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PREFACE

The study reported herein was performed by the U. S. Army Engineer
Waterways Experiment Station (WES), CE, for the U. S. Army Engineer
District, Huntington (ORH). Computerized simulation models and hand-
computational techniques were used to determine the capability of the
Gallipolis Locks to serve future traffic levels by applying alternative
operating policies and/or making relatively minor structural improve-
ments. All of the currently proposed alternative means for increasing
the efficiency of locking operations at the existing Gallipolis Locks
are addressed in this report. ORH provided essential prototype data and
assistance in analyzing and reducing these data.

The investigation was conducted by Dr. L. L. Daggett and Mr. R. W.
McCarley of the Mathematical Hydraulics Division (MHD), under the gen-
eral supervision of Mr. H. B. Simmons, Chief of the Hydraulics Labora-
tory, and Mr. M. B. Boyd, Chief of the MHD. The report was prepared by
Mr. McCarley with technical guidance and input from Dr. Daggett.

Mr. Thomas D. Ankeny, MHD, made minor modifications to the computerized
lock simulation model used in this study and provided technical assis-
tance in calibrating the models and interpreting model output. The in-
vestigation was coordinated with pertinent ORH personnel, who provided
special assistance and consultation throughout its duration. Acknowl-
edgment is made especially to Messrs. Alan Elberfeld, Ron Mead, David
Weekly, and Ed Stone of ORH for their cooperation and assistance at
various times throughout the investigation.

Director of WES during this investigation and the preparation and
publication of this report was COL John L. Cannon, CE. Technical

Director was Mr. Fred R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-
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CAPACITY STUDIES OF GALLIPOLIS LOCKS,
OHIO RIVER, WEST VIRGINIA

PART I: INTRODUCTION

Background

1. The Gallipolis Locks and Dam are located at mile 279.2 on the
Ohio River with both chambers on the Mason County, West Virginia, side
near Hogsett and across the river from Gallia County, Ohio, near Eureka.
The locking facilities include a 360- by 110-ft* auxiliary chamber and
the only remaining 600- by 110-ft main chamber in a system of 1200-ft-
long lock chambers on the Ohio River, beginning with the New Cumberland
Locks and Dam at mile 54.4 and continuing almost to the junction with
the Mississippi River at Locks and Dam 50 and 51. Locks and Dam 50 and
51 are scheduled to be replaced by the 1200-ft Smithland Locks and Dam,
which is currently under construction, and except for three to four
months each year, river stages at Locks and Dam 53 are high enough for
traffic to pass unrestricted over the navigable section of the dam. As
a result of increasing traffic and tow sizes, the Gallipolis Locks and
Dam have become a serious bottleneck to vessel movement along one of the
major arteries of the United States inland waterway systems, especially
affecting the movement of coal, a primary energy resource.

2. The data being collected to monitor the operation at Gallipolis
and other locks clearly reveal that the main chamber is more heavily
utilized with each succeeding year and many tows now experience exces-
sive delays. For example, during the 12-month period from October 1975
through September 1976, the average utilization of the main chamber was
82.7 percent; i.e., the main chamber serviced vessels 82.7 percent of
the total available time during this one-year period. Studies of the

theory of queuing at service facilities such as locks generally confirm

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 5.

( PRECEDING PAGE BLANK-NOT FIIMED
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the fact that when utilization exceeds more than 70 to 75 percent, the
average delay encountered by users increases at a very rapid rate with
increases in traffic. High utilization of the Gallipolis Lock is caused
in part by the many large tows (greater than 600 ft in length) traveling
on the Ohio River as a result of the predominant 1200-ft locks and the
more economical operation of such large tows. Specifically, 74.5 per-
cent of the tows processed by the main chamber during the above-
mentioned 12-month period were large enough to require a double lockage.
A double lockage requires considerably micre time than two single lock-
ages since these large tows must break into two components, one powered
and one unpowered unit, to transit the 600-ft-long chamber. _The average
time for processing all tows during the 12-month period was 1 hr 23 min,
whereas the double lockage size tows required an average processing time
of 1 hr and 47 min each. This compares with an average single lockage
time of slightly less than 34 min for tows that entered the chamber
ready to lock without re-formation of the tow. The resulting long
queues caused the delay of 73 percent of the tows passing during the
period March through September 1976.

3. The existing Gallipolis Locks have also been a source of navi-
gation problems because of their location on an inside bend, the orien-
tation for approach channels, velocity currents in the river, and the
design of the approach walls. At times the entry of downbound tows into
the lock is made particularly hazardous by the river currents that pull
tows toward the gates of the dam during periods of high flows. The un-
safe conditions in the upper approach therefore prolong tow entries and
exits and often require extra lockmen to assist entering tows by han-
dling ropes attached to the bow of the tow.

4. Certain factors discourage the use of the 360- by 110-ft auxil-
iary chamber by most tows. At present, the auxiliary chamber is pri-
marily used by small tows, light boats, and pleasure craft. Multiple
lockage tows would require as many as six lockages in the auxiliary
chamber, whereas the same tow could transit the main chamber as a double
lockage. The processing of multiple lockage tows through the auxiliary

chamber can also create unsafe approach and exit conditions for other




tows using the main chamber. In addition to its small size, the lack of
adequate guide walls or guard walls to assist tows while they enter the
auxiliary chamber and recouple after lockage has contributed to the low
utilization of this facility. The Performance Monitoring System (PMS)
data indicated that the auxiliary chamber was utilized only about

16 percent of the time during a 12-month period.

5. The commodity tonnages passing through Gallipolis Locks are
predicted to increase steadily through 1985. Detailed commodity growth
projection studies have been completed through the year 1981 only.
These studies predict traffic tonnages through Gallipolis Locks to be
about 52.8 million tons in 1980, a 43 percent increase from the
36.9 million tons reported in 1976. The traffic volume could reach
over 63 million tons by 1985, but such figures are currently based on
the extension of growth histories and the projection studies completed
through 1981. The number of tows and barges required to transport ton-
nages of such volumes could very well exceed the locking capacity of the
current facilities.

6. Based on this and other evidence, the U. S. Army Engineer
Waterways Experiment Station (WES), CE, was requested to initiate a
study to determine the capacity of the existing Gallipolis Locks and to
consider means for improving locking efficiency. These studies provide
essential knowledge required in planning for the proper expansion of

locking capabilities at Gallipolis Locks and Dam to meet the future

demands of waterborne traffic.

Objectives

7. The study's primary objective was determination of the capacity
of the existing Gallipolis Locks, considering both operational and minor
structural changes that could improve locking efficiency. A wide range
of potential improvements was available for consideration, varying from
simple policy changes that would yield only small improvements in lock-
ing efficiency to improvements that would require capital investments

and/or operating expenditures with anticipated large improvements in




operating efficiency. All potential improvements were aimed at one or

more of the following:

a. Increasing the degree to which the lock chamber is filled
with tows and other vessels for each lockage.

b. Decreasing the time the lock is waiting for tows to enter
or exit, yielding greater utilization of the auxiliary

chamber.

c. Allowing optimum operation of the filling and emptying
system.

d. Decreasing the time lost due to double locka :; e.g., the

Ready-to-Serve operating policy to be explained later
eliminates all double lockages.

ScoRe

8. The scope of this study, which includes a comparative analysis
of proposed alternative means for increasing locking efficiency at
Gallipolis Locks, was discussed and agreed upon during meetings held at
the U. S. Army Engineer District, Huntington (ORH), and Office, Chief of
Engineers, in September 1976. A computerized waterway simulation model
was used as the primary tool for determining the tonnage capacity of the
locks and expected delays associated with alternative operating policies
and projected increases in waterway traffic. Certain minor modifica-
tions to the model were necessary to include interferences with the
movement of traffic caused by entering and exiting tows occupying the
entire approach channel. Projected tonnage levels through the year 1985
were provided by ORH.

