually repeating and
readily predictable periods of relatively high and low demands for use of the system. Therefore,
the steady state queuing system models that approximate the operating conditions of the UMR
used in existing Corps of Engineers system economic models are not appropriate and may distort
the economic evaluation of potential changes to the operating conditions or infrastructure of the
system. Second, the UMR navigation system simulation model explicitly incorporates the fact
that the production of individual system movements can not be independent of each other as the
waterway transportation equipment needed to complete each movement must first be delivered to
the origin of the movement from some other waterway location. Hence, the supply of equipment
required to complete individual water movements is related to other system movements and the
resulting performance of individual locks within the system will be linked by the common tow
traffic of the interrelated trips. Therefore, system performance characteristics such as queue sizes
and waits for service at system locks will be related and modeling these locks as a sequence of
independent servers is not appropriate. Consequently, navigation system economic models that
incorporate the assumption that locks operate as independent servers may distort the evaluation
of potential changes to the operating conditions or infrastructure of the navigation system.

The common tow traffic, the existence of periods of high and low levels of demand for use of the
system, and the variability of lock service times provide currently untapped sources of efficiency
for the implementation of alternative traffic management policies in the operation of the UMR
system. Specifically, system efficiencies might be created by scheduling traffic, re-sequencing
vessels for processing at the locks or by providing economic incentives for decreasing system
use during high demand periods and increasing system use during low demand periods.



THE UPPER MISSISSIPPI RIVER NAVIGATION SYSTEM

The Upper Mississippi River is an integral part of a national inland water transportation network.
The UMR river navigation system provides an important transportation link both into and out of
America’s Midwest. The UMR navigation system extends approximately 663 linear miles from
just north of Minneapolis, MN, southward to the confluence of the Mississippi and Missouri
rivers near St. Louis, MO. Reliable navigation conditions are created in the system by a series of
29 lock and dam facilities which maintain a minimum usable channel depth of nine feet for the
entire length of the navigable system.

The UMR lock and dam system was originally constructed beginning in the 1930°s under the
authority of the 1930 Rivers and Harbors Act. This legislation directed the U.S. Army Corps of
Engineers to construct and maintain a navigation channel with a minimum depth of nine feet.
The dams were constructed to retain enough river flow to permit sufficient depth for navigation
of commercial tows and other vessels. A series of interconnected water stair steps, called pools,
are created by the dams to ensure the desired navigation conditions in the system. The lock
chambers were constructed to permit the navigation traffic to pass through the dams and thereby

navigate to the next pool in the water staircase. Figure 2 presents a schematic view of the UMR
pool system.
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Figure 2. Schematic view of the UMR pool system
(Source: U.S. Army Corps of Engineers)



Most of the original locks were constructed with main chambers 600 feet in length that were
designed to accommodate the largest commercial tows of the 1930’s and 1940’s. However, over
the ensuing decades, towboats on the UMR have become larger and individual flotillas pushed
by tows are composed of more and larger barges. Most fully assembled tows on the river today
exceed 600 feet in length and require that a group of barges be decoupled from the fully
assembled tow in order for the tow to pass through the locks. These segments of tows are termed
cuts. These cuts are subsequently re-coupled after passage of the entire tow through the lock as
the fully assembled tow continues transiting the system. With rare exceptions, the largest tows
operating in the UMR system require two cuts to pass through a 600 feet long lock. These
“double lockages” require a relatively lengthy processing time for these tows to pass through
UMR locks and contribute to periodic congestion evident at some locks on the lower portion of
the UMR. Selected important physical and operational characteristics of the UMR locks are
summarized in Table 1.

