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FOREWORD 

The purpose of this report is to identify small scale improvement measures for 

reducing delays associated with passing traffic through lock facilities on the Upper 

Mississippi River and the Illinois Waterway, to qualitatively assess each measure's 

potential, and to recommend those measures with the greatest potential for further study. 

This effort is in support of the Upper Mississippi River - Illinois Waterway Navigation 

Study (UMR-IWW NAV Study), a system feasibility study of potential capital investment 

needs during the period 2000-2050. 
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SUMMARY 

This assessment, a subeffort of the Upper Mississippi River and Illinois 

Waterway System Navigation Study, identifies small-scale measures which seek to reduce 

delays or congestion that commercial barge traffic experience when transiting locks on 
the Upper Mississippi River and Illinois Waterway. The assessment process included: 

a historical records review; visits to two locks (one on each waterway); meetings with 
industry, environmental, and regulatory agency representatives; identification of potential 

small-scale measures; and recommendations for further study of a screened list of small 

scale measures. 

Ninety-two measures were identified during the course of the assessment through 
document research, discussion, and an October 1994 multi-interest brainstorming session. 

The number of small-scale measures was narrowed down to 16 which are recommended 

for further study based on a qualitative screening process that focused on identifying 

those measures with greatest potential for reducing lockage times. The screening process 

eliminated those measures which: 

(1) have no potential to reduce delays at locks, 

(2) are not technically feasible, 
(3) are not safe, 

(4) are not environmentally acceptable, 

(5) are economically inefficient , 
(6) are not cost effective, 

('7) should be pursued through industry cooperation rather than Corps of 

Engineers requirements, or 

(8) are addressed through the Corps of Engineers Operations and Maintenance 
Program. 

In applying the screening criteria, the measures recommended for further study 

are: 

1. Optimizing Decisions (Scheduling Program) 

2. Towboat Power: 
Helper Boats 

Switchboats 

Self Help 
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3. Tow Haulage Equipment: 
Powered Traveling Kevel 

Endless Cable 

Extended Guidewall 

4. Mooring Facilities (Adjacent to Lock Approach) 

5. Crew Elements: 
Universal CouplersfHand Winches 

Standardized Training for Crews 

6. Tolls & Reports: 
Congestion Tolls 

Excess Lockage Time Charges 

Lockage Time Charges 

Publish Lockage Times 

7. Recreational Vessels: 

Scheduling of Recreational Vessel Usage 

Recreational Craft Landing Above and Below Lock 

This qualitative assessment recommends that each of these measures be subjected 

to an indepth analysis to determine their investment potential. The remaining summary 

text gives the reader an overview of how this small-scale assessment fits into the overall 

study process. 

This General Assessment of Small-Scale Measures represents the qualitative 

screening of a broad spectrum of small-scale measures. This screened list of small-scale 

measures, as well as a screened list of large-scale measures (such as new lock structures) 

being developed under a separate effort within this navigation study, will be evaluated 

in more detail as part of further plan formulation efforts of the UMR-IWW System 

Navigation Study . 
The plan formulation process consists of six general steps: identify problems and 

opportunities; define existing conditions; formulate alternative plans; evaluate plans; 

compare plans, and select a recommended plan. The early qualitative screening process 
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for these small-scale measures is part of the preliminary efforts of formulating alternative 

plans. Detailed information for both the small- and large-scale short lists will be 

developed in subsequent efforts within the UMR-IWW System Navigation Study. These 

small- and large-scale measures will be assessed separately and in various combinations 

in order to develop an array of alternative plans for comparison. 

The alternative plans will be evaluated in consideration of the following four 

criteria: completeness; effectiveness; efficiency; and acceptability. Completeness is the 

extent to which a given an alternative plan provides and accounts for all necessary 

investments or other actions to ensure the realization of the planned effects. 

Effectiveness is the extent to which alternative plan alleviates the specified problems and 

achieves the specified opportunities. Efficiency is the extent to which an alternative plan 

is the most cost-effective means of alleviating the specified problems and realizing the 

specified opportunities, consistent with protecting the Nation's environment. 

Acceptability is the workability and viability of the alternative plan with respect to 

acceptance by state and local entities and the public and compatibility with existing laws, 

regulations, and public policies. Economic, environmental, engineering, and public input 

considerations are integral to this evaluation process. Of those feasible plans, the 

selected plan will be that plan which is the best balanced for reducing delaydcongestion 

on the navigation system in consideration of the above stated criteria. 
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I INTRODUCTION 

This report identifies small-scale measures with potential for reducing traffic 

delays associated with passing traffic through locks on the Upper Mississippi River 

(UMR) and Illinois Waterway Navigation System. The system is depicted in 

Figure 1-1. This effort is in support of the UMR-IWW Navigation Study's assessment 

of potential capital investment needs during the period 2000-2005. Recommended 

measures' delay reducing potential will be assessed under subsequent efforts of the UMR- 
IWW Navigation Study. 