9. The following four alternative operating policies were simu-
lated directly by the model to determine their respective effects on the
capacity of Gallipolis Locks and Dam and the expected delays should such
policies be implemented:

First In-First Out (FIFO) Unrestricted
1 Up-1 Down (1U1D) Unrestricted

3 Up-3 Down (3U3D) Unrestricted

FIFO Ready-to-Serve

e o o |»

These operating policies are discussed in detail later in this report.

10




10. This investigation also includes an analysis of the benefits
of switchboat operations, coupled with minor structural modifications
and additions, such as the construction of additional mooring cells.
Simulation model runs were made for switchboat operations in the upper
pool only and also for switchboat operations in both the upper and lower
pools. Comparison studies considered the effects of using switchboats
in the upper pool and extending the center guard wall in the lower pool
so tows could recouple on it while the lock is turned back to process
another tow. An analysis was also made of a proposal to use switchboats
in the upper pool and extend the lower landward guide wall so that tows
could recouple there rather than inside the main chamber. Extension of
the lower guide wall rather than the lower center guard wall, however,
would cause tows recoupling there to block the entry and exit of other
tows using the auxiliary chamber.

11. The study includes an evaluation of the effects of approach
channel interference caused by entering/exiting vessels and unpowered
tow sections secured to the guide walls during double lockage opera-
tions, and the impact on lock capacity of scheduling tows for use of the
main and auxiliary chambers to minimize this interference. The scope
also includes an analysis of PMS data to determine the effects of dredg-
ing in the lower pool, high versus normal flows at the locks, and ade-

quate clearance by tows of the lock's water intake and outlet areas.

Approach

12. The approach to making the subject study was similar in part
to that reported in WES Miscellaneous Paper H-77—1.1 In general, a
simulation modeling approach based on the TOWGEN/WATSIM (tow generator/
waterway simulator) model package was used to generate delay, tonnage
level, and utilization functional relations that can be used to deter-
mine capacity and economic benefits. The modeling 1nvolved only the
Gallipolis Locks and the upper and lower pool areas. The available PMS
data were the basic source of model input data with additional data

furnished by the sponsor when requested. Fleet characteristics and

11




commodity/equipment relations were derived from the PMS data. An anal-
ysis of time variations of the commodity movement did not reveal any
significant seasonal variations. Locking component (entry, chamber
processing, exit, etc.) times were also obtained from PMS data. The
current fleet characteristics were used as the basis for most of the
analysis on the assumption that most tows are now made up in the most
efficient barge configuration for transiting the Ohio River system of
1200-ft locks. This assumption is supported by the large number of
double lockage size tows, nearly 75 percent, passing through the main
chamber. Output from the simulation model runs were plotted to depict
the increases in delay times with increased tonnages, and increases in
tonnage and delays with increased lock utilization.

13. The approach to the accomplishment of this study's multi-
objective scope also included the use of simple hand-computational and
graphical techniques to analyze some of the proposed alternatives pres-
ently not within the scope of the simulation model. In addition, se-
lected portions of the PMS data were processed using a computer to study
lockage times of tows under varying conditions at the lock, e.g., lock-

ages during periods of high water versus those during low flows.

12
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PART II1: THE TOWGEN/WATSIM MODEL

Brief Description of the Simulation
Model: TOWGEN/WATSIM

14. The basic simulation model used in the Gallipolis Locks and
Dam capacity study was originally developed for the Corps of Engineers
by Pennsylvania State University and extensively modified and expanded
by WES during the past several years. The model is described in detail
in an unpublished WES report,z a copy of which may be borrowed for offi-
cial purposes from the WES Mathematical Hydraulics Division. Further
information on the use of this model for determining the capacity of
locks is given in WES Miscellaneous Paper H—7S-9,3 presented at the
First International Waterborne Transportation Conference in October
1975.

15. The model consists of two separate computer programs called
TOWGEN and WATSIM. A brief description of how these'programs simulate
traffic movement along a waterway and through locks is given in Refer-
ence 1, but is repeated here for the reader's convenience.

16. TOWGEN is a tow generation program that combines the commodity
movement pattern and the tow equipment and flotilla description to de-
velop a randomly generated list of simulated tows to'be moved through
the waterway system or lock being tested. This tow list contains a de-
scription of the characteristics of each tow, the origin and destination
of each movement, and the time of entry into the system. The tows are
generated so that all the commodity movements required are started dur-
ing the simulated time period. The tows are generated in such a manner
as to assure that a balance of equipment exists throughout the system;
i.e., empty barges are moved to locations where they are required for
the movement of goods.

17. Through the use of TOWGEN, the towing industry's requirements
or demands for use of the waterway being analyzed may be developed for
input to the waterway simulator, WATSIM. WATSIM reads the list of tows

generated by TOWGEN and inserts the simulated tows at the appropriate

13
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time into the traffic flow at their points of origin along the waterway.
WATSIM then moves each tow from its originating point to its destination
in a series of steps covering each segment of the simulated waterway.

As each tow is moved, statistics concerning the trip and the waterway
facilities used are accumulated. These statistics provide a measure of
the waterway's effectiveness in handling the traffic demands placed upon
it and the time required to transit the waterway between various points.
This transit time may then be translated into the cost of transport by
application of tow operating costs per unit of time.

18. The simulation process used by WATSIM is called event model-
ing. The various activities required to accomplish the task being
modeled are represented by a series of events. Because the time to
accomplish these events, and hence the entire task, is the critical
parameter, each event is represented by WATSIM as a period of elapsed
time. These times are stochastic, not deterministic, and are described
by frequency distributions and functional representations. The modeling
process thus involves the logical combination of the events required to
move a tow from its origin to its destination, accounting for the inter-
action of the tows at commonly shared facilities.

19. Simulation modeling uses simplified representations of the
real-world activities involved in the modeled situation. The degree of
simplification allowed in the description of any event depends upon the
purpose of the simulation and significance of that event to the process
being simulated. WATSIM has been primarily used in the past to evaluate
lock replacement or expansion requirements and scheduling; therefore the

modeling of these events is quite detailed and well developed.

WATSIM Modifications

20. The WATSIM program was modified for specific application to
the Gallipolis Locks and Dam study. Since the entrance conditions of
the lock are such that entering vessels must occupy the entire approach
channel, the program had to be expanded to include the resulting inter-

ference to lock operations in the computational logic. Before

14




modification, the latest WATSIM version simulated the operations at two
chamber locks such that tows using either chamber were not concerned
with whether another tow was using the approach channel to enter or exit
the adjacent chamber. The program was reviewed and modified to consider
interferences between tows.

21. As described in Reference 1, modifications were also made to
the WATSIM program during the Winfield Locks and Dam capacity study to
enable the printing of all model output required for capacity analysis
on one table (Table 13, Composite Lock Statistics) and to more accu-
rately compute the utilization of the lock chambers. The data in the
new Table 13 (Figure 1) now includes the total time (in minutes) during
which interference between entering and exiting tows occurred in the
approach channels from the beginning of the simulation to the sample
period time. Also shown is the number of tows delayed due to the inter-
ference. Delay times due to interference from entering and exiting tows
in the approach channel were generally insignificant compared with the
total simulated delay times experienced in future years.

22. Other data contained in Table 13 are self-explanatory. As
shown in Figure 1, the upper portion of the table presents useful data
for each chamber, and the lower portion displays other important data
for both chambers combined. The Run Identification Number shown in the
upper left corner of Table 13 ("OOO8MO1GFR88'' in Figure 1), which is
explained in Appendix A, simulation time (47,520 min from time zero in
the figure), and the number of chambers and locks (2 and 1, respec-
tively, as shown) are included as header information on each printed
page. All output contained in the printed table is also written to a
file at the central computer site. The program is designed to store the
data produced for each intermediate output simulation time (every 4,320
min for a total of 10 output sets). Such files are readily available
for use by post-WATSIM processing programs to provide data for various
analyses. A short program is used to punch these data on cards so that
the files at the central computer site can be purged for use by others.
The first simulation period of 4,320 min is a warm-up period to allow

the model to achieve steady state conditions before usable sample data

15
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is produced. Statistics on tows processed by the model during this

period are not retained on file for analysis.

