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PREFACE

The work described in this report was authorized by Headquarters, US
Army Corps of Engineers (HQUSACE), as part of the Hydraulics Problem Area of
the Repair, Evaluation, Maintenance, and Rehabilitation (REMR) Research
Program. The work was performed under Work Unit 32322, "Lock Gate Impact
Barriers," for which Ms. Sandra K. Martin, Hydraulics Laboratory (HL), US Army
Engineer Waterways Experiment Station (WES), and Dr. Martin E. Lipinski, Civil
Engineering Department, Herff College of Engineering, Memphis State Univer-
sity, Memphis, TN, were Principal Investigators. Mr. Glenn Drummond (CECW-EH)
was the REMR Technical Monitor for this work.

The REMR Directorate of Research and Development Coordinator in USACE
was Mr. Jesse A. Pfeiffer, Jr. (CERD-C), and members of the REMR Overview
Committee were Mr. James E. Crews (CECW-OM), Chairman, and Dr. Tony C. Liu
(CECW-EG). The REMR Program Manager was Mr. William F. McCleese (CEWES-SC-A)
and the Problem Area Leader was Mr. Glenn A. Pickering, Chief, Hydraulic
Structures Division (HSD), HL.

The work was performed at the Locks and Conduits Branch (LCB), HSD; and
this report was prepared by Ms. Martin and Dr. Lipinski under the general
supervision of Messrs. Frank A. Herrmann, Jr., Chief, HL; Richard A. Sager,
Assistant Chief, HL; Pickering; and John F. George, Chief, LCB. Dr. Lipinski
collected the data and performed analyses while under temporary assignment to
WES, arranged under the provisions of the Intergoverrmental Personnel Act of
1970. This report was edited by Mrs. Marsha C. Gay, Information Technology
Laboratory, WES.

COL Larry B. Fulton, EN, was the Commander and Director of WES during

preparation of this report. Dr. Robert W. Whalin was the Technical Director.
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LOCK ACCIDENT STUDY

PART I: INTRODUCTION

Work Unit Background

1. The primary objective of Research, Evaluation, Maintenance, and
Rehabilitation Work Unit 32322, entitled "Lock Gate Impact Barriers," was to
develop an effective method of protecting miter gates from vessel impact. As
the work unit name implies, the purpose of the research was to provide a
structural alternative, or impact barrier, which would protect the miter gates
from an oncoming tow by arresting its momentum before collision with the miter
gates. As a secondary objective, an economic assessment of the damages re-
sulting from accidents to lock gates was required to determine the benefit
effectiveness that retrofit of an impact barrier would have on an existing
lock.

2. The research was conducted in several phases including a literature
search, a physical model study, a design phase, and an accident study. Numer-
ous barrier designs were found as a result of the literature search and were,
in general, found to be common to locks abroad (Martin 1988). The physical
model study quantified the kinetic energy produced by a barge train in the
restrictive geometry imposed by a lock chamber (Martin 1989). Information
obtained from the literature search and the physical model study was incorpo-
rated in the design phase to develop a conceptual barrier system specifically
sized for retrofit on Lock and Dam 24 on the Mississippi River (Martin and
Holmes 1989). This barrier design is shown in Appendix A. The economic
assessment of damages, as mentioned previously, was addressed by means of this

accident study.

Accident Study

Prgblem

3. Accidents in which vessels collide with lock structures occur fre-
quently. These accidents can result in extensive repairs to both the lock
and/or the vessel and in long delays while awaiting repairs. Another product

of lock accidents not addressed by this study is the potential for injury




and/or loss of life. Determination of the causes and quantification of the
effects (i.e., damages) begin the process of identifying solutions to the
problem which potentially result in great economic returns.

4. Accidents are caused by sundry reasons which can occur in combina-
tion or alone. The primary causes of accidents are directly related but not

limited to the following:

a. Excessive speed or inability to stop

b. Misalignment of the tow

¢. Faulty communications between the lockmaster and tow
operator

d. Equipment failure on the tow or the lock

e. Pilot error or poor judgment

f. Surges in the lock chamber due to filling system

g. Improperly secured mooring lines

h. Improper loading or lashing of barges

Indirect factors that affect safe maneuvering into the lock are river stage
and discharge, current patterns, direction of travel, horsepower of the
vessel, and visibility during approach. The combination of factors, direct or
indirect, that cause tows to collide with lock gates is at the very least a
complex phenomenon (US Army Engineer Division, Ohio River, 1981).
Need

5. The accident study was conducted to identify the need to reduce
accidents, regardless of cause, by quantifying the damages associated with
accidents. This study provided information on navigation accidents at
selected US Army Corps of Engineers (USACE) District Offices and identified

the locks in those Districts with high accident rates and large repair costs.

Objectives and Scope

6. The objectives of this investigation were to evaluate the costs
associated with navigation accidents involving collisions with lock gates and
to develop a risk assessment methodology that could provide the basis for
conducting cost-effective evaluations of potential structural solutions. The
accident cost analysis was conducted in two phases, the first focusing on
direct costs of accidents as measured by damage estimates, and the second
consisting of estimates of the economic impact of delays resulting from

accidents that caused interruptions in lock service.




PART II: COLLECTION OF THE DATA

7. A review of existing data bases was conducted to determine the
availability of information relating to accident costs. The following four
potential data sources were reviewed:

a. The Safety Information Management System (SIMS), a data base
maintained by the USACE Safety Office (SIMS, no date).

b. The Casualty Maintenance (CASMAIN) accident records system
maintained by the US Coast Guard (CASMAIN, no date).

¢. The Performance Monitoring System (PMS) containing information
for all lockages at facilities maintained by the USACE (Fleming,
Wood, and Goodwin 1985).

d. Records kept by each USACE District Office on accidents

involving damage to US Government property for collisions at
locks and dams within the individual jurisdictions.

SIMS

8. The SIMS contains information relating to accidents for all USACE
facilities. All accidents are presumably reported on Eng Form 3394, "Accident
Investigation Report" (Figure 1), and pertinent data items then transferred to
the data base.* One of the data elements identifying the accident type falls
under the category of navigation accidents. A microcomputer-based set of the
SIMS data for the period 1984-1986 was obtained and a listing of all
navigation-related accidents in the system was prepared.

9. A pilot study was undertaken comparing the information in the SIMS
data base on lock accidents in the St. Louis District with the records main-
tained by the District. (The District conducts investigations of all acci-
dents that result in damage to Government property for the purpose of develop-
ing cost estimates for the necessary repair work. These estimates, developed
by Corps personnel, are used to collect damages from the companies whose ves-
sels are involved in the accidents.) This comparison revealed significant
discrepancies between the two data sets. While all the navigation accidents
in the SIMS data were also listed in the District records, a significant num-

ber of incidents in the District files did not appear in the SIMS data base.

* This form is now obsolete and has been replaced with a more current version
dated September 1989.
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10. Based on the results ol this pilot study, it was concluded that the
SIMS data base could not be used in this investigation because it did not

contain a complete listing of all accident events.

CASMAIN

11. The CASMAIN system is maintained by the US Coast Guard and contains
information on commercial marine accidents occurring in US waters or involving
US flagged vessels. Accidents on the inland waterways system are reported to
the US Coast Guard on Form CG-2692, "Report of Marine Accident, Injury or
Death" (Figure 2) and then transferred into the data base. CASMAIN records
include estimates of vessel damage but do not indicate damage to other prop-
erty such as lock structures. Since information regarding vessel damage is a
part of the total direct cost of an accident, the CASMAIN system was reviewed
to determine if it could provide data to supplement other damage estimates.

12. Another pilot study, similar to the one performed with SIMS, was
undertaken to determine if there were CASMAIN entries corresponding to the
accidents cataloged at the District level. The results of this comparison
were disappointing as only a limited number of the accidents were found in the
CASMAIN svstem. Therefore, the CASMAIN system was rejected as a source of
vessel damage information for this study.

13. Alternative sources for vessel damage information such as records
maintained by the individual towboat companies and insurance records were
investigated. Due to the confidential nature of the data and difficulties in
identifying vessel damage costs with individual incidents, vessel damages were
not obtained at this time.

1l4. Further investigations, however, should attempt to obtain these data
concerning vessel and cargo damages from towboat companies or marine insurance
agencies. Because of the privileged nature of this information, aggregated

data will have to be analyzed instead of accident-specific information.

PMS

15. The PMS is a part of the Inland Navigation Systems Analysis (INSA)
program and includes data collected since 1975 at all Corps—owned and

-operated locks. The data consist of information describing the traffic

10
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ONLY "S;EE;S TO:“:'T’;G WITH TOW- O TOWING ALONGSIDE
u BOATISI ] MORE THAN ONE TOW-BOAT ON TOW
SECTION [{. BARGE INFORMATION 26. USCG Cenrficate
26. Nsme 26a. Othicial Number 26b. Type 26¢. Length 26d. Gross Tons of inspecuon | s
261. Year Buit ‘ . 26h. Dratt 26i. Operating Company
22) SINGLE SKIN FWD AFT
| T DOUBLE SKIN
26). Damage Amount 26k. Descnibe Damege to Barge
BARGE $
CARGO $
OYHER & ______
MR e ———
PREVIOUS EDITIONS MAY 8E USED SN 7530-00-FO1-1730
Figure 2. CASMAIN data form (Continued)
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REVERSE OF CG-2692 (REV. 6-8N

SEC N 1il. PERSONNEL ACCIDENT INFORMAT’

27,
CMALE or L FEMALE

Person Involved 27a. Name (Lust, Firse. Middle Nume) | 27c. Status
; - CREW

QOoeap -~ — - ‘ . PASSENGER
= MISSING = INJURED 275, Address (Citv, State. Lip Code) i 3 OTHER Specarst
i
28. Birth Date 29. Telephone No. 30. Job Position | 31 (Check here of off duivs
f } g
2. Emplover -(f different from Block 18.. fill in Name. Address. Telephone Nei )
33. Person's Time YEARIS) MONTHI{S) | 34. Industry ot Emplover (lirwine, Fishing, Shippiny.
A. IN THIS INDUSTRY - Crew Supply. Drilline. c1e.)
B. WITH THIS COMPANY . o I
€. IN PRESENT JO8 OR POSITION - 35. Was the Injureg Person Inca‘pacnatea 72 Hours or
D. ON PRESENT VESSEL/FACILITY - More? " YES - NO
E HOURS ON DUTY WHEN ACCIDENT OCCURRED - 36. Date of Death
37. Actrvity of Person at Time of Accident
38. Specitic Locanon of Accident on Vessei/Facility
39. Type of Accdent (Fail. Cuught berween. e1c.) 40. Resulung Inyury (Cur. Bruise. Fracture. Rurn. etc )
41, Part ot Body Injured 42. Equipment Involved n Accident
43. Specihic Object. Part of the Equipment in Block 42.. or Substance hemrcal. Solvent. c1c ) that directiv produced the Injury
SECTION [V. DESCRIPTION OF CASUALTY
44. Describe how accident occured, damage, information on alcohol/drug involvement and recommendations for corrective salety measures. (See asiruciions

and attach addiional sheers if necessarvi.

45. Witness (Name. Address. Telephone No.}

48. Witness (Name Address, Telephone No.}

SECTION V. PERSON MAKING THIS REPORT a7c. Title
47. Name (PRINT) (Last. First, Middle) 47b. Address (Cirv. Siate. Zip Code)
4/d. Telephone No.

478. Sh f )

gneturs 47e. Date

FOR COAST GUARD USE ONLY | nePORTING OFFICE:
APPARENT CAUSE
INVESTIGATOR (Name) DATE APPROVED BY (Name) DATE

casuaLTy cooe A B C

Figure 2. (Concluded)
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through the lock as well as the physical aspects of lockages. A form is
completed by the lock master for each lockage (Figure 3). One item in the
data set is a stall code, which identifies accidents as a cause of excessive
delay during a lockage. While PMS does not provide direct cost of accident
data, the data base is used in the subsequent phase of the study, which

focuses on delay estimates.

District Records

16. Following the pilot studies comparing SIMS and CASMAIN to St. Louis
District records, contacts were made with numerous Districts to confirm that
each had a local record system similar to the one maintained within the
St. Louis District. Since these type records were available in each District,
the decision was made to use local records because of their comprehensive and
thorough source of accident cost information to determine direct accident cost
estimates.

17. Seven Corps of Engineers District Offices were surveyed: St. Paul,
Rock Island, Huntington, St. Louis, Louisville, Pittsburgh, and Nashville.