Table 1. Selected characteristics of the locks in the UMR navigation system
(Source: U.S. Army Corps of Engineers)

2002
River Year Length| Width | Lift |Utilization
Lock Mile Opened | (Feet) | (Feet) | (Feet) (%)
Upper Mississippi River

L5A 53349 1963 400 30 44 13
L5A §53.3 1939 400 36 23 16

1 {(Mam) 847.8 1930 400 36 32 17
1 CAuziliary) 847.8 1932 400 36 32 ]
2 (Main) 815.0 1930 300 110 11 36

2 (Aumiliary) 815.0 1943 &0 110 11 na.
3 796.0 1938 &0 110 2 39

4 7518 1935 &00 110 7 33

3 738.1 1933 &00 110 9 32

3a 728.5 1934 ] 110 3 33

i 714.0 1036 ] 110 [ 38

] 702.0 1937 &0 110 3 40

3 679.0 1937 a00 110 11 40

g 647.0 1938 G0 110 9 41

10 615.0 1935 [N} 110 2 44

11 283.0 1937 [N} 110 11 31

12 256.0 1938 [N} 110 g 32

13 523.0 193§ G0 110 11 30

14 (am) 493.0 1939 &0 110 11 B
14 (Awaliary) 493.0 1922 310 20 11 7
15 (Mfam) 4829 1934 &0 110 16 71
15 (Aumiliary) 4820 1934 360 110 16 14
16 457.2 1937 &00 110 o &l

17 437.1 1938 &0 110 2 74

18 410.5 1937 G000 110 10 71

19 3642 1937 1200 110 L 36

20 3432 1936 &00 110 10 73

21 3240 1938 G0 110 10 Th

22 301.2 1938 G0 110 10 22

24 2734 19440 A0 110 13 23

23 414 1939 G0 110 13 20

Mel Price (28] (Mawn) 200.8 19940 1200 110 24 &1
Mel Price (28) (Aux.) 200.8 1994 A0 110 24 16
27 (hdam) 185.3 1953 1200 110 21 [t
27 (Aumthary) 183.3 1933 0] 110 21 14




Agricultural products are the primary commodities transported in the UMR navigation system
and account for a majority of the annual volume of commercial shipping activity. The UMR also
serves as a major artery for the transport of other bulk commaodities such as chemical products,
coal, cement, and petroleum products. Most products shipped on the UMR system are
intermediate or raw goods destined primarily for use in the ultimate production of other final
consumer goods and products.

Towboats currently moving on the UMR may exceed 5,000 horsepower, push a typical tow
composed of up to 16 barges, and routinely exceed 1,100 feet in length when fully assembled.
The four primary types of barges employed on the UMR to carry commaodities are open hopper
barges, covered hopper barges, deck barges, and tank barges. Open hopper barges are used for
moving many types of bulk solid cargo such as coal, raw mineral products, and aggregates, and
account for some 45% of the carrying capacity of all barges operating on the inland waterways.
Covered hopper barges carry mainly grain and fertilizer products and account for some 25% of
the total tonnage capacity nationwide. Tank barges, used for transporting petroleum and
chemical products, and deck barges, used for moving a wide variety of products, make up
approximately 22% and 8% of the national barge fleet, respectively. Covered and open hopper
barges can transport over 1,500 tons of products per barge, tank barges can transport over 2,000
tons of products per barge, and deck barges vary substantially in their cargo carrying capacity.

Lockage delays in the UMR navigation system occur primarily as a result of the relatively large
variability of the volume of tonnage shipped through the system at various times of the year. To
a lesser and more variable extent, unusual events such as lock malfunctions, tow pilot errors, and
adverse vessel or lock operating conditions also contribute to the delays periodically evidenced
at these locks. The lock system was originally designed to readily accommodate tow sizes of up
to 600 feet in length. In response to the economies of larger shipment sizes, tows now routinely
exceed 600 feet. These large tows require lengthy double lockages to pass through the locks and
greatly contribute to lockage delays. Also, significant use of the UMR locks by non-commercial
vessels, such as privately owned recreation craft, periodically throughout the year contributes to
lockage delays in the UMR system.