Computer Facilities Used

23. The CDC 6600 computer facilities located at the U. S. Army
Mobility Engineering Research and Development Center (MERDC),
Ft. Belvoir, Virginia, were used to make all simulation runs. Access
to this computer system was made through the COPE 1200 terminal located
at WES.
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PART III: ANALYSIS OF GALLIPOLIS LOCKAGE DATA

general

24. One of the major efforts in the Gallipolis Locks capacity
study involves the application of the available TOWGEN/WATSIM simulation
model described earlier to analyze the impact of various potential lock
operating policies at various projected traffic volumes. The first step
in such a study is to develop the required input data for the simulation
model and to verify that the simulation model will reproduce the ob-
served occurrences at the locks.

25. The prototype data collected under the PMS program during the
months of October and December 1975 were used to develop the input data
for the model. The December 1975 data were used primarily to analyze
the physical characteristics of tows serviced by Gallipolis, commodity
types and quantities, and directional movements. Lockage component time
distributions were based on the October 1975 data, which had been pro-
cessed and listed in a more usable format than the December data. The
December data were available at an earlier date than the processed
October data and therefore were utilized to prevent delay of the study.
A comparison of the data for these two months was made to determine if
there was a significant difference in any of the parameters reported.
The results of this analysis, reported in Appendix B, revealed no sig-

nificant differences in the lockage data.

Description of the PMS Data Used

26. As mentioned above, the December 1975 Gallipolis lockage data,
available when work on this project began, were analyzed first. These
data consisted of a line item for each tow, sorted first by the recorded
barge type (R, J, I, etc.), then by number of barges in each tow. In
addition to the data on which the sorting was keyed, the December data
also included the following:

a. Assigned vessel number
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Horsepower

Commodity code

Tonnage by barge type and commodity
Computed average barge loading
Computed average barge length
Lockage type

Flotilla length and width

Direction of travel

Lalll gl Bl B B

27. The October 1975 PMS data used to determine the lockage compo-
nent time distributions were formatted and sorted especially for this
purpose. The time each tow required to perform some lockage function,
e.g., enter chamber or exit, was computed, and all times for a given
lockage component were listed in increasing order to establish frequency

distributions.

Determination of Predominant Barge Types Using Gallipolis

28. The computed average barge loadings and lengths in the
Gallipolis data, not available for the Winfield capacity study, proved
very helpful by reducing hand calculations and providing a readily
available check for use in classifying barge types. However, all of the
December data could not be immediately sorted and accumulated because of
the absence of towboat lengths. After these lengths were obtained from
the U. S. Coast Guard, the barge types recorded as Regular (R) and Jumbo
(J) barges were spot-checked by computing average barge lengths, and the
average integrated barge lengths were determined by hand calculations.

29. The lock operators classified several of the barges as Tanker-
(T) type barges. This was probably an invalid classification since, by
definition, T-type barges are self-propelled tankers, normally not found
on the innermost parts of the inland waterway system. Accordingly, the
T-type barges were simply reclassified as Integrated- (I) type barges.
In addition, a small number of barges were recorded as Super Jumbo (S).
Again, this was probably an incorrect classification since the PMS cri-

teria established S-type barges as 40-ft wide. Since the width of these
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barges did not compute to be 40 ft, such barges were reclassified as
I-type barges also.

30. The physical makeup of tows using Gallipolis is complex. Of
the approximately 496 tows passing through the lock in December 1975,
122 of them were pushing more than one barge type. This is referred to
as "a mixed barge tow'" and each one was classified into one of the se-
lected tow type categories where possible. This was usually based on
the predominant barge type within the flotilla. I-type barges were also
difficult to categorize because of the wide variety of sizes. An aver-
age integrated barge size had to be determined for each tow pushing this
type of barge. These barges were then grouped by average length and
where significant tonnages were involved, identified as to whether the

commodity being transported was petroleum or chemical. The empty tows

were also classified as either chemical or petroleum by consideration of
the predominant commodity transported by each individual pusher boat.
31. After analysis of the results of the work described above,
nine predominant barge types were established for Gallipolis, as shown
in Figure 2. Based on the analysis and classification of the mixed !

barge tows, 359 of the 496 tows locked during December "975 were

Barge Type Description
R BULK 175' x 26' Open & Covered Hopper
J BULK 195' x 35' Open & Covered Hopper
J TANK 195' x 35' Tanker
I 150 150' x 52' Integrated Petroleum & Chemical Barges
IP 200 200" x 52" Integrated Petroleum
IC 200 200" x 52' Integrated Chemical Barges
IP 250 250" x 54' Integrated Petroleum Barges
1G 250 250" x 54' Integrated Chemical Barges
I 300 300" x 54' Integrated Petroleum & Chemical Barges

Figure 2. Predominant Gallipolis barge types (average
dimensions indicated for I-type barges; approximate
dimensions for other barge types)
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transporting either all or predominantly R- and J-type barges. The

remaining tows were placed into one of the six I-barge categories.

Current Lockage Types at Gallipolis Locks and Dam

32. The lockage types--single, double, setover, etc.--for tows of
various sizes and types were next determined. Eight standard tow types
were established, one for each different barge type, with the exception
of J BULK and J TANK barges, which are included in the same tow type
since they are of the same length and are quite often mixed. Informa-
tion on how the tows were configured as they approached the lock was
obtained from the December lockage data for each tow type and for the
different size tows within the tow types. Using this knowledge, coupled
with the lock chamber sizes of 600 by 110 ft and 360 by 110 ft, the
lockage types normally expected were determined as shown in Table 1.

As indicated in Table 1, expected lockage types for the eight standard
tow types ranged from multiple tows to as high as six cuts if some of
the large tows used the auxiliary chamber. However, the WATSIM model
input data was formulated to discourage such large tows from using the
small chamber. This was accomplished by assigning large ''penalty times"
to the estimated lockage times for tows requiring more than a single
lockage in the auxiliary chamber, thereby inducing these tows to select
the main chamber for lockage as they presently do. The multiple lockage
types shown in Table 1 indicate that some tows would be small enough for
more than one to be locked together in a single chamber operation. The
pusher lengths shown are average representative lengths for establishing

standard overall flotilla lengths.

Tow Size/Horsepower Frequency Distribution (Tow Codes)

33. The tow size/horsepower frequency distributions, referred to
in the simulation procedure as ''tow codes,' are presented in Table 2
for each of the eight tow types. These codes are produced by a program,

UTILITY I, for direct input to TOWGEN and WATSIM. The numbers in the
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body of Table 2 under the horsepower ranges indicate the percentage of
the total tows of each type having a specific horsepower and number of
barges. For a capacity study of only one lock facility (such as
Gallipolis Locks and Dam), the TOWGEN model uses this information to
generate the proper number of tows of the various sizes within each tow
type and WATSIM uses the tow type and tow size information to determine
the proper lockage type--single, double, setover, knockout, etc. The
horsepower data would be required only for navigation systems studies
involving two or more locks and tow travel between them. As indicated
earlier, the mixed barge tows were classified according to the predomi-
nant barge type and included in the counts. When no dominant barge type
was present in a mixed barge tow, that tow could not be included in the
counts.

34. The tow codes shown in Table 2 are based on the December 1975
PMS data taken at Gallipolis but the percentages are not exactly as re-
ported in all cases. Some minor adjustments were made to the percent-
ages in order to calibrate the WATSIM model more precisely. The tow
codes shown in Table 2 were used to obtain the best calibration run

results.

Detailed Barge and Commodity Data

35. Additional statistics were accumulated to determine the load
characteristics of the nine predominant barge types. Each commodity
type passing through Gallipolis Locks and Dam had to be assigned to one
of the nine barge types. As shown in Table 3, the number of barges and
the tonnages carried by each barge type are given for each commodity.
PMS commodity codes were used to indicate commodity types (see Appendix
D). Total barges and commodity tonnages are shown for each barge type,
and the grand total tonnage for the month of December 1975 is given in
the lower right corner of the table. In addition, the average load per
barge for each barge type, as required for input to the model, is given
at the bottom of the table.