A. ASSESSMENT TEAM 

This effort included review and contribution by both public and private interested 

parties. Army Corps of Engineers participants included Economic, Environmental, 

Operational, and Engineering interests from the St. Louis, Rock Island, and St. Paul 

Districts. The Corps efforts were supported by Sverdrup, a St. Louis based engineering 

consulting firm. Other participating federal agencies included the U.S. Fish and Wildlife 

Service, the Coast Guard, and the Environmental Protection Agency. State agency 

participants included representatives from departments of transportation and 

conservation/natural resources from Missouri, Illinois, Iowa, Wisconsin, and Minnesota. 

Towing industry participation included representatives from several towing companies. 

Non-Corps participants' written comments are included as Appendix VII. 

B. STUDY PROCESS 

The study effort consisted of four phases: reviewing background reports; 

examining the locking process; identifying potential measures; and qualitatively assessing 

identified measures. 

1. Review of Background Reports 

The following documents were reviewed to identify potential measures and 

develop an appreciation for the qualitative methods used in the analysis portion of 

previous studies. A summary of the previous assessment measures and their cross 

reference to this study are shown in Figure 1-2. 
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a. Inventory of Potential Structural and Non-Structural Alternatives 
for Increasing Navi~ation Ca~acity - U p ~ e r  Mississippi River Svstem Master Plan, Louis 

Berger & Associates, Inc., April 198 1, 

b. Com~rehensive Master Plan for the Management of the Upper 

Mississippi River System. Technical Re-port A: Navigation and Transwrtation, U.S. 

Army Corps of Engineers, (no date indicated), 

c. UDE~ Mississ i~~i  River Transwrtation Economics Studv, 

Su~plement 2: Efficiency Measure Analysis, Leeper, Cambridge & Campbell, Inc., April 

1989, and 

d. a& 
Mississi~gi River, Peat, Marwick, Mitchell & Co., July 1975. 

In addition, the following additional documents were referenced during the course 

of the study; 

a. U D D ~ ~  Mississippi River Navigation Charts, U.S. Army Corps of 
Engineers, 1989, 

b. Charts of the Illinois Waterway, U.S. Army Engineer District, 

Corps of Engineers, Chicago, IL, 1974, 

c. Regulations Prescribed bv the Secretary of the Armv for O h i ~  
River. Mississip~i River above Cairo. Ill. and their Tributaries (33 CFR 207.300), U.S. 

Army Corps of Engineers, 

d. Lock and Dam No. 24. Periodic Inspection Report No. 8, U.S. 
Army Corps of Engineers, November 1993, 

e. Gateways to Commerce: The U.S. Army Corns of Engineers' 9- 
g C h a n n e l - r ,  National Park Service - Rocky 

Mountain Region, U.S. Army Corps of Engineers, 1992, 

f. Towpaths and Towboats: A Histow of American Canal 
Enpineering, The American Canal and Transportation Center, 1992, and 

g. American Merchant Seaman's Manual, 6th Edition, Cornell and 
Hoffman, 1982. 
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Key: 
LBA - LOUIS Berger & Assoc~ates Report 
COE - Corps of Engineers Report 
LCC - Leeper, Cambridge & Campbell Report 
PMM - Peat, Marwlck, M~tchell Report 

NOTE: Letter deslgnatlon under "Thls Study' corresponds to Item locatron In thls report. 
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2. Examine Locking Process 

Engineering personnel conducted site visits to Starved Rock Lock and Dam on the 

Illinois Waterway and Lock 24 on the Upper Mississippi River. The purpose of these 

visits was to observe locking operations, interview Operations personnel, and witness the 

collection of Lock Performance Monitoring System (LPMS) data. Detailed trip 

summaries can be found in Section IV of this report. 

3. Identify Measures 

Based on review of background reports and examining locking operations, 

engineering personnel compiled a list of potential small-scale measures. The Corps of 

Engineers then hosted a brainstorming session in St. Louis, Missouri on october 24, 
1994. The brainstorming session was intended to identify additional measures and to 

gain feedback concerning the advantages and disadvantages of each measure. These 

measures are described in Section V of this report. 

4. Qualitative Assessments 

Corps of Engineers economists, environmentalists, and engineers established 

criteria for assessing each measure's potential for reducing traffic delays at navigation 

locks. The assessment process was discussed at an open meeting in St. Louis on 

December 14, 1994. The Corps of Engineers considered all participants concerns in 

preparing this, the final edition of the General Assessment of Small-Scale Measures 

Reports. 
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II THE LOCKING PROCESS 

A. HISTORY 

1. Upper Mississippi River 

The Mississippi River once flowed freely from its headwaters near Lake Itasca 

in upper Minnesota, to the Gulf of Mexico. The Upper Mississippi is that portion of the 

Mississippi River north of the confluence of the Mississippi River and the Ohio River. 

This stretch of the river serves as the boundary for five states; Minnesota, Wisconsin, 

Iowa, Illinois, and Missouri. Along the way, it is fed by several rivers and streams 

including the Minnesota, St. Croix, Chippewa, Wisconsin, Rock, Des Moines, Illinois, 

and Missouri. These tributaries provide waterway access to the Great Lakes to the East 

and as far West as Montana, Wyoming, and Colorado. One hundred and seventy nine 

miles below St. Louis, the Mississippi is joined by the Ohio and nearly doubles in 

volume. It is here that the Upper Mississippi River becomes the Lower Mississippi, the 

"mile-wide tide" made famous by Mark Twain. 