The survey includes up to 11 years of data, 80 locks, and 10 rivers. Table 1
lists each District, years of data, number of locks in each District, and
names of rivers surveyed. Accident data reflecting the severity and frequency
of vessel collision to USACE lock facilities, specifically to miter gates,
were collected: the lock name, the date of accident, the direction of the
vessel, whether a miter gate was struck, which miter gate was struck, and the
amount of damage to Government property (either real or estimated). dBase III
data management software was used to develop a data base for storage and

retrieval of all District records (dBase III, no date).
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PART III: ACCIDENT ANALYSIS AND DIRECT COSTS

18. Direct accident costs are defined in this study as those associated
with the repair of the lock gate or other lock appurtenances damaged during an
accident. Analysis of the District records identifies the locks that account
for high accident rates and significant repair costs. Dollar damages reflect
actual repair figures, when possible, or estimated damages if actual repair
costs were not provided. Accidents reported without damage estimates were not
included in statistical summaries. That is, only nonzero records were consid-
ered in the tables and the statistics included herein.

19. Table 2 contains the accident totals by District. Table 3 presents
the totals by river. Many conclusions can be drawn from these two tables.

St. Paul has the most number of accidents for the l0-year period while the
St. Louis District spent the most money per lock on repairs. Rock Island has
spent almost half a million dollars per year making repairs to locks damaged
by collisions. More money is spent on repairs per lock on the Upper Missis—
sippi River than on other rivers surveyed. The average cost for miter gate
accidents is higher ($22,200 per accident) than for all accidents ($18,400).

20. Table 4 is a detailed listing containing the total number of acci-
dents and damages at each lock. From this table several lists were compiled
pertaining to data at individual locks. The 10 locks of the 80 surveyed with
the highest number of miter gate accidents and the most accidents per year are
found in Table 5, ranked in descending order according to the lock with the
most miter gate accidents. While the average number of accidents per year is
relatively low even at the high—accident locations, the damages associated
with each accident can be quite costly, as seen in Table 6. Ranked according
to miter gate damages, these statistics are based on locks having a minimum of
five accidents during the period of record and include accidents that resulted
in damages of less than $1,000. Economic data presented in Table 7 show the
average annual damages for the top 10 locations based on all accidents; and
Table 8, the average annual damages for miter gate accidents only. Table 9
lists the 10 locks with the highest total damages over the period of record in
the survey.

21. Other statistics and facts taken from the data such as the total
number of accidents, how many of these involved the miter gates, and total

expenditures for these seven Districts, are scattered throughout these tables.
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The number of miter gate accidents constitutes 57 percent of the total number
of accidents for the period of record represented by the survey, yet comprises
approximately 69 percent of the damages. The average cost per lock for all
repairs is $157,500, while the average repair cost per lock for miter gates is
only $108,800.

22. A catastrophic accident, as defined in this study, is any accident
having damages greater than or equal to $50,000. This limit was arbitrarily
selected by the authors. Table 10 lists each catastrophic accident including
the District, lock name, date of accident, cost of repair or damage, and
whether the accident involved a miter gate. A total of 61 accidents fell in
this category producing a total damage figure of $9,677,700, or approximately
77 percent of the total damages of $12,596,600. Over 72 percent of the total
number of catastrophic accidents occur to the miter gates. Of the 685 total
reported accidents, the 44 accidents in the catastrophic category involving
miter gates, or less than 7 percent, caused 60 percent of all reported
damages .

23. Investigation of these tables can help identify locks where protec-
tion systems or modifications could provide potential savings. Four locks
that rank among the top 10 in having the highest rate of accidents per year,
cost of accident, average annual damages, and most total damages are
Gallipolis, Lock and Dam 24, Lock and Dam 25, and Lock and Dam 22. Gallipolis
Lock, on the Ohio River, which had the highest accident rate and the highest
annual damages, is presently being replaced by two lock chambers with an
improved alignment or approach to the locks. The other three high-cost/high-
accident locks are on the Mississippi River and experience heavy traffic
volumes, which may account for the high rate of accidents at these locks.
(This study did not include the determination of how accidents relate to
traffic volume at each lock. However, traffic volume data extracted from
available PMS quarterly reports can be found in Appendix B.)

24. In this phase of the study, accident statistics identified the locks
with the highest potential for operational improvement with the installation
of lock barrier protection systems. These results also highlighted those
locations that are leading candidates for further analysis related to delay

costs.
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PART IV: DELAYS

Introduction

25. The direct costs required to repair damage to Government property
resulting from collisions with miter gates represent only part of the total
costs associated with lock accidents. A second cost component, which can be
of equal or greater magnitude, is the additional operating costs or losses
experienced when vessels are delayed due to lock closure or service interrup-
tion. When service is interrupted at the locks along the inland waterway
transportation system as a result of an accident, costs are accumulated by
waiting tows.

26. Operating costs can include fuel, manpower, and insurance. Losses
may relate to delayed delivery of commodities or needing to provide alterna-
tive means of transporting those commodities. The hourly cost to operate a
towboat, fuel and manpower only, can be as high as $500 (Fleming, Wood, and
Goodwin 1985). Some figures from industry estimate these delays ranging as
high as $30,000 per day per tow.

27. Articles in The Waterways Journal Weekly repeatedly report incidents
in which accidents result in long delays and closures that can damage indus-—
try. One article indicated that lock closures can cost up to $3 million per
day in financial losses to barge cransportation companies. A 4-day closure
for repair of the gates at Gallipolis Lock in March 1986 resulted in an esti-
mated loss of $550,000 tou the towboat industry according to the Huntington
District. In April 1984, the miter gates at Gallipolis Lock and Dam on the
Ohio River sustained extensive damage from a collision that required the lock
to close for 17 days at an estimated cost to industry of $1.96 million. In
addition to a $600,000 repair bill to the gates, an accident at Lock and
Dam 25 on the Upper Mississippi River on 24 August 1985 caused a 5-day closure
of the facility. When the gates reopened, 17 downbound tows were awaiting
lockage at Lock and Dam 24 and 9 were waiting at Lock and Dam 25. As recently
as 12 September 1989, a mishap occurred at Lock and Dam 26 in which the lower
gates were struck closing down the lock for repairs. Six days later 33 tows
were stil! awaiting lockage. (Information taken from several articles found
in The Waterways Journal Weekly.)

28. Although figures quantifying the actual cost of delays vary, one
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thing is certain: delays are quite expensive! While it would be interesting
to compile these costs and add them to the repair bills for a composite anal-
ysis, the subjective nature of the problem was beyond the scope of this study.
The intent of this study was to assess the length of delays associated with
accidents to miter gates, rather than the costs.

29. Complete records of delays experienced by all vessels at all locks
on the inland waterway system are collected as part of the lock PMS. With
this comprehensive data source available, it was hypothesized that by compar—
ing delay records at specific locks for periods before and after the occur-
rence of a miter gate collision, the amount of extra delay due to the accident
event could be determined (Figure 4). Further, by evaluating increases in
delays for a number of occurrences, models could be developed to correlate
anticipated delay increases with accident severity as represented by the

dollar amount of damage to the lock structure.

N\

EXCESS

/\/ DELAY

)%
2)

777

277

7
2)7%
%

.

DELAY

ACCIDENT
Figure 4. Hypothetical model of delays due to
accidents
Methodology

30. The PMS data elements that indicate the amount of delay experienced

by each vessel passing through the locks are the wait time, processing time,
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and transit time. In PMS these terms are defined as follows:

a. Wait time. The time elapsed from the arrival of a vessel at a
lock to the start of its approach to a lock chamber; the time
spent in queue awaiting lockage.

b. Processing time. The time to process a vessel completely
through a lock, frowm start of lockage to end of lockage.
¢. Transit time. The sum of the wait time and processing time for

a vessel.

31. Additionally, for each lockage, all stoppages in lock operation are
recorded and assigned a stall code. One of the stall code items identifies
stalls resulting from accidents. The objective then was to find all data
records that contained the accident stall code and relate this information to
the transit time and ultimately to delays due to accidents.

32. The initial step in this process was to access the PMS data base and
extract the items required to perform the delay analysis. After review of the
PMS User's Manual (Fleming, Wood, and Goodwin 1985), it was determined that
"PMS Summary Report 18-—-Tow Transit Analysis: Detailed Lock Report" (PMS, no
date) contained the required information. This report analyzed the perfor-
mance of all vessels transiting the inland waterways on a lock-by~lock basis
during a specified reporting period. The data are organized by individual
locks on a month-by-month basis. Table 11 lists the data items in this
report.

33. The records were downloaded from the PMS data base on the Control
Data Corporation mainframe computer using a FORTRAN program written specifi-
cally for that purpose (Appendix C), and manipulated to be included in the
dBase II1 data base of District accident records. The files were sorted
according to date and time of each arriving vessel. Pleasure craft were
eliminated from the analysis.

34. Regression analysis of arrival frequency and wait time data at each
lock for several months of data was performed. The statistical package,
MINITAB, was used for this analysis on the Memphis State University mainframe

Univac computer (Minitab, Inc., no date).
Results

35. To determine the applicability of the methodology, two locks were
selected for analysis, Lock 24 and Lock 25 on the Upper Mississippi River in

the St. Louis District. Both of these locations were among the high-accident
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locations identified ir the direct-cost phase of this investigation. Addi-
tionally, they were selected because they are single-chamber locks, making
analysis procedures less complex than at locations with dual-chamber locks.

36. Tables 12 and 13 list the dates and dollar amounts of damage of all
the accidents involving collisions with miter gates at these two locks as
reported by the St. Louis District. The PMS data base was accessed to obtain
reports for the months during which these accidents occurred. However, gaps
in the PMS records were detected and reports for all months could not be
generated. Also indicated in these tables are the months for which PMS
Report 18 was available and accidents reported for the two locks.

37. For each month where PMS data were available, a dBase I1I data file
was created using the procedures described in the previous section. Each data
file contained the name of each vessel arriving during the month, the date and
time of arrival, the wait time and process time at the lock, and additional
information entered in the PMS regarding stall time and stall code.

38. The initial analysis examined the variation in delays recorded prior
to and subsequent to an accident event. Five representative accidents were
selected for analysis. For each of these accidents the wait time and process
time were determined for the 30 vessels arriving before the accident and for
the 30 vessels arriving after the accident. Average delays (consisting of the
total of wait and process times) for the 30 vessels arriving before the acci-
dent and the next 5, 10, and 20 ve.sels arriving after the accident were
calculated. The results are shown in Table 14.

39, It was hypothesized that delays would increase after an accident,
and that a pattern would emerge that indicated the extra delay, in terms of
increased wait and process times, resulting from the accident. A review of
the delay calculations for the five accidents listed in Table 14 indicated
that a consistent pattern did not emerge. For two of the accidents with
damage under $3,000, delays actually were lower after the accident than before
the accident. One accident with an estimated damage of $1,250 showed a slight
increase in delays for the 5 vessals arriving after the incident but little
change in average delay after 20 arrivals. 1In two cases, one involving a
major accident with an estimated damage of $208,365, and one with minor damage
of 51,012, delays increased after the accident. The largest increase in post-
accident delay for these five accidents occurred after the $1,012 accident.

Figures 5-9 illustrate the individual vessel delay patterns for arrival.
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before and after the five miter gate accidents listed in Table 14.

40. This result indicated that additional factors, such as the arrival
rates per day before and after the accident, the severity of the accident, or
other reasons for stalls at locks, may influence the delays experienced after
an accident as significantly as the occurrence of a collision with a miter
gate. To examine the possible effects of the traffic pattern and the accident
occurrence on delays, additional charts were developed relating average wait
and process times per day for the entire month when there was an accident.
These charts illustrate the daily variation in average wait times and process
times per day and the number of vessel arrivals per day for representative
months.

41. Two of these charts for Lock 24, one for the month of July 1980 and
the other for October 1981, are shown in Figures 10 and 11, respectively. The
chart for July 1980 shows a definite increase in wait times after the acci-
dent. The October 1981 chart does not indicate a definite pattern of wait
times relating to the collision, which caused only $5,828 in damage to the
lock structure. Appendix D contains additional charts developed for other

months with miter gate accidents at both Locks 24 and 25. Wide variations in

25




@woCcox

(b Jadaled

10
8 Accident 7/26/80 s
$208,565
6
n . .
| ] .
{ - " . ‘
2 . iy . ;
"'—7‘“’*‘*’“.‘—7 B T R S ACEE s R, R T R
; . ‘ i hasd \f ’; "‘
0 1

Figure 10.
5
!
4 -
3.
2
1: ’ .

11121314 8 1114 9 1114 5 815121412129 8 8 11 710109 141‘;131613 7

NUMBER OF ARRIVALS PER DAY

°  wait time process time

Variation in average daily lock delays,
Lock 24, July 1980

Accident 10/12/81
$5,828

O . . . . i . B . B . L i . . B . . ' . . B B . A B . N B
61111168 81011 41411610118 119138 8121313148 121011 111011

Figure 11.