36. Table 4 presents a summary of the barge types that moved the
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six main commodity groups through Gallipolis. The left portion of the
table (first 3 columns) shows each commodity group broken down by PMS
commodity code and the barge types that transported each commodity. The
last four columns consolidate the commodity tonnages by barge type and
indicate the percent of each commodity group transported by each barge
type.

37. To aid in the accurate calibration of the simulation model,
the directional movement of commodities during the month of December
1975 was determined as shown in Table 5. These data were obtained by
tabulating the commodity type and tons by direction (up or down) for
each loaded tow. These data revealed that the commodity movements were
predominantly upbound, as indicated by the percentages given in the

three columns on the right in Table 5.

Tow Processing Times at Gallipolis Locks and Dam

38. The data obtained from an analysis of the October 1975 tow
processing times reported in PMS are summarized in Table 6. The average
lockage component times and frequencies of occurrence are given for the
main chamber on the first page, immediately followed by the same data
for the auxiliary chamber on the next page. Brief comments concerning
the lockage components listed in Table 6 follow.

Single lockages, up and down

39. Each tow requiring only one standard lockage (filling or emp-
tying of the lock chamber once) with no reconfiguration of the tow was
placed into this category and separated by the tow's travel direction
(up or down). The percent of single lockages occurring in the main and
auxiliary chamber was about 13 and 24 percent, respectively.

Double and double knock-
out lockages, up and down

40. This category accounted for 76 percent of the lockages in the
main chamber and 21 percent in the auxiliary. A double lockage is the
lockage of a tow larger than the lock via two distinct chamber opera-

tions. A double knockout i: required when one cut of a double lockage
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must be a knockout type lockage to permit passage of the tow in only two

lockages.

Triple or over standard,
knockout, setover, and jack-
knife lcckages, up and down

41. No lockages of these types presently occur at Gallipolis. An
assumption made at the outset of this study was that the fleet's current
physical characteristics would remain constant in future years. This
assumption is considered valid since many tows are now configured for
transit of the predominant 1200-ft locks on the Ohio River. Though
lockages of this type are not expected in the main chamber, a single
approximated time for each direction is indicated for the auxiliary
chamber since such lockages would be expected to occur in that chamber
with increasing traffic in future years.

Single knockout and set-
over lockages, up and down

42. Only 11 percent of the October 1975 lockages in the main
chamber were of these types; however, over 32 percent of the auxiliary
chamber lockages were knockouts and setovers. A knockout lockage is a
lockage where the towboat alone is separated from its barges to be re-
positioned in the lock for service. A setover lockage occurs when a
towboat and one or more of its barges are separated from the remaining
barges to be reposicioned in the lock for service.

Fly and exchange
entries, up and down

43. The type of entry made by each tow is indicated in the PMS
printout as a fly, exchange, or turnback approach. The fly and exchange
type entries were grouped together since both are considered to be long
entries, i.e., entries that involve transit of the approach channel.

Turnback entries, up and down

44. Such entry types were grouped separately because of the
shorter entry times normally involved. A turnback entry occurs when
two vessels traveling in the same direction are locked sequentially,

allowing the second tow to maneuver close to the lock entry gates
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while the first tow is being serviced. Thus, the second tow can nor-
mally position itself to make a turnback (or short) entry.

Exits, up and down

45. Only the exit times of single lockage tows were compiled since
the WATSIM-defined exit times of tows that required other lockage types
could not be computed using the PMS data. The PMS exit times for these
other lockage types include the time for recoupling the tow for transit
in the river. The use of single lockage tow exit times is considered to
be a valid alternative since almost all normal exit times are relatively
short, regardless of tow size or horsepower.

Turnback (or swing-around)

46. Average times required to fill or to empty the lock and their

frequencies of occurrence were determined for each chamber.

Open pass lockages, short and
long, and tow break and remake

47. These lockage components are not applicable at this time to
the Gallipolis capacity study.

Multiple entries, up and down

48. This involves the entry time required by two or more rela-
tively small tows that are to be processed in a single lock operation.
Because of the lack of data, fly and exchange entry times were used to
approximate multiple tow entry times. This should have no effect on
the model results since multiple tow lockages occur very infrequently
at Gallipolis.

Multiple tow lockages, up and down

49. Again, since no data were available, standard single lockage

times and distributions were employed for modeling purposes in lieu of

actual multiple tow lockage times.

Multiple exits, up and down

50. Single lockage tow exit times were used for this data element

also.

Grouping of Lockage Component Times

51. The lockage component times, computed using the PMS data, were
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placed in groups according to their magnitude, the average of each time
group computed, and a frequency distribution developed. From these

data, the frequency of occurrence was computed on a percentage basis as
shown in Table 6. Further definitions of the lockage components listed

above are given in Appendix C.
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PART IV: TOWGEN/WATSIM MODEL CALIBRATION
General

52. This part of the report discusses the calibration of the com-
puterized simulation model (TOWGEN/WATSIM IV) for use in the Gallipolis
Locks and Dam capacity study. Based on a comparison with the extensive
lockage statistics now available through the PMS, the model very closely
reproduces observed lockage operations at Gallipolis. The statistical
parameters of significance used in comparing the simulation model output
with the prototype data provided by PMS are presented in Table 7 for
both chambers as a single facility and for each separate chamber in
Table 8. PMS data from the following two sample periods were selected
for comparison with model output:

a. December 1975

b. Four-month average for the months of October 1975 and

January, April, and July 1976

The above particular four months were chosen to provide a means of con-
sidering the slight effects of seasonal traffic variations. As ex-
plained in Part I1I, the model input data used in these verification
tests were derived from both October and December 1975 PMS data (see
Appendix B).

53. All simulation runs made during model calibration were
based on a time period of 30 days and as indicated in Tables 7 and 8,
the results were adjusted for comparison with the 31-day month of
December. The 1 Up-1 Down lock operating rule was used in the model
to coincide with current Gallipolis policies during periods of high
utilization.

Adjustments to Input Data During Model Calibration Runs

54. The results of each calibration run were carefully compared

with the prototype data and appropriate adjustments made to the model
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input data in UTILITY 1,* TOWGEN, and WATSIM in an attempt to match
all statistical me: 2s of the historical operations at Gallipolis.
In general, the following significant adjustments to the input data ob-
tained at the lock during December 1975 were made in order to calibrate

the model.

UTILITY 1

55. This program generates the tow codes for use in TOWGEN and
WATSIM, as explained in paragraph 30. The tow codes were slightly ad-
justed for R- and J-type tows only in order to permit the model to more
closely reproduce for each chamber the actual mix of the three different
lockage types--singles, doubles, and setovers/knockouts. Similar ad-
justments to UTILITY 1 input data were required to calibrate the model
for use in the Winfield study and are not uncommon due to the large
number of mixed tows (the occurrence of different type and size barges
in a particular tow) that are not specifically considered by the pro-
gram logic. Thus, the size distribution of tows pushing R and J barges
had to be adjusted to better represent the number of mixed tows. This
brought the computed ratios of lockage types occurring in each chamber
into closer agreement with the observed ratios.

TOWGEN

56. No changes to the basic TOWGEN input data derived from PMS
were made during the model calibration efforts. Actual December 1975
average barge loadings for each barge type were used. The percent of
each commodity tonnage transported by each barge type was directly in-
put as obtained from the prototype data. The directional movements of
the six commodity types were also input in exactly the same tonnage
quantities reported for December 1975. The dedicated equipment per-
centages were adjusted for the R- and J-type barges only. All other
barge types were assumed to be 100 percent dedicated. This was done

to reproduce the correct ratio of empty barges.

* UTILITY 1 is designed to accept as input tow characteristic frequency
tables and produce as output a tow code deck or file for use in TOWGEN
and WATSIM.