In its early days, the Upper Mississippi was a temperamental river; subject to 

drought, flooding, and shoaling. In dry seasons, it was too shallow to navigate. During 

floods, trees washed into the river, creating dangerous "snags" that could easily damage 

the vessels that plied its waters. Sand bars constantly shifted as the river adjusted its 

course with the seasons and the years. The river's current could become swift and 

dangerous, especially along the 11 mile stretch lcnown as the Des Moines Rapids and the 

14 mile Rock Island Rapids. 

The average depth on the Upper Mississippi was 3 feet and, during some periods 

of the year, averaged as little as 1 foot along a 200 mile stretch below St. Paul, 

Minnesota. As a result, raw materials from the Midwest could not reach the ports and 

industrial centers of the world on a reliable basis using river transportation. Dependable, 

year-round navigation of the Upper Mississippi was a major agenda item of regional 

commercial interests. The nation's economy was fueled by the farming communities of 

the Upper Mississippi drainage basin, a region as large as the nations of Great Britain, 

France, Germany and Italy combined. 

The Federal Government assumed responsibility for eliminating troublesome spots 

on the Upper Mississippi in the early nineteenth century. In 1838, Lieutenant Robert E. 

Lee supervised the underwater demolition of the Des Moines Rapids. The Corps of 
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Engineers blasted and dredged the river in its most dangerous locations to create a 

navigable channel. The 4-foot channel project soon became the 4.5-foot channel project, 

and then the 6-foot channel project by 1907. 

Both the 4.5-foot and 6-foot channel were achieved by a system of wing and 

closing dams, along with continual dredging. Wing dams were built using timber and 

brush (later rocks), extended in a line from the shoreline, to constrict the flow of the 

river, speed the current, and provide a clear channel. Closing dams used the same 

materials to prevent the river from leaving the main channel and entering sloughs and 

side channels. 

However, the %foot channel maintained on the Lower Mississippi required barge 

fleet operators going up river to either begin their journey with smaller boats or transfer 

their cargo to smaller boats in the vicinity of St. Louis in order to make the entire 

journey up the river. Either option cost time and money. Shippers thus turned to trains 

to move their cargo. By the 1920's, the national farm crisis, the Great Depression, and 

the opening of the Panama Canal convinced many that the current river navigation system 

was inadequate and a 9-foot channel on the Upper Mississippi River was economically 

imperative. 

The Upper Mississippi River 9-Foot Channel Project, authorized under the Rivers 

and Harbors Act of 1930, was designed and constructed by the U.S. Army Corps of 

Engineers between 1930 and 1940. A system of locks and dams converted the once free- 

flowing river into a series of interconnected pools that ensure enough water for fully 

loaded, modem barges. The completion of the 9-Foot Channel turned the upper reaches 

of one of the world's largest rivers into an intra-continental channel. (See Figure II-1) 

The lock and dam system creates a kind of stairway up the river. The dams 
create the pools of water and the locks provide the means for vessels to be lifted or 

lowered to the next pool. The system extends across a 669 mile stretch of river between 

Minneapolis and St. Louis, and has a vertical fall of about 400 feet. (See Figure 17-2) 

As originally planned in the 1920's, the 9-F00t Channel Project consisted of 26 

locks and dams from St. Paul Minnesota to Alton, Illinois. In 1937, Congress authorized 

a 4.6 mile upstream extension to add both Upper and Lower St. Anthony Falls Locks and 

Dams. In 1953, the system was expanded to the south, to St. Louis, with the addition 

of Lock 27 on the Chain of Rocks Canal and Dam 27, also known as the Chain of Rocks 

Dam. (See Figure 11-3) 
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UPPER MISSISSIPPI RIVER 

LOCK MILEPOST BANK DIMENSIONS 1 
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Figure 11-3 
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The project brought economic benefits and recreational opportunities to the entire 

Midwest region and served as the impetus for upgrading municipal drinking water and 

sewage disposal systems in nearby cities and towns. It also received criticism from the 

railroads because of commercial and right-of-way interests. The 9-F00t Channel 

provides what the river in its natural state could not: a dependable 9-foot navigation 

depth on the Upper Mississippi River. 

2. Illinois Waterway 

In 1673, two French explorers, Louis Jolliet and Father Jacques Marquette 

published a written record of their explorations after proving that the Mississippi River 

flowed south into the Gulf of Mexico. They had traveled north on the Mississippi River, 

up the Illinois River, and up the Des Plaines River. At a point now known as the 

Chicago portage, they found a low divide separating the Des Plaines River from the 

Chicago River which flowed into Lake Michigan. They described a canal that could 

connect the waters of Lake Michigan to the Des Plaines river and would allow water 

travel from the Great Lakes to the Gulf of Mexico. 

When Illinois became a State in 1818, a canal was high on its agenda. The 

Illinois and Michigan (I & M) Canal was built between 1836 and 1848. It began at the 

mouth of the Chicago River and climbed 12 feet to a summit level which it followed 

overland to Lockport and then dropped down to the Des Plaines River Valley through 

a flight of four locks. The channel continued its descent through Joliet, Channahon, and 

Ottawa via eleven more locks before joining the Illinois River at LaSalle. The 15 locks 

were 1 10' long, 18' wide, and handled varying lifts. 