NUMBER OF ARRIVALS PER DAY

wait time process time

Variation in average daily lock delays,
Lock 24, October 1981

26




delay patterns are evident in these plots. For some accidents, primarily
those of high severity as indicated by the damage estimates, delays following
an accident build up as expected. However, no generalizations could be
deduced from these charts because in other instances the occurrence of an
accident did not appear to be related to the buildup of additional delays.

42. As an example, an accident could occur that caused severe damage to
the gates, but lock operation could continue until the spare gates were in-
stalled. According to Little Rock District personnel, the delay associated
with replacing the miter gates with spare gates could take 18 to 21 days,
which would be repeated when the repaired miter gates were reinstalled.

43. Conversely, an accident that incurs no damages could in fact cause
delays. A case in point was observed by the author on 28 January 1988 at
Murray Lock and Dam on the Arkansas River. A tow locking through became
wedged in the lock chamber due to a massive drift raft caught between the
barges and lock wall. This incident resulted in a 2-hr delay for the tow
while lock personnel removed the drift, but resulted in no damages to the
structure. Had there been other tows awaiting lockage, this would have caused
a temporary delay in the total river queue.

44. An attempt was made to determine if regression equations could be
developed to predict Jelays as a function of independent variables such as the
year and month of the accident (seasonal variations), frequency of arrivals
(traffic volume), and four types of stall codes contained in the PMS reports
(accident, river currents, testing, and other). Several different transforma-
tions of the variables were attempted, but the results were disappointing.

The highest R-squared coefficient, using data from Lock 25, was 0.45 for a
multiple regression equation that determined wait times as a function of
several independent variables. Based on this limited analysis, it was con-
cluded that the regression equation developed was not satisfactory for use in
predicting the delays experienced at Lock 25 during the months that had an
accident event.

45. The principal objective was to construct a model of the excess delay
experienced by tows awaiting passage through a lock that are required to wait
as a result of a collision of a vessel with a miter gate. However, attempts
to determine a relationship between delays and selected independent variables
were not achieved. The lack of a predictable pattern may be due to one or

more of the following reasons:
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The miter gate accidents analyzed may not have been of a
magnitude sufficient to interrupt service at the lock.

Damages may not have required immediate attention and repairs
may have been postponed until a later date.

The rate of arrivals at the lock or the river conditions also
cause increases in delays at locks. Quantification of the con-
tributions due to these conditions is difficult with the data
available for this study.

Depending on the severity of the accident and/or lock closure
and on available alternatives, the towing industries could
choose to reroute commodities in such a way that delays are not
reflected in the PMS data.

Finally, inconsistencies were found in the PMS data, especially
regarding identification of the stall codes.

46. The analysis of delay data proved to be disappointing. Review of

delay records prior to and after several accident events resulted in no

discernible pattern of delay increase that could be attributed solely to the

accident. While some accidents, primarily those of high severity, conformed

to an anticipated pattern of delay buildup and decay, other incidents did not.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

47. This accident study has produced a data base containing information
on the frequency and severity of accidents at locks. Many of the tables
presented in this report contain data and statistics that have not been
previously compiled.

48. The two obvious conclusions from this study are that vessel colli-
sions with USACF structures are both costly and frequent. Based on informa-
tion obtained from the seven Districts surveyed, approximately $13 million was
spent on repairs during a 7- to ll-year period. The average cost per accident
to repair the structure was approximately $18,000. During this period,

685 accidents were reported for 80 locks. While it is apparent from the
tables that damages, or direct costs, resulting from accidents are a signifi-
cant portion of accident cost, other costs, particularly those related to
delays, can cause yet an even greater financial burden to the transportation
industry.

49. One study objective not fully accomplished was the development of a
risk assessment methodology, that is, a benefit-to-cost analysis for use in
conjunction with determining the costs that would be eliminated with the
implementation of lock gate barrier systems. Underlying the methodology was
the assumption that the true cost of an accident can be determined and is the
composite of the damage to the lock structure, the damage to the vessel and
its cargo, and the costs associated with excess delays. While the lock repair
damages are specifically quantified in this study, the vessel and cargo dam-
ages and the delay costs have been determined only qualitatively.

50. A larger data set containing wait times before and after accidents
could determine actual delay increases due to accidents. It is recommended
that any additional research in this area also include analysis of lock opera-
tions in months where accidents did not occur. Additionally, the analysis
should include the examination of queue buildup and delays at single- and
multiple-chamber locks for other types of stall codes. With a more extensive
data base, multiple regression equations that predict delays as a function of
stall type and duration, arrival frequency, measurements of volume as a per-
centage of lock capacity, and/or other factors could be determined.

51. In summary, this study has presented some pertinent data regarding

accident frequencies and severities at 80 locks on 10 rivers in 7 USACE
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Districts. These data can be used to provide insight to operational problems
at locks and in navigation planning studies. The data presented herein can be
used as a basis for economic evaluation of alternatives regarding the preven-—
tion of accidents at locks and particularly those occurring at the miter

gates.
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Table 1

General Data in District Survey

District Name
and Symbol

Huntington (ORH)

Louisville (ORL)

Nashville (ORN)

Pittsburgh (ORP)

Rock Island (NCR)
St. Louis (LMS)

St. Paul (NCS)

Period

of Records

01/77-03/87

01/79-05/87

04/81-03/87

12/79-05/87

04/78-11/86

08/79-11/86

04/77-08/87

Years Number of
of data Locks*
11 6

3

8 8

2

6 8

1

8 6

3

6

10 12
8

7 4

1

10 12
Total 80

River
Name

Ohio
Kanawha
Ohio

Green
Tennessee
Cumberland
Ohio
Allegheny
Monongahela

Upper Mississippi
Illinois

Upper Mississippi
Kaskaskia

Upper Mississippi

* Only locks where accidents were reported were included in the statistic:c .




Table 2

Totals by District

District All Accidents Miter Gates Only
(Number Total Average Total Average
of Locks) Number Cost, § Cost, S$/Lock Number Cost, $ Cost, $/lock

ORH (9) 117 2,813,869 312,652 67 2,454,458 272,718
ORL (10) 60 871,686 87,169 31 416,083 41,608
ORN (9) 33 485,965 53,996 6 45,553 5,061
ORP (15) 59 642,169 42,811 10%* 211,576%* 14,105%
NCR (20) 145 4,834,682 241,734 85 3,441,050 172,052
LMS (5) 98 1,827,578 365,516 59 1,483,396 296,679
NCS (12) 173 1,120,672 93,389 134 653,680 54,473
Total (80) 685 12,596,621 392 8,705,796
Note: Summary:
Average cost of repairs per lock (all) $ 157,458
Average cost of repairs per lock (miter gates) $ 108,822
Average cost for all accidents $ 18,389
Average cost for miter gate accidents $ 22,209

* Records

Table 3

Totals by River System

pertaining to miter gate accidents were incomplete.

All Accidents

Miter Gates Only

Average Average
Number Total Cost Total Cost
River of Locks Number Cost, § $/lock Number _Cost, $ $/Lock
Mississippi 28 394 6,919,906 247,140 268 5,153,900 184,068
Ohio 20 168 3,731,430 186,572 80*  2,757,993*% 137,900%
Illinois 8 21 860,250 107,531 9 421,450 52,681
Tennessee 8 32 484,465 60,558 6 45,553 5,694
Monongahela 6 23 405,940 67,657 10 211,576 35,263
Kanawha 3 33 144,905 48,302 12 82,861 27,620
Allegheny 3 4 14,674 4,891 * * *
Green 2 8 30,775 15,388 6 29,687 14,843
Cumberland 1 1 1,500 1,500 0 0 0
Kaskaskia 1 1 2,776 2,776 1 2,776 2,776
Total 80 685 12,596,621 392 8,705,796
* Records pertaining to miter gate accidents were incomplete.




Table 4

Data by lLock in District Survey

All Accidents

Miter Gates Only

(Continued)

District River Lock Name Total Cost, $ Total Cost, §
ORH Ohio Belleville 5 48,639 2 13,078
Gallipolis 52 1,747,811 33 1,494,327
Greenup 4 6,107 2 1,620
Meldahl 14 500,623 11 499,289
Racine 2 1,247 2 1,247
Willow Island 7 364,537 5 362,036
River subtotal 84 2,668,964 55 2,371,597
Kanawha London 4 2,411 2 1,415
Marmet 9 43,290 4 3,315
Winfield 20 99,204 6 78,131
River subtotal 33 144,905 12 82,861
District total 117 2,813,869 67 2,454,458
ORL Ohio Lock 52 11 365,356 2 3,018
Lock 53 4 5,668 0 0
Cannelton 5 72,289 4 65,889
Markland 5 5,158 3 3,962
McAlpine 5 47,516 2 5,962
Newburgh 5 139,286 2 111,198
Smithland 11 105,850 7 94,455
Uniontown 6 99,788 5 98,912
River subtotal 52 840,911 25 386,396
Green Lock 1 2 26,320 2 26,320
Lock 2 6 4,455 4 3,367
River subtotal 8 30,775 29,687
District total 60 871,686 31 416,083
ORN Tennessee Chickamauga 1 13,000 0 0
Fort Loudoun 1 762 0 0
Guntersville 8 33,000 0 0
Kentucky 4 23,264 1 2,264
Nickajack 2 1,189 0 0
Pickwick 4 122,448 2 35,899
Wheeler 5 31,430 2 5,390
Wilson 7 259,372 1 2,000%*
River subtotal 32 484 465 6 45,553

* Accident on 1/20/82 causing $250,000 damage to upstream vertical lift

gate was not counted.

(Sheet 1 of 3)




Table 4 (Continued)

All Accidents Miter Gates Onf;
District River Lock Name Total Cost, § Total Cost, $
ORN (Con— Cumberland Cheatham 1 1,500 0 0
tinued)
River subtotal 1 1,500 0 0
District total 33 485,965 6 45,553
ORP Ohio Dashields 1 2,077 *% *%
Emsworth 11 47,643 *% *k
Hannibal 3 3,620 *k *%
Montgomery "0 74,323 *% *%
New Cumberland 4 90,567 *% *%
Pike Island 3 3,325 *Kk *%
Piver subtotal 32 221,555
Allegheny Lock 2 1 3,635 *% *%
Lock 3 2 6,952 *% *%
Lock 5 1 4,087 *% *%
River subtotal 4 14,674
Monongahela Lock 2 2 1,061 ** *%
Lock 3 6 14,449 6 14,449
Lock 4 4 36,935 3 35,902
Lock 7 7 90,820 *% %%
Lock 8 2 5,950 *% *%
Maxwell 2 256,725 1 161,225
River subtotal 23 405,940 10 211,576
District total 59 642,169 *% *%
NCR Upper Lock 11 7 151,900 5 129,400
Mississippi Lock 12 7 306,000 6 256,000
Lock 13 2 70,000 2 70,000
Lock 14 10 82,400 7 76,100
Lock 15 14 517,300 5 203,500
Lock 16 3 7,200 2 4,700
Lock 17 10 964,500 8 936,500
Lock 18 19 188,000 12 179,700
Lock 19 12 76,855 2 8,300
Lock 20 7 10,400 4 7,000
Lock 21 8 684,527 5 672,800
Lock 22 25 915,350 18 475,600

~J
oA

River subtotal 124 3,974,432 3,019,600

(Continued)

** Records pertaining to miter gate accidents were incomplete.
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Table 4 (Concluded)

All Accidents Miter Gates Only
District River Lock Name Total Cost, $ Total Cost, §$
NCR (Con- Illinois Brandon Road 1 3,300 0 0
tinued) Dresdon Island 1 1,000 1 1,000
La Grange 4 50,900 1 3,400
Lockport 3 19,850 2 2,850
Marseilles 2 315,000 0 0
Peoria 4 436,500 2 402,500
Starved Rock 5 24,700 3 11,700
T. J. O'Brien 1 9,000 0 0
River subtotal 21 860,250 9 421,450
District total 145 4,834,682 85 3,441,050
1LMS Upper Lock 24 26 694,027 18 681,631
Mississippi Lock 25 29 708,018 15 672,331
Lock 26 21 327,529 9 46,598
Lock 27 21 95,228 16 80,060
kiver subtotal 97 1,824,802 58 1,480,620
Kaskaskia Kaskask.a 1 2,776 1 2,776
River subtotal 1 2,776 1 2,776
District total 98 ,827,578 59 1,483,396
NCS Upper Lock 1 2 769 1 504
Mississippi Lock 2 7 11,518 4 5,442
Lock 3 26 109,818 14 30,806
Lock 4 15 91,865 12 14,901
Lock 5 16 120,705 7 12,630
Lock 5A 12 41,380 11 25,551
Lock 6 18 19,901 15 16,113
Lock 7 13 28,469 13 28,469
Lock 8 21 44 821 16 30,580
Lock 9 30 566,641 28 466,956
Lock 10 12 83,355 10 21,728
Upper

St. Anthony
Falls 1 1,430 0 0
River subtotal 173 1,120,672 134 653,680
District total 173 1,120,672 134 653,680
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Table 5

Locks with the Most Number of Accidents

All Accidents Miter Gates Only

Number Number

Lock Name District Number per Year Number per Year
Gali.polis ORH 52 4.7 33 3.0
Lock 9 NCS 30 3.0 28 2.8
Lock 8 NCS 21 2.1 19 1.9
Lock 24 1MS 26 3.7 18 2.6
Lock 22 NCR 25 2.5 18 1.8
Lock 27 LMS 21 3.0 16 2.3
Lock 25 1MS 29 4.1 15 2.1
Lock 6 NCS 18 1.8 15 1.5
Lock 3 NCS 26 2.6 14 1.4
Lock 7 NCS 13 1.3 13 1.3

Table 6

Locks with the Highest Average Cost Per Accident

Cost, S/Accident

Lock Name District All Accidents Miter Gates Only
Lock 21 NCR 85,566 134,560
Lock 17 NCR 96,450 117,063
Wiliow Island ORH 52,076 72,407
Meldahl ORH 35,759 45,390
Gallipolis ORH 33,612 45,283
Lock 25 IMS 24,410 44,822
Lock 12 NCR 43,714 42,667
Lock 15 NCR 36,950 40,700
Lock 24 LMS 26,693 37,868
Lock 22 NCR 36,614 26,422

Note: Locks must have minimum of five acci:lents to miter gates.