The five southernmost 600 feet long locks of the UMR navigation system, Locks 20, 21, 22, 24
and 25 (there is no Lock 23) are the most heavily utilized 600 feet long locks and are among the
most congested of all locks in the inland navigation system. Table 2, compiled from U.S. Army
Corps of Engineers OMNI lock data for calendar years 2000 through 2003, displays by month
the mean number of lockages completed and the mean and standard deviation of the time spent
by vessels waiting for service at these five locks. Table 2 reveals that a total of 70, 180 lockages
were completed at the five locks during the four year period (an average of 3,509 lockages per
lock per year) and that vessels waited an average of 2.4 hours per lockage before beginning
processing at a lock. Also clearly evident in Table 2 is the relatively large variability of the
distribution of the wait for service time observed throughout the entire four year period.

Of the 70,180 total lockages summarized in Table 2, 58,964 lockages (84% of the total) represent
the lockage of commercial tows. These commercial tow lockages were produced by a total of
382 unique tow boats operating at these locks over the four year period with an average of 242



unique tow boats operating at these locks in any given year. These commercial tows waited an
average of 2.8 hours per lockage at these five locks. The slightly greater mean wait time of
commercial tows compared to the overall mean wait time of 2.4 hours for all vessels reflects the
relative priority in the system placed on expeditiously completing non-commercial recreation
craft lockages. Corps regulations governing recreational craft lockages state that recreational
craft may not be required to wait for more than the completion of three commercial tow
lockages. In practice, recreational vessels rarely wait even that long for service. For example, in
many cases, recreational vessels are opportunistically locked between successive commercial
tow lockages during the lock chamber turnback needed to process the next tow when the
commercial tows are moving through the lock in the same direction. Further, multiple recreation
vessels may simultaneously utilize the lock chamber in a single lockage operation and are
therefore moved out of their arrival sequence in order to fill the chamber with as many waiting
recreational vessels traveling in the same direction as possible.

Table 2 further reveals that the monthly distribution of the total number of lockages completed at
these five locks is highly seasonal in nature. The demand for lock use annually builds from a
very low level in the winter months to a peak level of use in July and August and then gradually
declines through the fall months back to a very low level of use by the end of each calendar year.
A system is said to be in a steady state when the state of the system is independent of the time of
the observation of the system. A characteristic of a steady state system is that its arrival and
service rates do not change with time. Clearly, this subsystem of the UMR system never achieves
a steady state as the vessel arrival rates change significantly throughout the calendar year.
Consequently, this high degree of seasonality evidenced in system usage levels renders steady
state models and steady state queuing system approximations as potentially poor indicators of the
real operating conditions evidenced at these five locks. A more detailed examination of the
operating conditions observed at these locks follows.



Table 2. Mean and standard deviations of wait for lockage times
UMR locks 20 through 25, 2000 through 2003

Month Year Mean Lockages Std. Deviation
(hours) (hours)
January 2000 .0000 23 .00000
2001 1.7481 166 4.67527
2002 .0012 14 .00445
2003 .0000 4 .00000
Total 1.4019 207 4.24208
February 2000 1.0760 163 4.60158
2001 5648 296 1.27191
2002 2.5018 19 7.14615
2003 n/a 0 n/a
Total .8161 478 3.20848
March 2000 1.5144 1528 1.84527
2001 .8234 1066 1.54950
2002 2.4241 1535 4.85580
2003 1.7369 1007 2.90295
Total 1.6865 5136 3.24528
April 2000 3.0814 1873 3.63508
2001 1.9867 1122 3.01575
2002 2.0783 1701 2.49104
2003 2.0323 1591 2.63217
Total 2.3491 6287 3.03581
May 2000 2.2771 1985 2.53592
2001 14.3627 744 26.04503
2002 2.0113 1872 3.18279
2003 1.4968 1618 1.92785
Total 3.4399 6219 10.16991
June 2000 2.0439 2046 2.74431
2001 3.6781 2291 3.89975
2002 3.0839 2221 4.04113
2003 1.8256 1880 2.40980
Total 2.7127 8438 3.48092