Waterborne commerce on the rivers and canal was a boom to the City of Chicago. 

In 1833, Chicago had 1200 residents. By 1845, that number had risen to 12,000. In 

1848, there were 20,000 inhabitants, and by 1854, that number had risen to 74,000. 

Chicago became the nations largest inland port. Canal towns from Joliet south to Peoria 

grew as well. 

However, the canal's successes soon caused its demise. The City of Chicago was 

pumping its sewage into the slow-flowing Chicago River which ran into Lake Michigan, 

the city's source of drinking water. Water pollution caused the deaths of 5% of 

Chicago's population in 1854 and 12% in 1885. 
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The city then looked for ways to divert its sewage to the Illinois River. Because 

railroads began to provide a more economical means of transporting goods, and barges 

were too big for the canal, the state initiated construction of the much larger Chicago 

Sanitary and Ship Canal from Chicago to Joliet in 1892. The new canal was completed 

in 1901 and the old I & M Canal was abandoned as a traffic artery. Passenger steamboat 

traffic was big business on the rivers of the Midwest. In 1918, the wreck of the 

steamboat Columbia killed 87 people and led to calls for a deep navigable waterway in 

Illinois. 

In 1920, the State of Illinois began its own 9-f00t deep channel project on the 

modem Illinois Waterway. This waterway is the navigable link from the Mississippi 

River, up the Illinois, up the Des Plaines River, through the Chicago Sanitary and Ship 

Canal, to Lake Michigan. By 1929, the state had finished 66% of the project and spent 

80% of the funds. In 1930, the entire project was turned over to the U.S. Army Corps 

of Engineers. The Corps of Engineers resumed construction and opened the waterway 

on June 22, 1933. The project actually has two outlets to Lake Michigan. One outlet 

is via the south branch of the Chicago River and then through the Chicago Harbor Lock, 

to Lake Michigan. The other outlet is via the Calumet Sag Channel, through the T. J. 

O'Brien Lock to Lake Calumet and then to Lake Michigan. The latter is the primary 

commercial traffic route. (See Figure 11-4) 

The waterway contains 8 navigation locks and dams of vaqing sizes. The dams 

are designed to hold back pools of water to allow at least 9 feet of navigable water. 

Unlike the rest of the dams on the Illinois Waterway and those on the Upper Mississippi 

River, the dams at LaGrange and Peoria are special "wicket dams" that are lowered to 

the river bottom so that vessels can travel over them in high water conditions. 

Most of the locks are 110' wide and 600' long although there are a few 

exceptions. (See Figure 11-5) These locks raise and lower vessels across the 163' 

elevation difference between Lake Michigan and the Mississippi. (See Figure 11-6) 

The modem Illinois Waterway serves as today's link between Lake Michigan and 

the Mississippi River. Commercial traffic volume continues to grow with grain, coal, 

and petroleum as the leading commodities. 
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ILLINOIS WATERWAY 

I O'Brien 1 326.5 I R 1 1 10' x 1000' 
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(from Mississippi 

River) 
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Starved Rock 110' x 600' 

110' x 600' 
LaGrange* 110' x 600' 

(w x L) 

80' x 600' 327.2 
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I I I 

*These locks have dams that are navigable in high water conditions. 

Figure 11-5 

110' x 600' 
Dresden Island 271.5 L 110' x 600' 





6. ELEMENTS OF A LOCK 

Dams constructed on the waterways to provide a navigable pool of water also 

restrict the flow of traffic. In order to move vessels from one pool to the next, the 

vessels must either be lifted or lowered the corresponding difference in elevation between 

pools. The locks on the Upper Mississippi River and the Illinois Waterway operate on 

the same principles though some vary slightly in their actual configuration and ancillary 

equipment . 
The major elements of a lock include the Upstream and Downstream Approaches, 

the Main Lock Chamber including upstream and downstream miter gates, and the Filling 

and Emptying System. (See Figures 11-7 and 11-8) 

The approaches are those areas where the vessels prepare and position themselves 

for entry into the lock chamber or ready themselves for departure from the area. The 

lock chamber is the basin in which the vessel is actually raised or lowered from one pool 

to the next. The filling and emptying system is used to control and direct the flow of 

water into and out of the main lock chamber. 

1. Upstream Approach 

The upstream approach consists of the approach channel, guidewall, and bullnose. 

Some locks also have guardwalls or approach cells. 

a. Approach Channel 

The approach channel is a cleared and sometimes dredged channel that 

aligns with the lock chamber. Flow control structures may be found in the approach 

channel and are used to control the flow of water in the approach channel so as to assist 

in properly aligning the vessel for proper approach. 

b. Guidewalls 

The guidewall is generally a concrete wall extending upstream and in line 

with the landside wall of the lock chamber. On the Upper Mississippi River and Illinois 

Waterway, the guidewalls are on the land side of the approach channel. They are 

typically 600 feet in length each, to match the length of the chamber, but may be as long 

as 1200' long for those locks with a 1200' chamber. (See Figure 11-9) 
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These walls are used by the towboats to physically guide their fleet of 

barges into the lock chamber in a straight line. If the barges were not straight, then they 

may not fit in chamber. Approaching vessels face-up against the wall in preparation for 

entry into the lock. Sometimes vessels are required to tie-up against the guidewall while 

awaiting their turn into the lock. The guidewalls often have armor plating to protect 

them from the constant rubbing of the barges. 