WATSIM

S7. The auxiliary chamber penalty times for selected lockage types
were varied in several runs so that the use of the two chambers by vari-
ous size tows could be more closely reproduced. A relatively large pen-
alty time was placed on double-type lockages in the auxiliary chamber
because the prototype data indicated that only a very few actually oc-
curred in this chamber. A small penalty was placed on singles because
of the reported low utilization of the auxiliary chamber. No penalties
were imposed on the use of the main chamber. Actual lockage component
times, in frequency distribution formats, were used without modification

in all model calibration runs.

Effects of Light Boat Traffic

58. The TOWGEN/WATSIM model is designed to simulate commercial tow
traffic on waterways and through locks, but does not consider the move-
ment of light boats such as passenger craft, recreational vessels, and
towboats without barges. An analysis of PMS data indicates that small
craft traffic through the Gallipolis Locks is relatively light. For
example, utilization of the locks by light boats was determined to be
0.6 percent during December 1975, and almost all of the traffic was pro-
cessed by the auxiliary chamber. The percent of utilization of the aux-
iliary chamber was therefore reduced by this small amount, as indicated
in Tables 7 and 8, for comparing the simulated utilization with a cor-
responding level of prototype utilization.

59. A more extensive analysis of light boat traffic at Gallipolis
is presented in Table 9. As shown, monthly light boat traffic through-
out the period October 1975 through September 1976 accounted for an
average of only about 2.1 percent of the available time. Most of the
time spent locking light boats in such small numbers would have been
during slack periods or in conjunction with tow lockage activities.
Light boats should therefore be able to continue locking through the
auxiliary chamber without creating additional undue delays for com-

mercial tows. Based on this analysis, the Gallipolis Locks capacity
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levels determined by the simulation model were not reduced to allow for

time spent in locking small boats.

Summary of Calibration Results

60. Tables 7 and 8 indicate that the final calibration run results
and the corresponding prototype data compare very closely with each
other in almost every case. The total number of tows passing through
the lockage facility during the sampling period is reproduced within
2 percent by the model. The tonnage locked through is reproduced within
1.6 percent of the actual December 1975 total tonnage and within 6.5
percent of the four-month average, with its inherent seasonal varia-
tions. The ratio of the three lockage types analyzed and the ratios of
empty to loaded barges also compare favorably in both of the cases shown
in Table 7.

61. Table 8 is a comparison of simulation model results and De-
cember prototype data by chamber. The model automatically assigns each
approaching tow to one of the two chambers by considering the expected
time for completion of each lockage, accounting for the vessels in queue
and chamber penalty times, if any, as primary criteria for chamber se-
lection. Since the model internally controls the assignment of tows to
the two chambers, the differences between the model's output and the
corresponding December data are not considered to be too great. All
comparative statistics are within 9 percent of each other, except the
percentage of singles in the auxiliary chamber, which deviates from the
actual by about 15 percent. This should not adversely affect lock ca-
pacity determinations because only a small percentage of the tows lock-
ing through Gallipolis are included in this category. All comparative
statistics for the main chamber, the most important by far of the two

chambers, match each other almost exactly.

Simulated Versus Actual Average Delay Times

62. One noteworthy finding made during the calibration efforts
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involved the large difference between the average delay time reported

by the model and the actual average delay time for December 1975. A
number of additional calibration runs were made in an attempt to in-
crease the simulated delay time to 147 min--the average delay as com-
puted by PMS for December 1975--without significantly altering the other
statistics. This, however, proved to be a frustrating exercise since
any improvement in the average delay time reported by the model always
resulted in undesirable changes to other key parameters such as lockage
type ratios, percent utilization for one or both chambers, or tonnage
levels.

63. An analysis of the PMS data over the period October 1975
through September 1976 revealed that a change in the policy for record-
ing arrival times had occurred after February 1976. During the period
October 1975 through February 1976, all tows had a recorded delay even
if the approach was a fly type, but a fly approach indicates that no
other tows are awaiting lockage and therefore no delays should have
occurred. After February 1976, only 73 percent of all tows passing were
delayed with a corresponding reduction in average delay times. The sim-
ulation model indicated that for all tows passing, 68 percent were ac-
tually delayed and the average delay for all tows was 110 min. This
compares favorably with those values when the arrival times were re-

corded properly after February 1976.
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PART V: CAPACITY DETERMINATIONS THROUGH
SIMULATION MODELING

General Method for Determining Capacity

64. Two primary approaches were used to analyze the capacity of
the Gallipolis lockage facilities: increases in delay time and lock
utilization as functions of increased commodity tonnages. Both methods
should yield similar results since the delays increase rapidly as lock
utilization approaches 100 percent. Tow delay times reflect the eco-
nomic costs to shippers and are indicative of both economic and physical
capacity constraints. Lock utilization values are more indicative of
the approach to physical capacity. Such studies give a good indication
of the current lock's capability to handle the projected traffic levels.
For each alternative lock operating policy and for required structural
improvements, if any, the analysis involved plotting the values obtained
from model output, fitting functions, and plotting curves to these data

points using the least-squares method.

Lock Operating Policies Studied

65. The following operating policies, some of which are coupled
with the need for minor structural improvements, were analyzed sepa-
rately to compare the relative merits of each for use at the existing
Gallipolis Locks. i

1 Up-1 Down (1U1D)

66. Tows in queue on each side of the lock are served alternately.
That is, after a tow traveling in a given direction is locked through,
a tow traveling in the opposite direction is next to be locked, thereby
eliminating the time required to reverse the lock. No structural im-
provements are required for this or the 3 Up-3 Down policy.
3 Up-3 Down (3U3D)

67. Three upbound tows are locked consecutively, followed by three

downbound tows, or vice versa. If the queue in the pool from which tows
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are being locked empties prior to reaching the maximum of three vessels,
tows from the other pool are then selected. For this policy, it is as-
sumed that the last two tows in sequence will approach the lock and,
theretfore, their entry will be the turnback (or short) entry type. How-
ever, the lock does have to be reversed without a tow in it each time
two tows traveling in the same direction are locked sequentially.

First Ir-First Out
(FIFO) Unrestricted

68. This simply means that the tows are serviced in the order of
their arrival and that no restriction is placed on their barge configu-
ration (tow makeup) or size as they approach the lock; i.e., no remake
or reconfiguration of the barges is required until after the lockage
process begins.

FIFO Ready-to-Serve

69. This operating policy prohibits the break and recoupling of
the large multicut size tows within or in the vicinity of a lock cham-
ber. Each separate cut of a large tow is assumed to lock immediately
following one another and each is independently powered. Knockout and
setover type lockages are allowed to continue locking in the unre-
stricted manner, i.e., reconfiguring in the lock chamber, as necessary,
to be served. This operating policy would require several switchboats
permanently stationed at the lock to assist in the locking operations
or a "help-the-other-tow'" policy where power units from tows waiting
in queue would assist locking tows.

Switchboat operations
and/or lock wall extensions

70. In this operating condition all tows would be allowed to enter
the lock in their river configuration. Multicut lockage tows would
break apart from their unpowered cuts upon entering the lock chamber and,
following lockage, the unpowered cuts would be pushed by a switchboat to
a mooring area to await the recoupling of any subsequent unpowered cuts,
and finally, the powered cut. Knockout and setover size tows would con-
tinue to break and reconfigure for lockage inside the chamber, but fol-

lowing the chambering process, they would be required to move, either
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under their own power or with the help of a switchboat, to a mooring

area before reconfiguring for river travel. The following alternative °
means of increasing the capacity of the lock through the use of switch-
boats and associated structural improvements were analyzed for the 1U1D,

4 Up-4 Down (4U4D), and FIFO Unrestricted operating policies:

a. Switchboat operations in the upper pool only

b. Switchboat operations in both the upper and lower pools

c. Switchboat operations in the upper pool and an extended
center guard wall in the lower pool

d. Switchboat operations in the upper pool and an extended

landward guide wall in the lower pool

Reduction and Analysis of WATSIM Output

71. At the end of a 47,521 min simulation time, the WATSIM program
prints out cumulative delays, commodity tonnage, the number of tows pro-
cessed and the other data shown in Figure 1. The 47,521 min actually
represent one 30-day month of simulated locking operations since the
tows serviced during a specified 4,321 min warm-up time are not included
in the output. Since the model starts with zero tows to process, a
warm-up period is required to allow ample time for steady state condi-
tions to be established. For each selected tonnage year up until in-
finite queuing occurs, the pertinent data to be plotted were obtained

from Table 13 (similar to Figure 1 in this report) of the respective
WATSIM printouts.