Table 7

Locks with the Highest aAverage Annual Damages

Average Annual

Lock Name District Damages, $
Gallipolis ORH 158,892
Lock 25 1MS 101,145
Lock 24 LMS 99,147
Lock 17 NCR 96,450
Lock 22 NCR 91,350
Lock 21 NCR 68,453
Lock 9 NCS 56,664
Lock 15 NCR 51,730
Lock 26 LMS 46,790
Lock 52 ORL 45,670
Meldahl ORH 45,511
Table 8

Locks with the Highest Average Annual

Damages to Miter Gates

Lock Name

Gallipolis
Lock 24
Lock 25
Lock 17
Lock 21
Lock 272
Lock 9

Me ldahl

Peoria

Willow Island

District

ORH

Average Annual

Damages,

S

135,849
97,376
96,047
95,650
67,280
47,560
46,696
45,390
40,250

'

v G




Table 9

Locks with the Highest Total Damages

Lock Name

Gallipolis
Lock 17
Lock 22
Lock 25
Lock 24
Lock 21
Lock 9
Lock 15
Meldahl

Peoria

District

ORH

Total, $

1,747,811
964,500
915,350
708,018
694,027
684,527
566,641
517,300
500,623
436,500




Table 10
Catastrophic Accidents

Cost of Repairs Struck
Lock Name Date or Damages, § Miter Gate
Huntington
Gallipolis 04/01/77 202,868 Yes
05/01/77 112,099 Yes
12,08/77 78,190 No
01/10/79 66,815 No
06,/13/80 64,622 Yes
03/17/81 85,586 Yes
04/02/84 382,931 Yes
04/27/84 280,364 Yes
08,/04/85 209,285 Yes
Meldahl 07/11/79 400,000 Yes
Willow Island 03/31/84 344,431 Yes
Winfield 04,/01/85 76,012 Yes
Louisvilie
Lock 52 12/17/81 294,252 No
Newburgh 03/22/83 61,465 Yes
Smithland 09/29/86 71,600 Yes
Uniontown 01,/03/79 56,558 Yes
Nashville
Pickwick 03/14/87 75,000 No
Wilson 01/20/82 250,000 No
Pittsburgh
Maxwell 01/23/82 95,500 No
01/23/82 161,225 Yes
Rock Island
Lock 11 12/06/81 70,000 Yes
Lock 12 07/30/79 85,000 Yes
08/21/79 50,000 Yes
04/05/81 50,000 Yes
04/16/81 50,000 Yes
06/25/84 50,000 No
Lock 13 04/22/82 50,000 Yes
Lock 14 11/04/82 65,000 Yes
Lock 15 05/09/79 150,000 No
05/03/81 150,000 No
08/07/85 125,000 Yes
(Continued)




Table 10 (Concluded)

Cost of Repairs Struck
Lock Name Date or Damages, $ Miter Gate

Rock Island (Continued)

Lock 17 08/12/80 210,000 Yes
11/06/80 160,000 Yes
03/27/84 100,000 Yes
04/02/85 450,000 Yes
Lock 18 04,/07/80 75,000 Yes
09/11/80 55,000 Yes
Lock 21 08/17/79 61,300 Yes
12/02/80 160,000 Yes
06/28/82 200,000 Yes
09/27/83 250,000 Yes
Lock 22 08/29/79 368,300 No
09/19/79 65,000 Yes
08/09/81 100,000 Yes
05/26/82 50,000 Yes
10/14/82 150,000 Yes
08/25/84 75,000 Yes
Marseilles 05/24/84 300,000 No
Peoria 11/24/81 400,000 Yes
St. Louis
Lock 24 07/26/80 208,565 Yes
03/22/84 197,295 Yes
05/27/86 225,504 Yes
Lock 25 08/24/85 600,378 Yes
Lock 26 08/23/83 55,470 No
01/29/85 136,215 No
Lock 27 07/21/84 53,941 Yes
St. Paul
Lock 4 08/31/85 76,273 No
Lock 5 07/30/82 52,134 No
Lock 9 07/04/78 99,237 No
11/23/81 419,655 Yes

Lock 10 10/10/80 59,663 No




Table 11

Data Items Found in PMS Report 18

Vessel name

Direction

Number of loaded barges
Cargo tonnage

Arrival: month/day/hour/minute
Wait time

Lockage time

Number of cuts for lockage
Processing time

Stall code

Duration of stall

Transit time

Exceptional performance: Time that vessel
or lock processing time is better or
poorer than average for approach, entry,
exit, or chambering




Table 12

Miter Gate Accidents

Lock 24, Mississippi River
Amount of PMS Report
Date Damage, $ Available
April 6, 1980 1,179 No
May 28, 1980 2,182 Yes
July 26, 1980 208,565 Yes
September 7, 1981 436 Yes
October 12, 1981 5,826 Yes
March 20, 1982 2,154 Yes
March 23, 1982 667 Yes
April 9, 1982 1,089 Yes
July 5, 1982 7,531 Yes
November 5, 1983 13,241 No
November 14, 1983 1,000 No
December 16, 1983 5,512 No
March 22, 1984 197,295 Yes
September 24, 1984 2,387 Yes
November 24, 1984 5,597 No
April 15, 1985 426 Yes
May 18, 1986 680 Yes
May 27, 1986 225,504 Yes
Table 13
Miter Gate Accidents
Lock 25, Mississippi River
Amount of PMS Report
Date Damage Available
June 16, 1980 542 Yes
October 21, 1980 573 No
June 10, 1981 1,073 Yes
August 23, 1981 718 No
November 12, 1981 623 Yes
June 29, 1982 20,935 Yes
February 10, 1983 669 No
March 20, 1983 1,596 No
May 27, 1983 1,250 Yes
March 12, 1984 7,291 No
June 29, 1984 10,130 Yes
October 13, 1984 22,614 Yes
July 3, 1985 1,012 Yes
August 24, 1985 600,378 Yes




Towboat Delays Before and After Selected Miter Gate Accidents

Table 14

Lock

Lock 24
Lock 24
Lock 24
Lock 25
Lock 25

Damage
Estimate
Month $

7/80 208,565
9/84 2,387
5/86 680
5/83 1,250
7/85 1,012

Average Delay in Hours

30 Vessels
Before Accident

Next Vessels
After Accident

2.43
3.26
2.59
3.21
14.08

5 10
5.30 4.34
2.28 2.34
1.77 1.70
4 .80 2.82

66.30 40.03

w NNu

30.

20
.56
.24
14
.10

20




APPENDIX A: BARRIER DESIGN
Note: All elevations (el) cited in this

appendix are in feet referred to
the National Geodetic Vertical Datum.
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APPENDIX B:

PMS LOCK VOLUME DATA

Bl




Table Bl

Lock Volume Data

July—September 1983

River Lock Months Lockages Barges Tonnage
St. Llouis

Mississippi 24 2124 15796 13145
25 2081 15825 13182

26 2698 19193 16707

Auxiliary Lock 26 1834 4679 4397

27 2201 23926 21321

Auxiliary Lock 27 903 1825 1466

Kaskaskia Kaskaskia 371 970 728

Rock Isiand

Mississippi 11 1230 10044 8320
12 1327 10822 8996

13 1355 10835 8997

14 1811 13153 10602

Auxiliary Lock 14 0 0 0

15 1961 12705 10623

Auxiliary Lock 15 357 320 219

16 2053 13813 11627

17 2057 14484 12162

18 2003 14778 12402

19 1221 15078 12600

Auxiliary Lock 19 0 0 0

20 2134 15248 12718

21 2104 15363 12836

22 2087 15453 12997

Illinois T. J. O'Brien 763 1953 1765
Lockport 1036 5056 4611

Brandon 1063 5141 4722

Dresden Island 978 5453 5226

Marseilles 985 5390 5445

Starved Rock 1021 5802 5869

Peoria 1069 7553 7516

La Grange 1072 7542 7719

St. Paul

Mississippi 1 657 1070 799
Auxiliary Lock 1 2 3 2 0

2 1056 8583 6536

Auxiliary Lock 2 0 0 0

3 906 7914 6058

(Continued)
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Table Bl (Continued)

Julvy—-September 1983

River Lock Months Lockages Barges Tonnage
Mississippi 4 910 8255 6407
(Continued) 5 928 8209 6446
5A 943 8181 6409
6 972 8902 6969
7 987 8907 7005
8 1004 8987 7136
9 996 9161 7464
10 1185 10125 8168
Upper St. Anthony
Falls 492 693 511
Lower St. Anthony
Falls 610 1071 781
Huntington
Kanawha Winfield 1 1531 2385 1906
Winfield 2 1514 2705 1480
Marmet 1 995 1646 1239
Marmet 2 659 1215 517
London 1 129 183 88
London 2 446 677 415
Ohio Belleville 678 7051 7042
Belleville Auxiliary 98 243 101
Racine 785 7925 7390
Racine Auxiliary 128 352 146
Gallipolis 1167 6740 6539
Gallipolis Auxiliary 322 1046 864
Greenup 321 3220 2825
Greenup Auxiliary 1065 6840 5863
Meldahl 924 9777 9148
Meldahl Auxiliary 64 168 87
Willow Island 686 6773 6490
Willow Island
Auxiliary 205 500 205
Louisville
Green 1 673 2494 2017
2 546 2060 1540
Ohio Markland 833 8397 8126
Markland Auxiliary 170 877 764
McAlpine 681 5315 5614
McAlpine Auxiliary 10 719 3975 3994
Cannelton 1008 9846 10096

(Continued)
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Table Bl (Continued)

July—-September 1983

River Lock Months Lockages
Louisville (Continued

Ohio Cannelton Auxiliary 66
(Continued)  Newburgh 1171
Newburgh Auxiliary 172

Uniontown 1117

Uniontown Auxiliary 118

Smithland 703

Smithland Auxiliary 760

52 937

Auxiliary Lock 52 792

Nashville

Cumberland Barkley 163
Cheatham 199

Cordell Hull 0

0l1d Hickory 85

Tennessee Melton Hill 2
Kentucky 1362

Pickwick 675

Pickwick Auxiliary

Wilson 424

Wilson Auxiliary 1 61

Wheeler 324

Wheeler Auxiliary 23

Guntersville 316

Guntersville Auxiliary 3

Nickajack 367

Chickamauga 248

Watts Bar 128

Fort Loudoun 68

Pittsburgh

Allegheny 2 950
3 1033

4 947

5 711

6 603

7 85

8 267

9 0

(Continued)

B4

Barges Tonnage

151 70
10931 10462
291 176
12067 11422
209 147
6950 8021
7633 5087
12348 11640
3996 3688
1227 543
1105 845
0 0

106 75

0 0
8123 6691
4758 3768
2345 1942
84 60
2176 1794
130 106
2036 1619
1 0
2111 1546
646 564
360 347
124 122
1612 566
1652 581
1392 368
1232 260
1237 260
146 31

0 0

0 0
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Table Bl (Continued)

July-September 1983

River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 953 5138 3124
Auxiliary Lock 2 675 456 145
3 1461 7355 3884
Auxiliary Lock 3 802 384 141
4 1208 6383 3239
Auxiliary Lock 4 469 117 29
Maxwell 771 3059 759
Maxwell Auxiliary 795 2942 2298
7 1874 4469 2193
8 1600 3927 2947
Morgantown 240 477 225
Hildebrand 202 96 50
Opekiska 128 31 14
Ohio Emsworth 1091 4298 2810
Emsworth Auxiliary 629 1322 782
Dashields 966 5444 3475
Dashields Auxiliary 631 226 98
Montgomery 1017 5611 3906
Montgomery Auxiliary 510 156 54
New Cumberland 567 4839 4302