Guidewalls are also used to tie off unpowered cuts. As described later, 

an unpowered cut is a section of barges (usually 9 of them) that is taken from the front 

end of the towboats 15 barge group and locked through without a towboat attached to 

them. These cuts are designed to fill the whole lock and must be pulled out, or 

"extracted" by lock machinery and the manpower of lock personnel and deckhands (the 

towboat's crew). After the unpowered cut is raised or lowered, it is pulled out along the 

guidewall and tied-off there, waiting for the towboat and its remaining barges (the 

powered cut) to lock through. When the powered cut is finished locking through, the 

gates open and the two halves are reattached. However, since the unpowered cut and 

guidewall are typically 600' long each, the second cut usually remains partially inside the 

lock chamber while the two cuts are reattached. This means that the lock can not be 

used for other vessels until the two cuts are secured to each other and the towboat, now 

with its full fleet of 15 barges, moves out of the lock area. 

c. Bullnose 
The bullnose is the mass concrete element on the riverside of the approach 

and acts as protection for the lock structure. (See Figure 11-10) At the upper end of the 

lock, though, the water in the river wants to pull vessels away from the guidewall and 

out towards the dam. This condition is called "outdraft". The short bullnose here gives 

the tow some room to get aligned on the guidewall without being constrained by two 

walls. 

Bullnose design on the Upper Mississippi River is different from that on 

the Illinois Waterway. The bullnose on the Upper Mississippi is pointed, allowing 

glancing barges to be pushed back into position. The bullnose on the Illinois Waterway 

has a blunt end. 
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d. Guardwalls 

The guardwall is a structure located on the riverside of the approach 

channel. (See Figure 11-11) Guardwalls are constructed with openings below the 

waterline. These openings allow water to flow into the channel and then pass out 

through the openings under the walls, or between the cells. This flow will tend to pull 

the vessel against the wall or cells, either aligning the vessel for entry into the lock 

chamber or preventing breakaway barges from entering the dam. Frequently an opening 

at water level is constructed at the end of the guardwall nearest the lock. This opening 

is called a trash chute, because its purpose is to allow floating debris that has been 

trapped by the presence of the guardwall to flow back into the river before entering the 

lock chamber. (See Figure 11-12) 

e. Guide Cells 

Cells, whether they be guide cells or mooring cells, are typically made up 

of sheet-piling that has been driven in circular cells and then filled with earth and 

concrete. They form a sort of "column" up from the river bed. Guide cells are typically 

placed just above the bullnose, on the upstream end, and provide the same distance of 

opening to the guidewall as does the bullnose. 

Towboats traveling downstream use them as a guide, and unpowered cuts 

that are going upstream and have been pulled out of the chamber use them as insurance 

against the effects of outdraft. As long as the stem of an upbound unpowered cut does 

not go past the guide cell, and the head is held to the guidewall, then the stern will not 

be pulled towards the dam by the outdraft. 

Another advantage to having a cell instead of an extended bullnose, is that 

barges can use it as a guide while allowing recreational vessels to pass into the lock. 

The small boats pass from the upper pool of the river into the lock by slipping between 

the guide cell and the bullnose. They can then be locked down in the middle of locking 

a double cut upstream. The towboat on the downstream side must give permission for 

this and must move his forward end away from the downstream bullnose in order for the 

recreational vessels to get out of the lock and back into the river once the gates are 

opened at the downstream end. (See Figure 11-13) 
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2. Downstream Approach 

The downstream approach is essentially the same as the upstream approach, with 

the exception of the guardwall. The downstream guardwall is generally solid to the 

bottom of the channel. In this way, the guardwall serves to prevent the discharge flow 

from the dam or powerhouse from creating turbulent conditions in the approach channel. 

3. Lock Chamber 

The lock chamber is made up of a series of concrete structures that create a basin 

that is generally 110' wide and 600' or 1200' feet long. The upstream and downstream 

ends of the chamber consist of structures that include miter gates, intake and discharge 

ports, and valves. The individual concrete structures that make up the lock chamber are 

referred to as monoliths. 

a. Chamber Monolith 

The chamber monoliths may be independent wall elements where the base 

of the chamber is founded on rock. For other foundation conditions, the monolith 

includes both wall and a base or floor element. Each wall element includes a portion of 

the conduit for the filling and emptying system, and ports connecting the conduit to the 

main lock basin. 

b. End Monoliths 

The end monoliths may be a single eIement or several elements having 

separate functions. The Gate Monoliths support the Upstream or Downstream lock gate. 