Table 2. (continued)

Month Year Mean Lockages Std. Deviation
(hours) (hours)
July 2000 1.8013 2434 2.22484
2001 5.3820 2538 9.49168
2002 2.8447 2418 3.66686
2003 2.0228 2168 2.59354
Total 3.0663 9558 5.67386
August 2000 3.5909 2275 10.91338
2001 3.6355 2400 4.68905
2002 1.4085 2242 1.90115
2003 1.3341 2121 1.84267
Total 2.5317 9038 6.22536
September 2000 1.5732 1942 2.58004
2001 1.3466 1866 1.98650
2002 1.2520 1859 1.93316
2003 1.3572 1526 9.50882
Total 1.3856 7193 4.79293
October 2000 2.8339 1885 3.74527
2001 1.3628 1698 1.92396
2002 2.2757 2025 2.89381
2003 1.5882 1733 2.38506
Total 2.0456 7341 2.90502
November 2000 2.3104 1837 2.87879
2001 1.8075 1688 2.05200
2002 3.8051 2135 4.46335
2003 1.8766 1588 2.31000
Total 2.5385 7248 3.28951
December 2000 1.7048 709 2.57404
2001 1.0194 1016 1.73588
2002 1.6265 587 3.61528
2003 1.8039 725 2.18968
Total 1.4840 3037 2.51609
Total 2000 2.3191 18700 4.69654
2001 3.1955 16891 7.68257
2002 2.3603 18628 3.50466
2003 1.7018 15961 3.70364
Total 2.4006 70180 5.16980




CHARACTERISTICS OF THE U.S. ARMY CORPS OF ENGINEERS OMNI
DATABASE

The Institute for Water Resources (IWR) of the U.S. Army Corps of Engineers (Corps) provided
a Microsoft Access database containing tow traffic data recorded by the Corps of Engineers
OMNI database system at all Upper Mississippi River locks for calendar years 2000 through
2003. The database consists of several interrelated tables including a table containing detailed
lock traffic and lock performance data recorded from 2000 through 2003, a table containing
detailed information regarding the flotilla of barges making up each commercial tow when it
passed through a UMR lock, a table containing detailed information regarding the physical
characteristics of the towboats operating on the inland navigation system, and a table containing
detailed information regarding the physical lock operations associated with each individual UMR
lockage.

The subset of records in the original OMNI database related to the tow traffic through UMR
Locks 20, 21, 22, 24 and 25 is extracted for analysis and use in the construction of a model
designed to simulate the flow of tow traffic through this subsystem of locks. Detailed
descriptions of the individual OMNI databases, the procedure employed to identify and extract
the data needed for the simulation model, and the subsequent calculations and analyses required
to prepare the extracted data into the format required by the simulation model are presented
below.

Traffic Table

The OMNI Traffic Table serves as the primary data table for the analysis of system traffic. This
table contains a unique record for each transaction completed at each lock represented in the
OMNII database. A transaction is the passage of a flotilla (or a portion of a flotilla) through a
system lock. Flotillas are composed of commercial tows with barges, government owned vessels,
private recreation vessels, light boats (commercial tows without barges), and commercial
passenger vessels. These transactions are termed lock operations and each individual record in
the Traffic Table is assigned a unique operations ID by the Corps OMNI system. Many flotillas
have multiple operations ID’s associated with a single lock passage as the lockage of many
commercial tows requires multiple cuts to complete the transit of the tow through a lock. In
contrast, other transactions in the Traffic Table represent the simultaneous passage of multiple
vessels through the lock in a single lock operation when the flotilla is composed of multiple
recreation craft or multiple light boats processed in a single lockage. Each database record in the
Traffic Table contains numerous fields of information regarding the lock, the flotilla associated
with the lock operation, and the detailed timing data associated with the lock operation. The
important fields in each Traffic Table record are listed in Table 3 and the asterisks associated
with the fields listed in Table 3 indicate data fields that are used to construct the simulation
model input database.