Projected Tonnage Levels

72. The historical and projected tonnage levels used in the simu-
lation runs are shown in Tables 10 and 11. Table 10 presents the pro-
jected tonnages for future years on a monthly basis and reveals that the
traffic is reasonably uniform throughout the year, with slightly higher
tonnages during March and May, and with lower tonnages in July.

Table 11 partitions estimated tonnage movements by commodity group and

34




direction of travel for input to the TOWGEN model. Tonnage projections
through the year 1985 were furnished by the Huntington District; how-
ever, it was necessary to extend the projections through the year 1992
to make simulation model runs of infinite queuing conditions for the
improved operating policies tested. All tonnage projections beyond the
year 1981 were based simply on straight-line extensions of the 1976-1981
trends. Projections through 1981 were based on a detailed economic and
physical analysis of predicted resource demands. There could be concern
by some regarding the validity of the projected tonnages beyond 1981;
however, because of the relatively high expected utilization of the
locks after 1981, only small differences would be recognized in the
WATSIM-computed capacity, regardless of the exact tonnage levels put
into the model. In addition, the inherent limitations involving the
increased use of the auxiliary chamber (e.g., approach channel blockage
caused by operations in the main chamber) would cause tow delays to be
even greater than those indicated for future years by the model output.

73. To generate the proper number of the various tyvpes and sizes
of tows for use in WATSIM, an annual tonnage level for each commodity
was input to each TOWGEN run, together with a '"divisor'" of 10.75 for
converting the annual tonnage levels shown in Table 11 to monthly maxi-
mums. Computation of this divisor was based on the average maximum ton-
nage that passed through the locks during a single month. The output
subsequently obtained from the WATSIM runs therefore represents the most
severe traffic conditions to be expected at the lock during a given
month. As mentioned above, the model assumes that the auxiliary chamber
would continue to be used more and more as traffic increases. However,
the physical design of this two-chamber lock is such that approaching/
exiting tows and unpowered cuts of double lockage on the guide walls of
the main chamber often interfere with operations in the auxiliary cham-
ber. The magnitude of this interference was analyzed and its effects
are discussed later in the report.

74. The predicted increasing tonnage levels were put into the
simulation model until "infinite queuing" occurred. This does not mean

that the queue length was actually infinite but that a preset number of
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waiting tows had been reached. The queue limits set were 50 tows for
the 1U1D, 3U3D, and FIFO Ready-to-Serve policies and 30 tows for the

FIFO Unrestricted. The lock reached very nearly maximum utilization for
the 30-tow queue during the FIFO Unrestricted runs, and thus going to a
longer queue length was not necessary. These queue lengths, though ar-
bitrarily set, were chosen for two reasons. First, either 30 or 50 tows
waiting to be serviced on each side of the lock is considered an impos-
sible situation from a practical standpoint, especially since the aver-
age interarrival time (time between tows arriving at the lock) at that
traffic level is much less than the average service time. Secondly, as
in the prototype, the queues are not static, but build and diminish.
With a more reasonable preset queue limit (say 15 tows), a slight in-
crease in the number of tows in queue might cause premature termination
of a simulation run; i.e., infinite queuing would occur due to an un-
usual series of tow arrivals before the desired high levels of lock
utilization are reached. To avoid such occurrences and to allow very
high lock utilization values and tow delays, two large numbers--30 or
50, depending on the simulated operating policy--were chosen for these

runs.

Interpretation and Use of the Capacity Curves

75. For each alternative lock operating policy the analysis in-
volved plotting the experimentally determined values, fitting functions,
and plotting curves to the data points using the least-squares method.
Using the output from the simulation model, monthly delay versus monthly
tonnage plots were made for the alternative operating policies tested.
The limited data obtained for the 3U3D operating procedure were plot-
ted on the same sheet as the 1UlD policy. These plots (see curves in
PARTS VI and VII) show the expected rate of increase of monthly delays
as tonnages moving through Gallipolis Locks and Dam grow in future
years.

76. The delay versus tonnage curves become asymptotic as tonnage

levels increase. That is, at some point on the delay versus tonnage
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curve, a slight increase in tonnage will cause an extremely large in-
crease in total delay. When this occurs, an unstable condition in the
relationship between delay and tonnage develops, which makes it diffi-
cult to determine a specific delay time associated with a particular
tonnage.

77. The region where the delay versus tonnage level approaches an
asymptotic value of tonnage defines the physical limitation of tonnage
or capacity that can be serviced under given operating conditions (ser-
vice times, lock operating policy, fleet characteristics, and commodity
mix at given tonnage levels). Practical tonnage capacity levels would
fall below this region primarily due to four reasons:

a. At such high lock utilization levels, the total delay
of tows is very sensitive to the specific tow arrival
pattern.

|

Small changes in particular queuing characteristics can
cause dramatic increases in the delay costs incurred by
the towing industry.

ke

No allowance is made in the simulation procedure for
maintenance and accident downtime, nor for utilization
of the locks by recreational craft and workboats.

b

The auxiliary chamber at the existing facility can never
be fully utilized because of the interference caused by
tows using the main chamber.

78. A study of the increase in commodity tonnage and delay time
as a function of lock utilization is another means of analyzing the
capacity of a lock. Tonnage versus utilization is linear in most cases
and once a specific value of utilization is chosen to represent the
capacity level, a specific level of tonnage associated with that utili-
zation can readily be obtained for use in an economic evaluation of both
structural and nonstructural alternative lock improvements. The third
type of curve, delay versus utilization, is provided so that a corre-
sponding total delay time to be expected for any selected utilization
level can also be determined.

79. With the tonnage versus utilization and delay versus utiliza-
tion plots, some of the other variables of lock operation can be consid-

ered by adjusting utilization and obtaining a revised tonnage capacity
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level. This becomes necessary because the simulation model does not
account for all factors involved in the capacity of a lockage facility.
For example, as mentioned above, the simulation model used for this
study considers only the tows with one or more barges. It has no direct
means of introducing workboats, towboats without barges, pleasure craft,
or other relatively small boats into the simulation process. The uti-
lization curves provide a means of subtracting the percentage of lock
utilization attributed to these other users. The Gallipolis Locks, how-
ever, service a relatively small volume of light boat traffic, which as
explained earlier, does not significantly delay the passage of commer-
cial tows at this time, but nevertheless accounts for a small percentage
of lock utilization. Other factors such as downtime due to mechanical
failures, maintenance, and accidents can also be easily considered by

using this type of capacity definition.
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PART VI: CAPACITY OF THE EXISTING GALLIPOLIS LOCKS

Summary of the WATSIM Model Output

80. The data used in determining the capacity of the Gallipolis
Locks were obtained from the final Table 13 (see Figure 1) of each
WATSIM printout. These data corresponded to a simulated period of one
month. The delay times in minutes were converted to hours so that the
reader could better relate to the extremely high total delays indicated
for future years. Table 12 shows the operating policies and years for
which simulation model runs were made. Only three test runs of the
3U3D operating policy were made since results in the out years (1983,
1984, and 1986) indicated greater delays for this policy than for the
1U1D rule. Thus there would be no advantage in using this policy for
the existing locks. The data shown in Table 12 were plotted for each

operating policy as follows:

| &

Monthly delay versus monthly tonnage
b. Monthly tonnage versus percent utilization
c. Monthly delay versus percent utilization
Curves were fitted using the least-squares method and functional rela-

tionships developed as shown on each plot.