The Intake and Discharge Monoliths include ports located above the upper gate and 

below the lower gate. These ports permit the flow of water into and out of the lock 

filling and emptying conduit. The Valve Monoliths house the valves that control the flow 

of water through the filling and emptying system. 

c. Ancillary Components 

Each lock chamber has a variety of ancillary components at various 

locations within the chamber. These components include fixed ladders, floating mooring 

bitts, hooks, bitts, posts, buttons, timberheads and kevels. These components are 

described in more detail later in this report. 
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C. LOCK OPERATING EQUIPMENT 

In order to perform its primary function, each lock includes two primary 

operating elements. These are the lock chamber gates and the lock filling and emptying 

system. The lock gates are opened to permit vessel access to the lock chamber, and are 

closed to prevent the unwanted entry or loss of water from the chamber. These elemenl 

may be operated from a central control facility or from control stations at the ends of the 

chamber. (See Figure 11-14) 

1. Lock Chamber Gates 

Large gates, fabricated of steel, form the upstream and downstream closure 

elements of the lock chamber. These gates prevent the unwanted flow of water into or 

out of the lock chamber. Three styles of gates are used in the project area. The gate 

styles are miter, sector and lift. The gates in use on locks of the Upper Mississippi 

River and Illinois Waterway are primarily of the miter gate design. Gates at the T. J. 

O'Brien lock have sector gates and some of the gates at Lockport, 19, Melvin Price, and 

27 are lift gates. 

a. Miter Gates 

Miter gates are a pair of large steel "doors" that are mounted on hinges 

within a recess in the lock wall providing full chamber width clearance. When the gates 

are open they recess fully into pockets in the lock wall. When the gates are closed they 

come together at a slight "miter" angle. In this position, the force imposed by higher 

water upstream of the gate is carried along the axis of the gate to the hinge area. This 

action aids in sealing the gates against the lock wall and each other. (See Figure 11-15) 
Miter gates must be operated in still water. Since the gate leaf is a flat 

element, much like a set of double doors, a difference in water level on either side of the 

gate will force the gate toward the closed position at an ever increasing rate. 

b. Sector Gates 

A sector gate has the plan shape of a large piece of pie or a sector of a 

circle. As with miter gates, sector gates are mounted on hinges at recesses in the lock 

wall. The hinge point on the gate is at the apex of the sector. Sector gates also open 

into recesses in the lock wall but these recesses are much larger than for miter gates 

because of the unique shape. 
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Sector gates are used where the water elevation above and below the lock 

is relatively small (2 to 10 feet). Unlike miter gates, sector gates can be operated in 

flowing water. The shape of the upstream face of the sector gates directs the force of 

the water to the hinge rather than causing the gates to close at a faster rate of speed. 

Sector gates also serve as the filling and emptying system. The gates 

holding back a water differential are opened slowly allowing water to flow into or out 

of the lock chamber. Since the sector gates double as the filling and emptying system, 

locks with sector gates do not require a mid-body structure. Generally the mid-body of 

a sector gate lock is a sheet pile cellular wall tied into the two gate monolith elements. 

The mid-body may also consist of an earthen channel. 

c. Lift Gates 

Lift gates consist of either a single leaf or a series of leaves that span the 

full width of the lock and are lifted into place from the bottom of the lock. The lifting 

machinery is attached to the upper leaf. As the upper leaf is raised it engages the second 

leaf which travels upwards with the first. Each successive leaf is engaged and lifted in 

a similar manner. Lift gates can be raised and lowered with a difference in water 

elevation but this process is not generally used to fill or empty the lock chamber. A lift 

gate is most frequently used in the upstream gate position. 

The upper surface of the top leaf is formed in the smooth shape of a weir. 

When necessary, the gate is lowered to just below the upper water surface. The water 

spilling over the top of the gate carries floating debris or ice with it, thus clearing the 

upstream approach channel. 

2. Filling and Emptying System 

Each lock is provided with some form of filling and emptying system. This 

system is used to control the water level within the lock chamber area. For most locks, 

the filling and emptying system consists of ported conduit formed into the concrete wall 

structure of the lock. Valves near the upper and lower ends of the conduit control the 

flow of water through it. Locks with sector gates do not have independent filling and 

emptying systems. 

June 1995 



a. Culverts 
Culverts are the "pipesn which carry the flow of water into and out of the 

lock. They are really voids formed into the wide base of the concrete walls. The voids 

are aligned to form a continuous tunnel along each side of the lock. The culvert starts 

above the upper lock gates and end below the lower gates. 

The culverts may be as much as 14' high and can be either circular or 

square in shape. Ports in the culverts connect it to the lock chamber and the upstream 

and downstream approach channels. 

b. Intake Ports 

The intakes are a series of ports near the bottom of the upstream approach 

channel that allow water to flow from the upstream pool into the lock conduits. These 

ports may be located on either the channel andlor back face of both the landside and 

riverside lock wall. The intake ports are typically covered with a heavy-duty metal 

"screen" that keeps debris from flowing into and blocking the culvert. The screens are 

made of metal bars and are bolted in place. They require regular cleaning in order to 

keep them clear of debris that would impede the flow of water into the system. 

c. FillingIErnptying Ports 

The fillinglemptying ports are the holes in the walls of the lock chamber 

that allow water to flow between the culvert and the lock chamber. The are usually 

along the bottom of the lock chamber itself. 

d. Discharge Ports 

The discharge ports permit water to flow from the lock conduit into the 

downstream channel. These outlets are usually not screened because they are used to 

remove water (which has already been screened by the intakes) from the lock. If trash 

were to enter the lock system, a screen on the outlet would trap the material in the 

culvert. 