New Cumberland
Auxiliary 540 766 382
Pike Island 660 5859 5499

Pike Island

Auxiliary 552 713 351
Hannibal 368 3677 3235
Hannibal Auxiliary 590 3629 3160

(Continued)
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Table Bl (Continued)

October—-Decembexr 1984

River Lock Months Lockages
St. Louis
Mississippi 24 1449
25 1434
26 2501
Auxiliary Lock 26 1417
27 2142
Auxiliary Lock 27 688
Kaskaskia Kaskaskia 459
Rock Island

Mississippi 11 677
12 759
13 770
14 1071

Auxiliary Lock 14
15 1107
Auxiliary Lock 15 255
16 1294
17 1186
18 1228
19 758

Auxiliary Lock 19
20 1358
21 1384
22 1380
Illinois T. J. O'Brien 693
Lockport 1133
Brandon 1242
Dresden Island 1121
Marseilles 1161
Starved Rock 1230
Peoria 1404
La Grange 1224

St. Paul
Mississippi 1 2 428
Auxiliary Lock 1
2 669
Auxiliary Lock 2
3 2 519
4 555
5 2 561
(Continued)

B6

Barges Tonnage
9281 9391
9287 9500
16984 16449
2958 2852
20048 19612
1459 1203
1408 907
4337 4747
4874 5300
4912 5343
6161 6271
5991 6292

243 150
7127 7276
7259 7549
7572 7842
8255 8523
8482 8671
8628 8791
8821 9051
1735 1556
5014 4563
5097 4668
5185 5037
5312 5342
5962 5864
8526 8065
9388 8896

741 550
3700 3583
3135 3211
3365 3505
3365 3509

(Sheet 5 of 40)




Table Bl (Continued)

October-December 1984

River Lock Months Lockages Barges Tonnage
St. Paul (Continued)
Mississippi 5A 2 526 3352 3467
(Continued) 6 582 3848 3956
7 626 3865 3961
8 597 4009 4153
9 571 3850 4241
10 639 4348 4694
Upper St. Anthony
Falls 2 297 380 315
Lower St. Anthony
Falls 2 430 742 562
Huntington
Kanawha Winfield 1 2496 4151 2808
Winfield 2 244 433 158
Marmet 1 883 1352 300
Marmet 2 596 824 352
London 1 358 357 245
London 2 117 118 80
Ohio Belleville 685 7483 7012
Belleville Auxiliary 101 310 134
Racine 755 8087 7355
Racine Auxiliary 141 438 192
Gallipolis 1348 7622 7295
Gallipolis Auxilia.y 125 157 97
Greenup 1084 10063 9332
Greenup Auxiliary 240 273 151
Meldahl 968 10249 9915
Meldahl Auxiliary 100 230 133
Willow Island 666 7046 6340
Willow Island
Auxiliary 192 509 233
Louisville
Green 1 659 2594 2031
2 414 1772 1328
Ohio Markland 1050 10181 10428
Markland Auxiliary 72 124 67
McAlpine 1308 10650 11365
McAlpine Auxiliary
Cannelton 1118 11276 12030

(Continued)
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Table Bl (Continued)

October—December 1984

River Lock Months Lockages Barges Tonnage
Louisville (Concinued)
Ohio Cannelton Auxiliary 79 206 146
(Continued) Newburgh 1368 13642 13302
Newburgh Auxiliary 274 544 305
Uniontown 1481 16350 15971
Uniontown Auxiliary 125 247 135
Smithland 931 9424 11686
Smithland Auxiliary 897 8982 5631
52 339 20371 18905
Auxiliary Lock 52 1 215 607 622
Nashville
Cumberland Barkley 210 1380 600
Cheatham 199 1089 822
Cordell Hull 28 38 27
0l1d Hickory 91 103 95
Tennessee Melton Hill 0 0 0
Kentucky 1359 8042 6553
Pickwick 439 3487 2839
Pickwick Auxiliary 292 1713 1298
Wilson 411 2034 1734
Wilson Auxiliary
Wheeler 339 1987 1664
Wheeler Auxiliary 6 1 2
Guntersville 337 1881 1503
Guntersville
Auxiliary 4 0 0
Nickajack 375 2129 1552
Chickamauga 276 585 467
Watts Bar 175 300 276
Fort Loudoun 103 138 133
Pittsburgh
Allegheny 2 759 1682 628
3 820 1740 646
4 699 1828 514
5 416 1534 326
6 412 1469 312
7 106 169 37
8 220 192 186
9 1 10 0 0
(Continued)
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Table Bl (Continued)

October—December 1984

River Lock Months Lockages
Pittsburgh (Continued)

Monongahela 2 760
Auxiliary Lock 2 361
3 1033
Auxiliary Lock 3 334
4 963
Auxiliary Lock 4 142
Maxwell 441
Maxwell Auxiliary 385
7 1523
8 1332
Morgantown 117
Hildebrand 39
Opekiska 17
Ohio Emsworth 968
Emsworth Auxiliary 474
Dashields 962
Dashields Auxiliary 384
Montgomery 818
Montgomery Auxiliary 817
New Cumberland 481

New Cumberland
Auxiliary 367
Pike Island 590

Pike Island

Auxiliary 311
Hannibal 583
Hannibal Auxiliary 145

(Continued)

R9

Barges Tonnage
4028 2578
362 119
5142 2823
243 92
5118 2694
129 31
2471 578
2290 1936
3757 1910
3281 1685
431 200
95 50
10 5
4984 3240
375 140
5531 3556
266 100
4398 2930
1160 790
4733 4096
737 390
6406 5366
708 403
6590 5828
339 216
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Table Bl (Continued)

April-June 1985

River Lock Months Lockages Barges Tonnage
St. louis
Mississippi 24 1338 9617 9094
25 1317 9620 9149
26 2399 15922 15376
Auxiliary Lock 26 911 1474 1358
27 2350 19230 18701
Auxiliary Lock 27 0 0 0
Kaskakia Kaskaskia 568 1589 1084
Rock Island

Mississippi 11 809 5717 5516
12 857 6287 609
13 873 6307 6113
14 1234 7806 7232
Auxiliary Lock 14 2 3 0 0
15 1275 7445 7209
Auxiliary Lock 15 148 115 34
16 1238 8063 7704
17 1236 8475 8158
18 1201 8725 8416
19 794 9023 8598

Auxiliary Lock 19
20 1363 9104 8627
21 1286 9072 8650
22 1289 9170 8789
Illinois T. J. O’Brien 752 1824 1632
Lockport 1076 4697 4089
Brandon 1160 4777 4233
Dresdon Island 1037 5183 4864
Marseilles 1025 5326 5212
Starved Rock 1097 5798 5634
Peoria 668 7411 7159
La Grange 518 7105 7151

St. Paul

Mississippi 1 572 835 618

Auxiliary Lock 1
2 836 5628 4738

Auxiliary Lock 2
3 657 4839 4178
4 660 5060 5369
5 69U <y 4345

(Continued)

B10O

(Sheet 9 of 40)




Table Bl (Continued)

April—June 1985

River Lock Months Lockages
St. Paul (Continued)

Mississippi SA 2 823
(Continued) 6 695
7 693
8 714
9 696
10 757

Upper St. Anthony
Falls 424

Lower St. Anthony
Falls 550

Huntington
Kanawha Winfield 1 2885
Winfield 2 964
Marmet 1 1497
Marmet 2 651
London 1 2 155
London 2 647
Ohio Belleville 821
Belleville Auxiliary 103
Racine 886
Racine Auxiliary 116
Gallipolis 1548
Gallipolis Auxiliary 118
Greenup 1164
Greenup Auxiliary 94
Meldahl 979
Meldahl Auxiliary 108
Willow Island 796
Willow Island
Auxiliary 193
Louisville

Green 1 814
2 648
Ohio Markland 993
Markland Auxiliary 120
McAlpine 1301

McAlpine Auxiliary
Canneliovn 1194

(Continued)

B11

Barges Tonnage
4961 4336
5273 4660
5284 4666
5442 4858
5379 5211
5699 5393

515 399
837 623
4225 3184
1531 923
2229 1553
968 465
156 130
726 494
9349 8765
330 175
10031 9071
323 166
8770 8690
158 85
10823 10054
120 49
10695 10184
313 220
8847 8145
596 251
3491 2799
2481 1852
9428 10044
645 684
10724 12026
11793 12620
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Table Bl (Continued)

April-June 1985

River Lock Months Lockages
Louisville (Continued)
Ohio Cannelton Auxiliary 31
(Continued) Newburgh 1447
Newburgh Auxiliary 238
Uniontown 1493
Uniontown Auxiliary 105
Smithland 922
Smithland Auxiliary 876
52 184
Auxiliary Lock 52 143
Nashville

Cumberland Barkley 217
Cheatham 246
Cordell Hull 39
0ld Hickory 99
Tennessee Melton Hill 0
Kentucky 1351
Pickwick 472
Pickwick Auxiliary 2 267
Wilson 450

Wilson Auxiliary
Wheeler 384
Wheeler Auxiliary 6
Guntersville 306

Guntersville
Auxiliary 2
Nickajack 374
Chickamauga 192
Watts Bar 100
Fort Loudoun 86
Pittsburgh

Allegheny 2 646
3 667
4 670
5 439
6 449
7 29
8 196
9 2 0

“Continued)

B12

Barges Tonnage
28 6
14405 14371
504 239
15993 15841
199 131
9052 10700
8939 6739
20703 19611
382 315
1545 840
1480 1116
80 55
130 90
0 1
8057 6598
3828 3058
1765 1397
2372 2101
2262 1972
1 1
1875 1559
0 0
1985 1515
579 453
288 253
153 144
1629 609
1644 622
1896 580
1631 344
1578 336
57 14
183 141
0 0
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Table Bl (Continued)

April—-June 1985

River Lock Months Lockages
Pittsburgh (Continued)

Monongahela 2 1165
Auxiliary Lock 2 485
3 1619
Auxiliary Lock 3 632
4 1397
Auxiliary Lock 4 279
Maxwell 676
Maxwell Auxiliary 632
7 2063
8 1722
Morgantown 219
Hildebrand 153
Opekiska 39
Ohio Emsworth 1327
Emsworth Auxiliary 578
Dashields 1112
Dashields Auxiliary 807
Montgomery 1383
Montgomery Auxiliary 226
New Cumberland 669

New Cumberland
Auxiliary 461
Pike Island 807

Pike Island

Auxiliary 329
Hannibal 715
Hannibal Auxiliary 125

(Continued)

B13

Barges Tonnage
7036 4u47
516 225
8107 4393
476 226
7483 3957
390 185
3771 1039
3682 2880
5023 2659
4172 2239
804 400
370 198
87 43
7388 4936
431 191
6958 4597
1142 719
7856 5502
93 36
7031 5774
1458 823
8757 7540
691 279
8429 7883
378 165
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Table Bl (Continued)

July—-September 1985

River Lock Months Lockages
St. Louis
Mississippi 24 1144
25 1075
26 13962
Auxiliary Lock 26 867
27 2215
Auxiliary Lock 27 0
Kaskaskia Kaskaskia 404
Rock Island
Mississippi 11 636
1 658
13 675
14 976
Auxiliary Lock 14 6
15 1086
Auxiliary Lock 15 184
16 1013
17 913
18 906
19 657
Auxiliary Lock 19
20 1056
21 1022
22 1072
Illinois T. J. O'Brien 704
Lockport 1083
Brandon 1132
Dresden Island 1020
Marseilles 986
Starved Rock 1008
Feoria 1169
La Grange 1106
St. Paul
Mississippi 1 353
Auxiliary Lock 1
2 759
Auxiliary Lock 2
3 599
4 595
5 613
(Continued)

Bl4a

Barges Tonnage
8160 8611
8128 8617
2125 14544
1214 1102

17498 18011
0 0
943 672
5132 5280
5396 5612
5384 5630
6368 6493
0 0
6137 6537
141 55
6634 7025
6881 7350
7014 7482
7277 7773
7397 7926
7549 8098
7781 8309
1755 1551
4867 4172
4945 4355
5275 4921
5266 5128
5591 5462
6900 6842
6608 6882
884 678
5574 4832
4801 4352
4914 4473
4876 4447
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Table Bl (Continued)