Table 3. OMNI traffic table details

EROC A code indicating the Corps of Engineers District in which the lock is
located.

RIVER_CODE* A code that denotes the river in which the lock is located.

LOCK_NO* The lock identification number assigned by the Corp of Engineers.

CHMBER_NO* A code that describes which lock chamber (if the lock has multiple
chambers) that the vessel used.

OPS _ID* The Operation ID assigned for the transaction at the lock.

LOCKAGE_TYPE*

A code that denotes the lockage type. S (Single Cut), C (Multi-Cut), K
(Knock Out), or V (Jack Knife)

VESSEL_NO*

The unique Coast Guard ID for the powered vessel completing the
lockage.

FLOTILLA_NO*

A number assigned for tow at the each lock associated with the
combination of tow and barges that comprise the fully assembled tow.

SOL_DATE*

The date and time that the lockage began.

ARRIVAL_DATE*

The date and time that the vessel arrived for lockage.

END_OF LOCKAGE*

The date and time that the vessel completed its lockage.

END_OF ENTRY

The date and time that the vessel completed its entry into the lock
chamber.

START OF EXIT

The date and time that the vessel began its exit from the lock chamber.

NUM_OF CMRCL_

The number of commercial passengers in the vessel (if any).

PSSNGRS

ASST_CODE A code that identifies if the vessel was assisted by another vessel
during its lockage.

Flotilla Table

This OMNI database table contains detailed information regarding the vessels in the flotillas
associated with each lock transaction. Unique flotilla numbers are assigned to each vessel or
combination of vessels at each lock transited and associated with both the Flotilla Table and
Traffic Table records corresponding to each lockage. Unfortunately, however, the flotilla
numbers in the original OMNI Traffic Table supplied by the Corps did not correspond with the
flotilla numbers included in the associated Traffic Table. Therefore, the Flotilla Table and the
characteristics of the individual flotillas were unavailable for use in the construction of the
simulation model. Table 4 displays the important data fields contained in the Flotilla Table.
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Table 4. OMNI flotilla table details

PVESSEL_NO Relational field that corresponds with the VESSEL _ID field in the
Traffic Table.

FLOTILLA NO Assigned for each vessel at each lock they transit.

EROC A code for the Corps of Engineers District in which the lock is

located.

FLOT_LENGTH

The length of the flotilla.

FLOT_WIDTH

The width of the flotilla.

FLOT DRAFT FT

The draft of the flotilla in measured to the next lowest foot.

FLOT DRAFT IN

The remainder of the draft of the flotilla measured in inches.

STOP_CODE

A code that indicates whether the vessel made a stop since its last
lockage.

HAZARD_CODE

A code that indicates if there was hazardous cargo present in the
flotilla.

NUM_LOADED BRG

The number of loaded barges in the flotilla.

NUM_OF EMPTY BRG

The number of empty barges in the flotilla.

NEW_FLOTILLA_NO

A code that indicates if this is a new flotilla number assigned to a
portion of a tow in lockage.

Vessel Table

This OMNI database table contains detailed information regarding the physical characteristics of
towboats and other vessels associated with the records in the Traffic Table. Information
regarding vessel ownership, vessel type and the vessel horsepower are included in this database
table. Table 5 below displays the important data fields contained in the Vessel Table.

Table 5. OMNI vessel table details

VESSEL_NO*

The unigque Coast Guard assigned vessel number for the towboat.

EROC

A code for the Corps of Engineers District in which the lock is

located.

VESSEL_TYPE*

It can be T (Tow Boat), P (Commercial Passenger), G (Government
Boat), or R (Recreational).

VESSEL_NAME

The registered name of the vessel.

VSL FOREIGN FLAG

An indicator to denote that the vessel has a foreign flag.

VESSEL_OWNER

The registered 