The culvert may empty through outlets on either side of the bullnose and 

guidewall. Lock 24, for example, has 8 outlets on the riverside of the guidewall, 2 

outlets on the landslide of the guidewall that empty into a stilling basin, and 4 outlets on 

either side of the downstream bullnose. 
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e. Valves 

The valves used in lock operations on the Upper Mississippi River are of 

the "tainter valve" type. The valves on the Illinois Waterway are "slide-gate" type 

valves. They are positioned in the culvert between the intake ports and the 

fillinglemptying ports and again between the fillinglemptying ports and the discharge 

ports. The valves are opened or closed by electric motors or hydraulic actuators. The 

gates have seals on them to keep the water from escaping around the edges. Bulkheads 

can be lowered down into slots upstream and downstream of the valve so that the valve 

can be inspected or removed for maintenance and repair. (See Figure 11-16) 

A typical lock has four of these valves. There is one on each side of the 

upstream end of the lock. They are opened to fill the chamber. The other two are 

located on each side of the downstream end of the lock. These are used to empty the 

lock. 

When the upstream valves are open and the lower valves and all gates are 

closed, the water passes through the intakes, into the culvert and out through the 

fillinglemptying ports into the lock chamber and fills it. When the downstream valves 

are open and the upstream valves and all gates are closed, water leaves the chamber 

through the fillinglemptying ports, flows into the culvert, and out through the discharge 

ports, emptying the chamber. All flow is gravity induced. 

D. ANCILLARY LOCK EQUIPMENT 

1. Tow Haulage Equipment 

Tow Haulage Equipment is the name given to any number of mechanical devices 

used to pull unpowered cuts of barges out of the lock chamber. These devices include 

winches, capstans, powered kevels, trucks and poles. All of them transfer force from 

some land based power source to the unpowered barges through a mechanical connection. 

The most common of these devices is a single line cable winch. (See Figure 11-17) 

The winch type tow haulage unit is a heavyduty, constant tension, electric winch 

with a spool of wire rope. The winch is most frequently located at a point where the 

guidewall joins the lock itself, near the gates. The cable is led through a sheave on a 

fixed plate block on the guidewall. It is then led from the sheave assembly, along the 

guidewall, over the gates, and along the lock wall, where it is then attached to the barge. 

(See Figure 11-1 8) 
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Tainter Valve 
Figure 11-16 

Note: In some culverts the valve is reversed 
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Some locks lead the cable across the closed gates and tend it while the gates are 

opened. Others wait until the gates are fully opened before leading the cable down the 

wall by hand or by electric cart. Because the sheave is on the wall outside of the 

chamber, the wire must be led by hand over the top of the gates, if they are closed. 

Some locks wait until the gate is completely open before running the wire down 

the lock wall to the cut. This is because the configuration on the lock wall is such that 

they can not run their electric carts along the edge of the wall until the gate is fully in 

the recess, providing a platform to run on. They choose not to handle the cable by hand. 

2. Traveling Kevels 

Traveling kevels are devices that barges can be tied off to and that move 

on rails along the guidewalls. They are typically located only on the upper guidewalls 

and are used during the extraction of an unpowered cut traveling upstream. By securing 

a breasting line from the barges to a traveling kevel, the connecting line will not require 

tending as the barges are moved along the guidewall. (See Figure 11-19) 

The outdraft on the upper guidewall, caused by the water moving away from the 

guidewall and towards the dam, tends to pull the head of the unpowered cut away from 

the guidewall. If the barges are being pulled out of the lock with the tow haulage 

equipment, then the head of the barge must be kept along the wall as it moves out. The 

traveling kevel provides this feature and is a safe, efficient measure for securing the 

barges. If a traveling kevel is not installed, then a line to the head of the barges must 

be constantly shifted from one mooring point to the next as the barge travels down the 

wall. (Note: Traveling kevels on the Upper Mississippi River and Illinois Waterway are 

unpowered.) 

3. Floating Mooring Bits 

Floating mooring bits are tie off points within the lock chamber that move up and 

down with the level of the water during the filling or emptying process. These devices 

were not included in the original design of many of these locks, and so a number of 

locks have been "back-fitted" with the floating mooring bits. There are usually two or 

three of them along the landslide wall of the lock chamber. Newer locks may have them 

on both walls. 
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Floating mooring bits usually have two stages. The bit closest to the water level 

is used for full barges that sit lower in the water. The upper stage is higher and is used 

to tie off empty barges which sit higher out of the water. This two stage bit is a single 

unit that rises and falls as one piece. (See Figure 11-20) 

4. Fittings 

The river industry has a terminology all its own. Items such as kevels, buttons, 

timberheads, steamboat ratchets and pelican hooks are all names of critical pieces of 

equipment used on barges, towboats and locks. 

Kevels are mooring points that look like anvils. They can be about 18" long and 

6-8" high. A vessel's lines are wrapped around them in a series of "figure eights" to tie 

the vessel off or to "check" (slow down) its "headway" (forward momentum). Kevels 

are used on lock walls as well as on barges. (See Figure 11-21) 

Buttons are another mooring point for vessels and are about 8-10 inches high. 

The "eye of a line" (a loop that has been spliced into the end) is thrown over the top of 

the button on the lock wall, and the other end of the line is usually secured to a kevel on 

the barge. Buttons are also used as points around which to "bend" a line. (See Figure 

11-22) 

Timber heads are two solid posts that are used liked kevels to secure a line. The 

can be as much as 12" tall. The line is wrapped around the timber head in a series of 

figure-eights. 