July—September 1985

River Lock Months Lockages Barges Tonnage
St. Paul (Continued)
Mississippi 5A 780 4885 4472
(Continued) 6 622 5047 4757
7 644 5044 4743
8 573 5062 4897
9 549 4922 5011
10 599 5177 5187
Upper St. Anthony
Falls 389 577 462
Lower St. Anthony
Falls 515 879 677
Huntington
Kanawha Winfield 1 2145 3158 2428
Winrield 2 2039 3107 1832
Marmet 1 1202 1819 1380
Marmet 2 1092 1754 890
London 1 2 273 283 116
London 2 680 804 656
Ohio Belleville 691 7682 7532
Belleville Auxiliary 122 343 170
Racine 771 8344 7815
Racine Auxiliary 111 289 157
Gallipolis 1310 7438 7362
Gallipolis Auxiliary 2 289 891 900
Greenup 1122 11721 10761
Greenup Auxiliary 234 426 249
Meldahl 1094 11624 10888
Meldahl Auxiliary 2 68 176 135
Willow Island 675 7316 6916
Wiilow Island
Auxiliary 182 449 203
Louisville
Green 1 838 3118 2383
2 585 2225 1656
Ohio Markland 354 3739 3754
Markland Auxiliary 974 6417 6569
McAlpine 1142 10025 10547
McAlpine Auxiliary 2 213 1213 1323
Cannelton 1228 12415 12301
(Continued)
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Table Bl (Continued)

July~-September 1985

River Lock Montns Lockages Barges Tonnage
Louisville (Continued)
Ohio Cannelton Auxiliary 2 46 89 48
(Continued) Newburgh 1322 13831 13476
Newburgh Auxiliary 229 404 181
Uniontown 1365 15245 14507
Uniontown Auxiliary 136 237 120
Smithland 850 8551 10298
Smithland Auxiliary 903 9181 6122
52 1404 17751 16632
Auxiliary Lock 52 966 2546 2410
Nashville
Cumberland Barkley 198 1415 709
Cheatham 293 1456 1169
Cordell Hull 26 47 34
01d Hickory 98 136 103
Tennessee Melton Hill 1 0 0
Kentucky 1309 7681 6519
Pickwick 737 5861 4554
Pickwick Auxiliary
Wilson 469 2569 2147
Wilson Auxiliary
Wheeler 409 2456 2020
Wheeler Auxiliary 8 3 0
Guntersville 348 2239 1819
Guntersville
Auxiliary
Nickajack 392 2192 1606
Chickamauga 219 606 463
Watts Bar 116 275 261
Fort Loudoun 76 127 125
Pittsburgh
Allegheny 2 685 1832 699
3 704 1838 700
4 644 2001 561
5 442 1748 380
6 438 1585 339
7 59 127 34
8 366 357 282
9 2 0 0
(Continued)
(Shect 15 of 40)

B16




Table Bl (Continued)

July—-September 1985

River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)
Monongahela 2 980 6243 3885
Auxiliary Lock 2 485 509 185
3 1424 7231 3938
Auxiliary Lock 3 784 1626 860
4 1139 5970 3339
Auxiliary Lock 4 637 1828 924
Maxwell 654 3698 1005
Maxwell Auxiliary 625 3714 3013
7 2212 5742 3073
8 1924 4899 2672
Morgantown 292 1050 540
Hildebrand 184 630 337
Opekiska 103 203 104
Ohio Emsworth 1232 6922 4454
Emsworth Auxiliary 654 431 160
Dashields 1142 7416 4762
Dashields Auxiliary 487 321 132
Montgomery 1193 7699 5143
Montgomery Auxiliary 344 211 83
New Cumberland 628 6351 5221
New Cumberland
Auxiliary 443 908 486
Pike Island 661 6799 6129
Pike Island
Auxiliary 314 622 305
Hannibal 687 7453 6869
Hannibal Auxiliary 118 258 94

(Continued)
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Table Bl (Continued)

October—December 1985

River Lock Months Lockages Barges Tonnage
St. Louis
Mississippi 24 1037 6098 6448
25 1065 6153 6479
26 2257 14541 14835
Auxiliary Lock 26 1109 1587 1335
27 2340 18133 18063
Auxiliary Lock 27 0 0 0
Kaskaskia Kaskaskia 658 1575 1125
Rock Island
Mississippi 11 589 3059 3469
12 541 3272 3670
13 551 3261 3646
14 746 4086 4404
Auxiliary Lock 14
15 806 4058 4488
Auxiliary Lock 15 110 91 52
16 845 4398 4823
17 772 4594 5009
18 804 4619 5055
19 530 4886 5384
Auxiliary Lock 19
20 972 5078 5536
21 983 5522 5867
22 976 5689 6135
Illinois T. J. O'Brien 750 1828 1739
Lockport 1149 5021 4549
Brandon 1174 5124 4699
Dresden Island 1154 5363 5180
Marseilles 1244 5464 5509
Starved Rock 1254 5934 5930
Peoria 435 7995 7767
La Grange 409 8562 8504
St. Paul
Mississippi 1 2 309 492 354
Auxiliary Lock 1
2 2 541 3071 3111
Auxiliary Lock 2
3 2 429 2562 2783
4 477 2651 2890
5 432 2571 2812
(Continued)
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Table Bl (Continued)

October—December 1985

River Lock Months Lockages
St. Paul (Continued)
Mississippi S5A 459
(Continued) 6 461
7 487
8 450
9 444
10 524
Upper St. Anthony 2 230
Falls
Lower St. Anthony 2 324
Falls
Huntington
Kanawha Winfield 1 2372
Winfield 2 1822
Marmet 1 1514
Marmet 2 1289
London 1 317
London 2 736
Ohio Belleville 710
Belleville Auxiliary 90
Racine 781
Racine Auxiliary 87
Gallipolis 1565
Gallipolis Auxiliary
Greenup 1201
Greenup Auxiliary 247
Meldahl 1127
Meldahl Auxiliary 2 2
Willow Island 669
Willow Island Auxiliary 163
Louisville
Green 1 596
2 640
Ohio Markland 1113
Markland Auxiliary 103
McAlpine 1471
McAlpine Auxiliary
Cannelton 1258
(Continued)
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Barges

2583
2792
2798
2821
2822
3054
320

503

3533
2859
2038
1663
344
770

7987
243
8463
208
8476

12247
427
12000
37
7328
375

3484
2447

11843
202
13291

13236

Tonnage

2813
3042
3037
3073
3205
3418
237

355

2545
1598
1453
910
245
549

7633
124
7763
99
8548

11042
280
11356
10459
6787
185

2759
1847

11789
140
13858

13683

(Sheet 18 of 40)




Table Bl (Continued)

October—Decembeyxr 1985

River Lock Months Lockages Barges Tonnage
Louisville (Continued)
Ohio Cannelton Auxiliary 2 126 632 605
(Continued) Newburgh 1435 14852 14801
Newburgh Auxiliary 212 376 269
Uniontown 1646 18632 17236
Uniontown Auxiliary 109 165 92
Smithland 1056 10559 13177
Smithland Auxiliary 2 974 10552 6142
52 403 22318 20412
Auxiliary Lock 52 1 268 1214 1162
Nashville
Cumberland Barkley 2 125 661 336
Cheatham 2 201 1020 818
Cordell Hull 2 17 33 24
0ld Hickory 2 59 80 68
Tennessee Melton Hill 2 2 5 0
Kentucky 2 1007 5932 4936
Pickwick 2 477 3612 2836
Pickwick Auxiliary
Wilson 2 288 1314 1166
Wilson Auxiliary
Wheeler 2 182 984 903
Wheeler Auxiliary 2 75 234 200
Guntersville 2 204 1213 1033
Guntersville
Auxiliary 2 0 0 0
Nickajack 2 239 1329 996
Chickamauga 2 182 404 335
Watts Bar 2 104 228 209
Fort Loudoun 66 39 104
Pittsburgh
Allegheny 2 617 1294 520
3 654 1318 535
4 638 1543 467
5 387 1277 276
6 372 1134 233
7 33 45 9
8 215 201 161
9 1 10 0 0

(Continued)
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Table Bl (Continued)

October—December 1985

River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 937 4817 3135
Auxiliary Lock 2 245 242 104

3 1237 5814 3115

Auxiliary Lock 3 393 251 139

4 957 4834 2635

Auxiliary Lock 4 163 111 42

Maxwell 485 2615 982

Maxwell Auxiliary 2 263 1548 1261

7 1355 3377 1805

8 1196 2866 1547

Morgantown 175 591 296

Hildebrand 84 304 157

Opekiska 43 120 57

Ohio Emsworth 1082 5441 3735
Emsworth Auxiliary 415 327 145

Dashields 1006 5823 3900

Dashields Auxiliary 389 286 131

Montgomery 1116 6196 4279

Montgomery Auxiliary 267 159 65

New Cumberland 621 5823 4996

New Cumberland

Auxiliary 394 946 448

Pike Island 730 7104 6275

Pike Island Auxiliary 346 674 332

Hannibal 777 7697 6961

Hannibal Auxiliary 148 262 91

(Continued)
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Table Bl (Continued)

Total 1985
River Lock Months Lockages Barges Tonnage
St. louis
Mississippi 24 4339 26884 26100
25 4368 26931 26108
26 8488 54131 52815
Auxiliary Lock 26 3572 5153 4492
27 8775 67293 65137
Auxiliary Lock 27 0 0 0
Kaskaskia Kaskaskia 2075 5309 3775
Rock TIsland
Mississippi 11 10 2657 14696 14720
12 10 2740 16070 16053
13 10 2723 16070 16049
14 11 3559 19720 19048
Auxiliary Lock 14 5 0 0 0
15 11 3521 19129 19186
Auxiliary Lock 15 9 459 370 153
16 11 3798 20895 20708
17 11 3606 21942 21811
18 11 3717 22451 22293
19 11 2194 23627 23242
Auxiliary Lock 19
20 4099 24120 23663
21 4088 24938 24417
22 4092 25485 25074
Illinois T. J. O'Brien 2725 6542 5916
Lockport 3908 16603 14744
Brandon 4102 16936 15293
Dresden Island 3973 18022 17205
Marseilles 4130 18610 18557
Starved Rock 4313 20219 19976
Peoria 2861 27289 26605
La Grange 2439 28708 28539
St. Paul
Mississippi 1 9 1438 2251 1677
Auxiliary Lock 1 9
2 9 2694 14799 13025
Auxiliary Lock 2 9
3 9 2347 12743 22666
4 10 2360 13183 12070
(Continued)
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Table Bl (Continued)

Total 1985
River Lock Months Lockages Barges Tonnage
St. Paul (Continued)
Mississippi 5A 10 2632 12987 11964
(Continued) 5 10 2289 12943 11945
6 10 2384 13717 12823
7 10 2466 13725 12810
8 10 2307 13940 13161
9 10 2286 13755 13801
10 10 2549 14704 14461
Upper St. Anthony
Falls 9 1063 1448 1122
Lower St. Anthony
Falls 9 1404 2259 1683
Huntington
Kanawha Winfield 1 9371 13669 10340
Winfield 2 6314 9399 5323
Marmet 1 5693 7619 5491
Marmet 2 4342 5486 2786
London 1 10 1043 1064 696
London 2 2674 2706 1982
Ohio Belleville 2935 33065 31840
Belleville Auxiliary 352 1049 535
Racine 3169 35084 32706
Racine Auxiliary 364 969 509
Gallipolis 5808 32318 32218
Gallipolis Auxiliary 8 569 1143 1055
Greenup 4439 44481 40498
Greenup Auxiliary 798 1264 640
Meldahl 4129 44536 41799
Meldahl Auxiliary 10 244 664 464
Willow Island 2834 31133 29215
Willow Island
Auxiliary 628 1689 757
Louisville
Green 1 2766 13157 10418
2 2398 9244 6911
Ohio Markland 3427 35330 35901
Markland Auxiliary 1414 7350 7454
McAlpine 5072 45125 48213
McAlpine Auxiliary 2 220 1213 1323
Cannelton . 4689 48805 50615
(Continued)
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Table Bl (Continued)

Total 1985
River Lock Months Lockages Barges Tonnage
Louisville (Continued
Ohio Cannelton Auxiliary 10 282 924 766
(Continued) Newburgh 5472 56284 55668
Newburgh Auxiliary 809 1526 858
Uniontown 5993 66082 63325
Uniontown Auxiliary 408 694 413
Smithland 3702 36877 45050
Smithland Auxiliary 3607 37842 25129
52 2041 80737 75218
Auxiliary Lock 52 7 1382 4164 3900
Nashville
Cumberland Barkley 736 4703 2295
Cheatham 977 5144 4067
Cordell Huil 131 234 164
0l1d Hickory 358 436 320
Tennessee Melton Hill 1 5 1
Kentucky 5449 30693 25622
Pickwick 2019 15021 11816
Pickwick Auxiliary 5 1117 6349 5005
Wilson 1974 9045 7720
Wilson Auxiliary
Wheeler 1527 8326 7030
Wheeler Auxiliary 171 238 203
Guntersville 1498 7807 6399
Guntersville
Auxiliary 9 0 0 0
Nickajack 1580 8115 5994
Chickamauga 2405 2393 1852
Watts Bar 1233 1219 1079
Fort Loudoun 632 591 566
Pittsburgh
Allegheny 2 3002 5757 2333
3 3004 5832 2387
4 2556 5999 1902
5 11 1419 4935 1058
6 11 1401 4572 968
7 11 137 238 59
8 9 769 741 r.85
9 6 6 0 0
(Continued)
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Table Bl (Continued)