1 Up-1 Down and 3 Up-3 Down Operating Policies

81. The capacity curves developed for these two similar operating
policies are shown in Figures 3-5. In Figure 3, the maximum monthly
tonnage would not reach six million tons for this operating policy be-
fore experiencing exorbitant delays. Figure 4 indicates that a lock
utilization of 96.5 percent would be necessary to pass six million tons.
Such a utilization level is physically impossible at this lock facility
primarily because of the problems involved in making full utilization
of the auxiliary chamber and the additional requirements for lockage
services that are not considered by the model. Delays to be expected

at various levels of lock utilization can be obtained from Figure 5.
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82. Only two points were plotted for the 3U3D policy because of
the greater delays and longer queues indicated by the three model runs
made. During the third run of the 3U3D policy, infinite queuing oc-
curred in 1986, but did not occur until 1988 for the 1UID policy. As
a result, further model runs were not made to fill in the bottom of

the curve for the 3U3D policy.

FIFO Unrestricted Operating Policy

83. The results of the WATSIM runs are plotted for the FIFO Un-
restricted operating policy in Figures 6-8. In comparing the monthly
delay versus monthly tonnage curve for 1UID with the corresponding curve
for FIFO Unrestricted, there appears to be no significant difference in
the delays and tonnages of the two. Neither operating policy would
achieve the six million tons per month that the curve appears to be
approaching because of the necessary high utilization levels required
in both chambers. As mentioned earlier, use of the auxiliary chamber

is severely limited by traffic in the main chamber.

Theoretical Maximum Tonnage Capacity of Existing Locks

84. The theoretical maximum tonnage capacity of a lock is the
maximum tonnage that could be passed through it, assuming 100 percent
utilization. It is referred to as the "theoretical' maximum because
a 100 percent level of utilization obviously could never be attained
at any lock. The computations were made for reference only, as a point
of interest, to show the uppermost bounds of tonnage throughput at the
existing Gallipolis Locks. The maximum tonnages for each operating
policy and year may be compared with one another as a supplemental
means of determining the relative increases in lock capacity, if any,
to be expected from the various alternative operating policies.

85. Maximum capacity computations associated with the 1U1D, 3U3D,
and FIFO Unrestricted operating policies are given in Tables 13-15,

respectively. The desired values, maximum tons per month and
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maximum tons per year, are derived separately for each chamber and for
several selected years in the following steps.
Tows per lockage

86. The total number of each lockage type--singles, doubles, set-
overs, etc.--is given by chamber in the WATSIM output (see Figure 1).
For all lockage types except multitow lockages, one tow is processed by
WATSIM for each occurrence of a lockage type. Thus the sum of the num-
ber of occurrences of a lockage type, regardless of lockage type (with
the exception of the negligible number of multitow lockage types), is
the same as the number of tows. To determine the actual total number
of lockages (chamber filling or emptying), single and setover tows take
only one lockage, doubles require two, and triples and over are consid-
ered to be three, even though some tows would require more than three
cuts in the auxiliary chamber. Thus, the number of tows per lockage
computed for the auxiliary chamber is probably a little high for the
out years when more of the large tows would choose multicut lockage in
the auxiliary chamber rather than wait unusually long periods to use
the main chamber.

Average time per lockage

87. The total processing time by chamber is divided by the number
of lockages that occurred.

Maximum lockages per month

88. This value is derived simply by dividing the total number of
minutes in a month (43,200) by the average time required for each
lockage.

Tons per barge

89. Barge types of the same mix are assumed to use each chamber;
therefore the tons per barge is the same regardless of the chamber.
Total tons processed by both chambers during a simulated month are
divided by the number of barges locked.

Barges per tow
90. The number of barges serviced by each chamber is divided by

the number of tows.
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Barges per lockage

91. The tows per lockage are multiplied by the barges per tow to
obtain the desired values.

Tons per lockage

92. The tons per barge is multiplied by the barges per lockage.

Theoretical maximum tons per month

93. This highest possible capacity of the lock is determined by
multiplying the maximum lockages per month by the tons per lockage. The
value thus obtained represents a maximum, but impractical, monthly ton-
nage level. Such tonnages through either chamber would not be possible
because of the loss of commercial traffic locking time due to downtime
for maintenance, accidents, adverse river and weather conditions, and
lockage of vessels not carrying commercial cargo. In addition, full
operation of the main chamber interferes with operations in the auxil-
iary chamber. Tows using the auxiliary chamber would also interfere to
some degree with operation of the main chamber.

Maximum tons per year

94. The maximum tons per month was multiplied by 10.75 to obtain
the maximum tons per year. A multiplier of 10.75 rather than 12.0 was
used because 10.75 was the divisor used for each commodity tonnage in
TOWGEN to convert from annual levels to monthly maximums. Thus the
heaviest traffic conditions to be expected during any given month of
each test year were put into the model to simulate maximum lock utili-

zation and the accompanying larger delays.

Analysis of Interference to Operations
in the Auxiliary Chamber

95. The auxiliary lock at Gallipolis cannot be used by tows at
certain times when the main chamber is in use. The present entrance
conditions are such that the entire channel must be occupied by the
tows entering and exiting from the main chamber. In addition, inter-
ference to operations in the auxiliary chamber is caused by portions of
tows secured on the main chamber guide walls during double lockages.

Every effort is made to prevent operations in the smaller auxiliary
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chamber from interfering with main chamber operations.

96. The adverse effects of main chamber operations on the auxil-
iary chamber capacity was analyzed using the PMS data for the month of
December 1975. Single, setover, knockout, jackknife, and multivessel
lockages in the main chamber were assumed to have blocked entrance to
and exit from the auxiliary chamber as they approached, entered into,
and exited from the lock. The break and recoupling times of setover,
knockouts, and jackknifes are an integral part of the entry and exit
times, respectively, and were therefore included in the channel block-
age times. Double lockages blocked the entranceway during these times
and also when separate cuts were moored to the guide walls of the main
chamber. The results of the data analysis are shown in Table 16. The
significant point to note is that the upper approach and lower approach
were blocked by operations in the main chamber 56.1 percent and 55.0
percent of the processing time, respectively. The assumption was made
that no tows were in the area of the lock during times when the main
chamber was not in operation. Had there been any, they would have
most likely used the main chamber in lieu of the auxiliary chamber.
Accordingly, the total processing time of the main chamber rather than
the total available time was used to compute the percent of time the
approach channel could not be used by tows desiring to enter the auxil-
iary chamber. The December 1975 data thus indicated that unless the
tows could be scheduled for lockage so as to circumvent periods of chan-
nel blockage, only about 45 percent utilization of the auxiliary chamber
would be attainable during periods when the main chamber is heavily uti-

lized and standard double lockages were being performed frequently.

Hazardous Approach and Exit Conditions
at the Auxiliary Chamber

97. The hazardous approach and exit conditions existing at
Gallipolis Locks and Dam (schematically depicted to scale in Figures 9-
13) are described in the following paragraphs.

High flow conditions

98. During high flow conditions (total gate openings greater than
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25 ft*), tows must work their way along the guide wall to enter the
auxiliary chamber. Checkline assistance must often be used to offset
the outdraft currents. As shown in Figure 9, tows would be unable to
maneuver around an unpowered cut on the guide wall without the risk of
being swept out past the end of the upper guard wall.

Low flow conditions

99. During low flow periods, reduced outdraft currents still
tend to force the bow of downbound tows out past the end of the upper
guard wall. Tows must therefore continue to skew their approach to
the auxiliary chamber. Even as the bow reaches slack water, currents
continue to rotate the stern riverward toward the gates of the dam. As
shown in Figure 10, attempting to maneuver into the auxiliary chamber
while an unpowered cut is moored to the guide wall would be extremely
hazardous.

Discharges through the dam

100. Discharges through the dam sweep around the end of the lower
guard wall, giving the downstream current a sharp landward set. A down-
bound tow leaving either chamber must steer the bow riverward to offset
the river currents that drive the entire tow toward the left bank. Fig-
ure 11 shows an exiting tow trying to manecuver to its right to offset
the subject currents but experiencing great difficulty because of the
moored unpowered cut on the guide wall.

Currents at the lower guard wall

101. Because of the currents whipping around the end of the lower
guard wall, approaching upbound tows must assume a heading skewed to
the actual alignment of the locks. As shown in Figure 12, entry into
the auxiliary chamber when an unpowered cut is moored to the guide
wall would be difficult and hazardous, if not impossible.