Total 1985
River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 3867 22378 14333
Auxiliary Lock 2 1857 2169 991

3 5606 27715 15022

Auxiliary Lock 3 2239 2728 1380

4 4650 24446 13143

Auxiliary Lock 4 1447 2490 1200

Maxwell 2428 13413 3918

Maxwell Auxiliary 11 2027 11736 9354

7 7788 18786 9831

8 6679 15838 8379

Morgantown 778 2762 1388

Hildebrand 435 1479 779

Opekiska 11 189 422 209

Ohio Emsworth 4683 24781 16650
Emsworth Auxiliary 1952 1445 594

Dashields 4148 24932 16682

Dashields Auxiliary 2348 2325 1227

Montgomery 4704 26852 18769

Montgomery Auxiliary 1044 611 244

New Cumberland 2518 24200 20500

New Cumberland

Auxiliary 1565 4178 2273

Pike Island 2946 29755 26204

Pike Island Auxiliary 1124 2307 1106

Hannibal 2819 30919 28684

Hannibal Auxiliary 423 1026 414

(Continued)
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Table Bl (Continued)

April—-June 1986

River Lock Months Lockages Barges Tonnage
St. louis
Mississippi 24 1412 8822 8791
25 1421 8799 8774
26 2360 15438 15939
Auxiliary Lock 26 1010 1106 769
27 1829 17339 17520
Auxiliary Lock 27 665 1093 830
Kaskaskia Kaskaskia 477 1346 944
Rock Island
Mississippi 11 10 861 4557 4816
12 10 941 5143 5380
13 10 948 5188 5378
14 10 1121 6223 6301
Auxiliary Lock 14 8 0 0 0
15 10 1253 6269 6439
Auxiliary Lock 15 10 188 134 60
16 10 1321 6990 7094
17 10 1201 7207 7476
18 10 1211 7437 7644
19 10 715 7867 7883
Auxiliary Lock 19
20 10 1273 8034 8046
21 1374 8268 8253
22 13417 8047 8411
I1linois T. J. O'Brien 726 2051 1768
Lockport 1188 5512 4882
Brandon 1203 5509 4950
Dresden Island 1204 5828 5527
Marseilles 1188 5693 5751
Starved Rock 1212 5984 6034
Peoria 558 7711 7692
La Grange 418 7022 7501
St. Paul
Mississippi 1 10 569 798 514
Auxiliary Lock 1 10
2 10 802 3922 3751
Auxiliary Lock 2 10
3 10 719 3513 3476
4 10 729 3707 3603
5 10 718 3678 3631
(Continued)
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Table Bl (Continued)

April—-June 1986

River Lock Months Lockages
St. Paul (Continued)

Mississippi 5A 10 797
(Continued) 6 10 758
7 10 855
8 10 771
9 10 757
10 10 838

Upper St. Anthony
Falls 10 328

Lower St. Anthony
Falls 10 556

Huntington
Kanawha Winfield 1 2508
Winfield 2 2230
Marmet 1 1944
Marmet 2 1364
London 1 712
London 2 478
Ohio Belleville 741
Belleville Auxiliary 108
Racine 827
Racine Auxiliary 130
Gallipolis 1497
Gallipolis Auxiliary 9 347
Greenup 1044
Greenup Auxiliary 461
Meldahl 1098
Meldahl Auxiliary 11 91
Willow Island 741
Willow Island
Auxiliary 202
Louisville

Green 1 751
2 518
Ohio Markland 1071
Markland Auxiliary 127
McAlpine 1392
McAlpine Auxiliary 8 44
Cannelton 1262

(Cuntinued)

B27

Barges Tonnage
3687 3627
3990 3958
3995 3949
4145 4124
4127 4450
4483 4787

347 262
783 518
3822 2755
3523 2000
2386 1713
1742 1001
736 568
484 307
8826 8575
313 176
9502 8948
405 219
8849 8798
745 737
10825 9950
1837 1529
12476 11783
145 94
8533 7948
670 320
2768 2200
1947 1446
11658 11894
245 159
12672 13682
101 98
13518 14052
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Table Bl (Continued)

April—June 1986

River Lock Months Lockages
Louisviii. (Continued)
Ohio Cannelton Auxiliary 151
(Continued) Newburgh 1468
Newburgh Auxiliary 310
Uniontown 1623
Uniontown Auxiliary 200
Smithland 933
Smithland Auxiliary 1034
52 693
Auxiliary Lock 52 10 403
Nashville
Cumberland Barkley 759
Cheatham 318
Cordell Hull 8
01d Hickory 140
Tennessee Melton Hill 11 18
Kentucky 1042
Pickwick 843
Pickwick Auxiliary
Wilson 599
Wilson Auxiliary
Wheeler 493
Wheeler Auxiliary 9
Guntersville 478
Guntersville
Auxiliary 1
Nickajack 451
Chickamauga 736
Watts Bar 458
Fort Loudoun 160
Pittsburgh
Allegheny 2 756
3 713
4 586
5 384
6 101
7 97
8 8 8
9 8 3
(Continued)
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Barges Tonnage
282 143
15900 15186
611 415
17944 17162
301 192
9412 11382
10848 7622
21985 20382
1140 1015
4853 3474
1617 1224
215 163

2 0
6173 5176
6466 5077
2862 2487
2733 2277
2592 1999
0 0
2181 1604
735 572
468 374
148 144
1524 555
1538 560
1383 404
1155 266
158 54
157 56

5 1

0 0
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Table Bl (Continued)

April—June 1986

River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 1117 6685 4334
Auxiliary Lock 2 375 381 160

3 1657 8244 4710

Auxiliary Lock 3 617 418 206

4 1380 7139 4047

Auxiliary Lock 4 299 361 158

Maxwell 616 3676 966

Maxwell Auxiliary 570 3371 2892

7 2086 5213 2823

8 1757 4340 2382

Morgantown 278 880 445

Hildebrand 116 382 200

Opekiska 41 118 46

Ohio Emswortl. 1246 7036 4688
Emsworth Auxiliary 602 447 186

Dashields 1188 7502 4946

Dashields Auxiliary 473 439 227

Montgomery 1556 8317 5517

Montgomery Auxiliary 10 30 12 8

New Cumberland 688 7030 5821

New Cumberland 11 447 1102 558

Pike Island 776 8383 7370

Pike Island Auxiliary 11 380 937 448

Hannibal 717 823" 7944

Hannibal Auxiliary 11 130 414 208

(Continued)
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Table Bl (Continued)

River

Mississippi

Kaskaskia

Mississippi

Illinois

Mississippi

October—-December 1986

Lock Months Lockages Barges Tonnage
St. Louis
24 1247 7654 7879
25 1307 7692 7898
26 2125 14774 14893
Auxiliary Lock 26 1451 2878 267 ]
27 1857 18205 18252
Auxiliary Lock 27 716 1432 1085
Kaskaskia 377 955 723
Rock Island
11 456 255G 2983
12 502 3040 3504
13 536 3030 3522
14 812 4323 47€2
Auxiliary Lock 14
15 853 4306 4891
Auxiliary Lock 15 81 91 51
16 919 4901 5423
17 903 5227 5818
18 929 5407 6009
19 579 6009 6597
Auxiliary Lock 19
20 1136 6338 6849
21 1199 6992 7279
22 1180 7201 7530
T. J. O'Brien 548 1678 1539
Lockport 1039 4764 4250
Brandon 1028 4815 4325
Dresden Island 982 5134 4860
Marseilles 1006 5217 5144
Starved Rock 1102 5639 5549
Peoria 12 7795 7570
La Grange 41 8430 8232
St. Paul
1 273 452 267
Auxiliary Lock 1
2 401 1901 2015
Auxiliary Lock 2
3 384 1872 2005
! 401 2022 2146
5 392 2003 2122
(Continued)
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Table Bl (Continued)

River

Mississippi
(Continued)

Kanawha

Ohio

Green

Ohio

October—December 1986

— Lock Months Lockages Barges Tonnage
St. Paul (Continued)
SA 415 2023 2155
6 453 2317 2467
7 460 2296 2442
8 467 2457 2611
9 457 2404 2764
10 526 2595 2954
Upper St. Anthony
Falls 201 227 162
Lower St. Anthony
Falls 319 497 306
Huntington
Winfield 1 1732 2851 2116
Winfield 2 2114 3429 1969
Marmet 1 1584 2301 1544
Marmet 2 967 1345 717
London 1 207 230 219
London 2 798 865 541
Belleville 655 7571 7255
Belleville Auxiliary 73 192 99
Racine 737 8080 7599
Racine Auxiliary 139 370 157
Gallipolis 1518 8688 8579
Gallipolis Auxiliary 166 236 107
Greenup 1114 11188 10538
Greenup Auxiliary 314 366 216
Meldahl 1099 11725 11007
Meldahl Auxiliary 49 91 59
Willow Island 650 7192 6758
Willow Island
Auxiliary 167 477 215
Louisville
1 545 2530 2111
2 467 1779 1321
Markland 1064 11107 10964
Markland Auxiliary 134 265 227
McAlpine 1413 12340 12942
McAlpine Auxiliary 9 23 37
Cannelton 1011 10962 11195
(Continued)
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Table Bl (Continued)

October—-December 1986

River Lock Months Lockages Barges Tonnage
Louisville (Continued)
Ohio Cannelton Auxiliary L98 2692 2542
(Continued)  Newburgh 1488 15695 15183
Newburgh Auxiliary 281 460 333
Uniontown 1667 18567 17508
Uniontown Auxiliary 182 344 196
Smithland 1020 10551 12220
Smithland Auxiliary 1010 10729 7421
52 48 23104 21360
Auxiliary Lock 52 267 1214 1161
Nashville
Cumberland Barkley 342 1993 1068
Cheatham 295 1473 1095
Cordell Hull 27 51 37
01d Hickory 160 223 176
Tennessee Melton Hill 0 0 0
Kentucky 1516 8874 7573
Pickwick 774 5959 4633
Pickwick Auxiliary
Wilson 532 2458 2206
Wilson Auxilijary
Wheeler 441 2349 2072
Wheeler Auxiliary 1 0 0
Guntersville 427 2122 1842
Guntersville
Auxiliary 0 0 0
Nickajack 440 1880 1515
Chickamauga 705 688 603
Watts Bar 418 415 393
Fort Loudoun 164 139 158
Pittsburgh
Allegheny 2 688 1373 535
3 684 1380 543
4 653 1683 436
5 271 636 137
6 42 39 9
7 34 3 8
8 230 214 173
9 10 0 0

‘Lontinued)
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Table Bl (Continued)

October—December 1986

River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 819 4864 2953
Auxiliary Lock 2 400 445 184

3 1188 5778 3356

Auxiliary Lock 3 512 364 176

4 1165 5810 3375

Auxiliary Lock 4 217 202 69

Maxwell 556 3088 838

Maxwell Auxiliary 474 2667 2288

7 2070 5359 2902

8 1771 4445 2465

Morgantown 277 910 459

Hildebrand 108 445 235

Opekiska 87 180 87

Ohio Emsworth 1012 5423 3417
Emsworth Auxiliary 588 492 204

Dashields 925 5584 3498

Dashields Auxiliary 719 842 450

Montgomery 1304 6695 4337

Montgomery Auxiliary 115 70 32

New Cumberland 605 5809 4843

New Cumberland

Auxiliary 504 1419 668

Pike Island 900 8119 6864

Pike Island Auxiliary 198 442 184

Hannibal 644 7275 6844

Hannibal Auxiliary 119 306 181

(Continued)
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Table Bl (Continued)

Total 1986
River Lock Months Lockages Barges Tonnage
St. louis
Mississippi 24 4581 28084 28161
25 4718 28101 28159
26 8539 56314 56668
Auxiliary Lock 26 3886 5926 4973
27 7138 64708 64511
Auxiliary Lock 27 2413 4757 3850
Kaskaskia Kaskaskia 2018 5494 3954
Rock Island
Mississippi 11 10 2373 12643 13832
12 10 2588 14356 15528
13 10 2646 14400 15579
14 10 3369 18351 18981
Auxiliary Lock 14 5 0 2 0
15 10 3550 18117 19355
Auxiliary Lock 15 10 478 376 205
16 10 3818 20406 21376
17 10 3532 21347 22604
18 10 3595 21989 23114
19 10 2160 23555 24289
Auxiliary Lock 19
20 10 4036 24235 24854
21 4389 25726 26038
22 4443 26448 26896
Illinois T. J. O'Brien 2261 6910 6214
Lockport 4221 18770 18758
Brandon 4255 19020 17095
Dresden Island 4180 20173 19145
Marseilles 4257 20320 20210
Starved Rock 4469 21701 21497
Peoria 1971 29277 28761
La Grange 1495 29517 30009
St. Paul
Mississippi 1 10 1860 2632 1647
Auxiliary Lock 1 2 47 76 48
2 9 2796 12077 11412
Auxiliary Lock 2 9
3 10 2667 11476 11072
4 10 2664 12098 11628
5 10 2596 12001 11760
(Continued)
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Table Bl (Continued)

Total 1986
River Lock Months Lockages Barges Tonnage
St. Paul (Continued)
Mississippi 5A 10 2841 12065 11795
(Continued) 6 10 2801 12850 12759
7 10 2957 12852 1275¢
8 10 2702 13361 13336
9 10 2607 13346 14420
10 10 2887 14194 15317
Upper St. Anthony
Falls 10 1323 1363 1002
Lower St. Anthony
Falls 10 1903 2749 1766
Huntington
Kanawha Winfield 1 8928 13659 10092
Winfield 2 8622 13604 7680
Marmet 1 7051 9145 6434
Marmet 2 5047 6603 3706
London 1 1741 1772 1512
London 2 2978 3160 1948
Ohio Belleville 2742 32440 31402
Belleville Auxiliary 331 890 444
Racine 3096 34774 32756
Racine Auxiliary 434 1213 571
Gallipolis 11 5474 31723 31425
Gallipolis Auxiliary 9 2087 5327 5335
Greenup 4515 46098 42372
Greenup Auxiliary 1296 2921 2100
Meldahl 4368 48542 45741
Meldahl Auxiliary 11 293 529 343
Willow Island 2712 30891 29121
Willow lsland
Auxiliary 677 1900 876
Louisville
Green 1 2443 10570 8561
2 1947 7461 5565
Ohio Markland 4315 45934 45701
Markland Auxiliary 504 922 648
McAlpine 5621 50465 53445
McAlpine Auxiliary 58 136 145
Cannelton 11 4076 43731 44929
(Continued)
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Table Bl (Continued)

Total 1986
River Lock Months Lockages Barges Tonnage
Louisville (Continued)
Ohio Cannelton Auxiliary 2213 11968 11902
(Continued) Newburgh 5753 61773 59336
Newburgh Auxiliary 1166 2115 1471
Uniontown 6490 72192 68167
Uniontown Auxiliary 707 1118 673
Smithland 3849 39527 47432
Smithland Auxiliary 3999 42406 28238
52 2129 86938 79713
Auxiliary Lock 52 7 1467 4829 4641
Nashville
Cumberland Barkley 2834 18079 12805
Cheatham 1146 5762 4396
Cordell Hull 2 6 8 6
0ld Hickory 564 792 619
Tennessee Melton Hill 11 7 6 0
Kentucky 4267 25315 21109
Pickwick 3216 24781 19085
Pickwick Auxiliary
Wilson 2190 10535 8964
Wilson Auxiliary
Wheeler 1805 10088 8495
Wheeler Auxiliary 5 2 0 0
Guntersville 1747 9208 7236
Guntersville Auxiliary 2 2 0
Nickajack 1723 8088 6095
Chickamauga 2675 2653 2146
Watts Bar 1555 1611 1356
Fort Loudoun 575 534 531
Pittsburgh
Allegheny 2 2772 5405 2071
3 2685 5446 2106
4 2243 5400 1559
5 1040 2830 645
6 216 305 106
7 198 280 106
8 8 541 531 421
9 6 11 0 0

(Continued)
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Table Bl (Continued)

Total 1986
River Lock Months Lockages Barges Tonnage
Pittsburgh (Continued)

Monongahela 2 3825 23327 14891
Auxiliary Lock 2 1800 2167 998

3 6026 29069 16626

Auxiliary Lock 3 2348 1758 887

4 5351 27297 15690

Auxiliary Lock 4 967 886 337

Maxwell 2389 13679 4253

Maxwell Auxiliary 2282 13143 10474

7 8704 22103 11974

8 7477 18524 10224

Morgantown 1110 3800 1945

Hildebrand 492 1889 1032

Opekiska 259 660 320

Ohio Emsworth 4650 25599 16954
Emsworth Auxiliary 2203 1694 692

Dashields 4285 26951 17749

Dashields Auxiliary 1892 1735 872

Montgomery 4758 26050 17587

Montgomery Auxiliary 10 2519 3856 2508

New Cumberland 2849 26777 22395

New Cu.berland

Auxiliary 11 1439 3715 1820

Pike Island 3445 33130 28780

Pike Island Auxiliary 11 953 2039 956

Hannibal 2739 31245 29721

Hannibal Auxiliary 11 404 1126 617

(Continued)
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Table Bl (Continued)

April—June 1987

River Lock Months Lockages Barges Tonnage
St. Louis
Mississippi 24 1827 12556 10924
25 1850 12551 10935
26 2593 18836 17604
Auxiliary Lock 26 1831 3999 3553
27 2030 22160 20774
Auxiliary Lock 27 1013 2535 2221
Kaskaskia Kaskaskia 394 942 704
Rock Island
Mississippi 11 10 898 5002 4850
12 11 1211 6585 6174
13 11 1244 6619 6244
14 1546 8904 7919
Auxiliary Lock 14 8 0 0 0
15 1572 8736 7969
Auxiliary Lock 15 10 330 262 138
16 1677 9809 8850
17 1655 10641 9625
18 1682 10978 9835
19 953 11724 10326
Auxiliary Lock 19
20 11 1858 11699 10207
21 1778 11907 10432
22 1770 12085 10584
Illinois T. J. O'Brien 702 2153 1965
Lockport 1100 4986 4658
Brandon 1146 5106 4839
Dresden Island 1140 5472 5573
Marseilles 1223 5548 5953
Starved Rock 1313 6160 6603
Peoria 981 8716 8981
La Grange 1006 9635 10070
St. Paul
Mississippi 1 10 452 699 462
Auxiliary Lock 1 7
2 10 701 3794 3365
Auxiliary Lock 2 10
3 10 675 3726 3310
4 10 678 3925 3475
5 10 686 3845 3446
(Continued)
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Table Bl (Continued)

April—-June 1987

River Lock Months Lockages
St. Paul (Continued)
Mississippi 5A 10 679
(Continued) 6 10 697
7 10 722
8 10 697
9 10 700
10 10 858
Upper St. Anthony
Falls 11 276
Lower St. Anthony
Falls 11 413
Huntington
Kanawha Winfield 1 2426
Winfield 2 2099
Marmet 1 1506
Marmet 2 1439
London 1 308
London 2 988
Ohio Belleville 720
Belleville Auxiliary 130
Racine 674
Racine Auxilialry 377
Gallipolis 1607
Gallipolis Auxiliary 192
Greenup 1313
Greenup Auxiliary 11 135
Meldahl 1087
Meldahl Auxiliary 90
Willow Island 709
Willow Isiand
Auxiliary 193
Louisville
Green 1 612
2 486
Ohio Markland 1140
Markland Auxiliary 50
McAlpine 1178
McAlpine Auxiliary 8 263
Cannelton 1186
(Continued)

B39

Barges Tonnage
3877 3495
4248 3878
4236 3814
4320 3954
4249 4293
50Zz6 4825

373 275
696 468
3591 2847
3224 1799
2062 1402
1931 1173
322 202
1076 733
8587 8173
312 171
7667 7256
1857 1475
9547 9144
312 143
12166 11496
158 83
12154 11798
199 126
8171 7601
578 248
2907 2279
1848 1376
11240 11529
82 66
10396 11555
1440 1596
12423 13240
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Table Bl (Continued)

April—June 1987

River Lock Months Lockages
Louisville (Continued)
Ohio Cannelton Auxiliary 144
(Continued) Newburgh 1434
Newburgh Auxiliary 400
Uniontown 1604
Uniontown Auxiliary 209
Smithland 1024
Smithland Auxiliary 1007
52 €84
Auxiliary Lock 52 9 530
Nashville
Cumberland Barkley 428
Cheatham 331
Cordell Hull
01d Hickory 158
Tennessee Melton Hill 9
Kentucky 148"
Pickwick 196
Pickwick Auxiliary 10 676
Wilson 538
Wilson Auxiliary
Wheeler 426
Wheeler Auxiliary 1l 4
Guntersville 354
Guntersville
Auxiliary 10 0
Nickajack 405
Chickamauga 1153
Watts Bar 505
Fort Loudoun 189
Pittsburgh
Allegheny 2 58
3 320
4 202
5 160
6 4
7 3
8 10 108
9 8 79

(Continued)
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Barges

379
14973
736
17351
248
10074
10454
21946
1528

2683
1841

8845
1724
3974
2403

2291

1791

1687
1150
511
180

1497
1513
1i°
952
274
255
12

Tonnage

311
14383
529
16955
154
12354
771
20238
1404

1651
1401

186

7 8
1833
2598
2017

1951

1480

1349
921
494
162

582
594
369
218
75
73
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Table Bl (Concluded)

April—June 1987

River Lock Months Lockages
Pittsburgh (Continued)
Monongahela 2 1008
Auxiliary Lock 2 201
3 1654
Auxiliary Lock 3 539
4 1453
Auxiliary Lock 4 81
Maxwell 487
Maxwell Auxiliary 395
7 2248
8 1975
Morgantown 323
Hildebrand 148
Opekiska 24
Ohio Emsworth 1246
Emsworth Auxiliary 148
Dashields 1183
Dashields Auxiliary 101
Montgomery 1374
Montgomery Auxiliary 81
New Cumberland 690
New Cumberland
Auxiliary 388
Pike Island 712
Pike Island Auxiliary 349
Hannibal 668
Hannibal Auxiliary 131

B4l

Barges Tonnage
6237 4007
409 169
7916 4547
497 213
7184 4135
266 119
3622 1004
3383 2892
5430 3053
4557 2636
1361 737
809 449
275 135
6915 4557
401 179
7537 4928
249 129
7972 5273
32 17
6898 5678
1389 619
7762 6841
1323 707
7654 7255
824 668
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APPENDIX C: DATA BASE EDIT PROGRAM

Cl




CHARACTER LINE(132),DUMMI,UP*9,DN*9
OPEN(UNIT=15,FILE='DATAl')
OPEN (UNIT=16,FILE="'DATA2")

SETR FLAGS & CONSTAINTS

aOnn

IEND=0
IUFLAG=0
UP='UPBOUND'
DN="'DOWNBOQUND'

READ PAST INITIAL HEADINGS

aon

DO 5 I=1,8
5 READ(15,'(1A1l)')DUMMI

READ AND PRINT FILES

0o

DO 10 1I=1,5
10 READ(15, ' (132A1) ') (LINE(J),J=1,90)

c WRITE(16,'(132A1) ') (LINE(J),J=1,90)
c READ UP OR DOWNBOUND
READ(15, ' (132A1) ') (LINE(J) ,J=1,90)
IF (LINE(55) .EQ. 'U') THEN
IUFLAG=1
ELSE
IUFLAG=0
END IF
DO 15,I=1,6
15 READ(15, ' (132A1) ') (LINE(J),J=1,90)
C 15 WRITE(16,*(132A1) ') (LINE(J),J=1,90)
c
c READ, TEST, AND PRINT INFO
c
20 READ(15,'(132A1)',END=21) (LINE(I),I=1,120)
GO TO 22
21 IEND=1
GO TO 28
c
c IF LINE(1)=1 --> BLOCK END, THEN READ PAST NEXT SET OF HEADINGS
c AND PICK UP UPBOUND OR DOWNBOUND INFO
c

22 IF(LINE(1).EQ.'1') THEN
DO 25 K=1,5

25 READ(15, ' (132A1) ") (LINE(I),I=1,120)
IF(LINE(55).EQ.'U') THEN
IUFLAG=1
ELSE
IUFLAG=0
END IF

Do 27,I=1,6
27 READ(15, '(1A1) ') DUMMI
END IF
28 IF (LINE(S3).EQ.'/')THEN
IF(IUFLAG.EQ.OQ) THEN
WRITE(16,'(132A1,4X,A9)"') (LINE(I),I=1,120),DN
ELSE
WRITE(16, ' (132A1,4X,A9) ") (LINE(I),I=1,120),UP
END IF
END IF
IF(IEND.NE.1) GO TO 20
300 PRTNT*, 'EOF FOUND'
STOP
END
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APPENDIX D: PMS LOCK PROCESSING CHARTS
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