Crosscurrents

102. Conditions at Gallipolis also adversely affect the exit of
upbound tows from the auxiliary chamber when an unpowered cut of a

double is moored to the upper guide wall. A boat pilot must try to

* A gate opening of 25 ft corresponds to 18.7 ft on the lower gage
(6.7 ft of tailwater).

55




steer the bow of the tow landward to minimize the adverse effects of
crosscurrents created by the outdraft. Figure 13 shows that such a
maneuver would be hazardous in many cases because of the narrow

passageway.

Comparison of Three Alternate Operating Policies

103. The results of the capacity investigation are consolidated
for three alternate operating policies in Table 17. First, the table
shows the increase in cumulative lock utilization (both chambers com-
bined) as traffic levels increase with the selected past and future
years. Data on utilization were obtained from runs of the simulation
model, using the pertinent tonnage shown in Table 11 as input data.

The tonnage capacity limitations of the locks are shown in three differ-
ent forms in Table 17. First, the theoretical maximum tonnage should be
considered as the absolute uppermost bounds of lock capacity obtained
only through 100 percent utilization of both chambers. Such levels of
tonnage throughput are impossible to attain at Gallipolis under any con-
ditions and are shown simply for comparative purpose. The theoretical
maximum tonnages presented in this table correspond to the most distant
future years for which simulation model runs could be made before infi-
nite queuing occurred, as shown in Tables 13-15. The simulated max-
imum tonnage capacities of the locks were also obtained from the model
runs for each alternate operating policy during the simulated years im-
mediately before infinite queuing occurred. The simulated maximum ton-
nages are too high from a practical standpoint since higher utilization
of the locks than possible would be necessary to attain them.

104. The adjusted practical maximum tonnage capacity is the most
representative estimate of maximum tonnage capacity based on realistic
utilization levels expected under actual operating conditions at the
locks. As discussed earlier and verified by an analysis of PMS data
as shown in Table 16, utilization of the auxiliary chamber can probably
not exceed 45 percent with the present entrance conditions at Gallipolis

and the high percentage of large tows requiring double lockages. A
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95 percent level of utilization for the main chamber could possibly be
achieved by insuring that operations in the auxiliary did not interfere
in any way. This would be justified from the standpoint of the much
greater capacity available in the larger main chamber and thus the de-
sirability of not allowing its operation to be interrupted. Utilization
of the main chamber by commercial tows could probably never exceed the
95 percent level because of unfavorable weather and navigation condi-
tions, maintenance requirements, downtime for repairs, and other contin-
gencies. With an assumed practical utilization level of 70 percent

(95 percent in the main chamber and 45 percent in the auxiliary), the
plots of tonnage versus utilization (Figures 4 and 7) were used to de-
termine the monthly and annual practical maximum tonnage levels. Since
maximum monthly tonnages were used as model input, the annual high and
most likely tonnages were computed by multiplying the model output ton-
nages by 12.0 and 10.75, respectively. Since a divisor of 10.75 was
input to the model along with the annual tonnage in Table 11, a multi-
plier of 10.75 converts the maximum monthly capacity to a most likely
annual capacity. When the peak monthly tonnage is multiplied by 12 to
obtain the maximum annual practical tonnage, the assumption is made that
the peak tonnage will be processed each month.

105. An additional adjustment had to be made to the practical
tonnage capacity obtained from the simulation model in order to relate
simulated tonnage to the more accurate tonnages reported to the Water-
borne Commerce Statistics Center (WCSC) by the towing industry. When
this project was initiated, only the lockmaster's records for the month
of December 1975 were available through the PMS for use in calibrating
the WATSIM model. These records were the best available at the time the
simulation program runs were made. However, the WCSC data made avail-
able later indicated that much less tonnage than reported by the lock
personnel actually passed through the lock. The WCSC data is considered
to be the more accurate because it is reported to WCSC by the home of-
fice of the shipper from actual shipping records. The lockmaster's
records are simply estimates of cargo tonnages made by the towboat

pilot. Use of the higher tonnage level reported by the lockmaster
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resulted in a higher average load per barge in the simulation model.
The model output therefore indicated a correspondingly higher tonnage
capacity for the lock. To adjust for the discrepancy and obtain a more
realistic capacity estimate, the practical monthly and annual tonnage
capacities reported by the model were multiplied by a correction factor
of 0.877. This factor is simply the ratio of the WCSC tonnage and the

lockmaster's tonnage for the Gallipolis Locks.
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PART VII: INCREASED CAPACITY OF GALLIPOLIS
LOCKS FROM SWITCHBOAT OPERATIONS AND
MINOR STRUCTURAL IMPROVEMENTS

General

106. With the aid of simulation modeling, a study was made of cer-
tain relatively minor structural and associated operational improvements
that have the potential to increase the capacity of Gallipolis Locks to
the limits of the existing chamber sizes. The following proposed im-
provements were analyzed using the TOWGEN/WATSIM simulation model
package:

a. Switchboat op rations in the upper pool only (Recoupling
area must be constructed, e.g., mooring cells upstream
from the locks.)

|

Switchboat operations in both the upper and lower pools
(Recoupling area would also be required in the lower
pool.)

e}

Switchboat operations in the upper pool and an extended
center guard wall in the lower pool, together with other
improvements to local navigation facilities

|-

Switchboat operations in the upper pool and an extended
landward guide wall in the lower pool to enable the re-
making of tows outside the lock chamber

|@

FIFO Ready-to-Serve operating policy, whereby each cut of
multicut lockages would lock as a powered single, but
where knockout and setover lockages would continue to
break and recouple inside the chamber

Description of Switchboat Operations

107. All of these operating policies would require the permanent
and continuous presence of one or more switchboats at the locks. Multi-
cut tows would be allowed to enter either chamber as usual, break apart
within the chamber, and back out so that the unpowered cut could be
locked. The unpowered cut(s) would be extracted by a switchboat and
moved to a mooring area a sufficient distance from the lock to prevent

recoupling operations from interfering with the operations of the lock.
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The lock could be turned back, and the powered cut of a double lockage
tow could begin locking while the switchboat is moving the first cut to
the reassembling area. The switchboat would then travel back to the
lock to assist the next lockage when required, either in the main or
auxiliary chamber. For the cases involving extended lower lock walls,
tows traveling in the same direction would be locked sequentially, so
that the lock could be turned back to service a waiting tow while an
exiting tow is recoupling on the wall. Setover and knockout size tows
would continue to be reconfigured at the lock chamber, but following
lockage, they would travel to a nearby reassembling area, with help as

needed from a switchboat, for remaking to their original configurations.

Simulation of Switchboat Operations

108. In general, the operations envisioned would permit tows to
uncouple inside the lock but not to recouple there following the lockage
process. Tows would remake in a mooring area far enough away to prevent
interference with subsequent lockage operations. Thus double (or more),
setover, and knockout lockages would be permitted, but a significant
time savings could be recognized by eliminating the recoupling process
at the lock. The FIFO Ready-to-Serve policy is similar to what has been
called "switchboat operations,'" except that the unpowered cuts of multi-
cut tows would be powered through the locking process by a switchboat;
e.g., each double will become two single lockages.

109. Switchboat operations can be simulated by the WATSIM model by
simply reducing the chamber processing times of the double, setover, and
knockout lockages, as appropriate. Following lockage, the setover and
knockout tows would travel under their own power with help from a
switchboat, if necessary, to the mooring area before remaking into their
run-of-the-river configurations. The lock processing time distribution
for single lockages would remain the same in the model because there
would be no change in their current locking procedures. Modifications

were made to the model during previous studies to enable the direct
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simulation of the FIFO Ready-to-Serve policy without revising the lock-
age times frequency distributions.

110. The WATSIM model defines the chamber processing time as the
period from the crossing of the lock sill by the tow's bow upon entry
to the crossing of the opposite sill by the stern during exit. The use
of switchboats at Gallipolis would reduce the chamber proc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>