5. Deicing Equipment 

Locks may have a number of different methods to combat the problem of ice 

interference in their operations. These devices include air bubblers, pike poles, heat 

plates, heated water jets, andlor mechanical cutting devices. 

a. Air Bubblers 

Air bubbler systems are installed at many of the locks to combat ice 

conditions in the winter. This system consists of an air compressor, lines or hoses, and 

pipes that run in selected areas along the bottom of the lock chamber. These pipes 

supply air through holes in the underside of the pipe. This design keeps silt from 
accumulating in the pipes. 
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Air bubbler pipes are often placed across the upstream end of the lock, just 

above the recesses for the upper gates. They may also be located along the upstream 

edge of the upper gates (attached along the bottom), at the miter seams, and in the gate 

recesses. Their purpose is to create "open water" (from the motion of air and water) in 

an ice environment, so that floating ice can be moved around. Lock personnel skillfully 

coordinate various air bubbler lines to move ice away from gates so that they can be 

opened. 

b. Pike Poles 

A pike pole is a long wooded pole with a sharp metal spike on one end. 

It is used to move ice and floating debris around in the lock chamber. 

Pike Pole 
Figure 11-23 

11 -17360942 
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c. Heat Plates 

A heat plate is an experimental device used to keep ice from accumulating 

on the walls of the lower gate recesses. As the chamber is emptied, wet concrete is 

exposed to the cold air. This water freezes on the lock wall forming sheets of ice. At 

the top of this "wetting zone", the ice builds up into a ledge that can significantly 

interfere with opening the gates into their recesses and reduces the clear width of the lock 
chamber. When this happens, locks have to implement a 70' wide restriction (as 

opposed to the 105' normally available for tows). Towboats can then only bring in fleets 

of barges two-wide instead of three. 

d. Heated Water Jets 

Heated water jets are used to clear ice build-up from specific areas around 

the lock. Heated water is directed against areas of ice build-up to both melt and dislodge 

the ice from its points of attachment. (See Figure 11-24) Occasionally, steam will be 

used in place of heated water. 
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e. Mechanical Cutting Devices 

Mechanical cutting devices serve the same purpose as heated water jets, 

in that they are used to remove accumulated ice from areas of the lock and lock 

equipment. After the built-up ice is dislodged, it is still necessary to dispose of it. 

Generally, it is flushed through the lock by systematically opening and closing gates and 

valves. 

f. Flushing 

Flushing involves introducing warmer water from the bottom of the 

upstream channel into the lock chamber and the downstream channel. The water in the 

lock chamber is first lowered to the lower pool elevation, and one or both of the lower 

miter gates are opened. The lower valves are closed and then either or both of the upper 

valves are opened slightly. Water is drawn from the bottom of the upstream channel into 

the culvert where it flows out into the lock chamber creating a slight hydraulic gradient. 

The warmer water rises naturally and flows from the chamber to the downstream channel 

by virtue of the hydraulic gradient. 

6. Other lock features 

Lock facilities may be equipped with some means of allowing vessels to tie off 

while waiting for their turn to lock through. These items include mooring cells, mooring 

buoys, and timber piles. These mooring facilities provide a place for the towboat to 

attach itself and/or its barges with a line. Without such devices, towboats must either 

push into the river bank or wait out in the currents of the river. Both options use more 

fuel (and thus create more pollution while the engines are idling) and can cause scour of 

the bank by the vessels propwash (water churned through the propeller). 

a. Mooring Cells 

Mooring cells are constructed in the same manner as guide cells but are 

located at a greater distance from the lock than the guide cells. The distance and location 

must be sufficient to permit a vessel departing the lock to safely pass the vessel moored 

to the cell. 
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b. Mooring Buoys 

Mooring buoys serve the same purpose as mooring cells. They are often 

found in areas where the river bottom conditions are less suitable for mooring cell 

construction. The mooring buoy assembly consists of an anchor or anchor pile(s) 

connected to a large floating buoy with a heavy anchor chain. The buoy is fitted with 

a mooring ring or other point to which the tow can attach a mooring line. 

c. Timber Piles 

Timber piles can be use in a wide variety of ways, but one of the most 

common is in clusters to provide a point of mooring. To create a substantial mooring 

7, 19 or 61 piles are driven in a cluster. Wire rope is tightly wrapped around each of 

the concentric ring of piles and secured to the piles with staples. The single center pile 

is generally longer than the rest and provides a post around which a line may secured. 

Mooring devices such as rings are attached to the outer piles to allow vessels to moor to 

the cluster. Timber pile clusters are less costly than cells but have a substantially shorter 

useful life. 

E. LOCK USERS 

Each lock on the inland waterways system is available for use by a wide variety 

of watercraft ranging from very large vessels and floating equipment to the smallest of 

personal watercraft. 

I. Commercial Vessels 

By far the most common users of most locks on the Upper Mississippi and Illinois 
Waterway are the commercial vessels, particularly tows made up of up to 15 jumbo river 

barges and a single towboat. Commercial passenger vessels include excursion boats like 

the Delta Queen and Mississippi Queen. 

a. Types 

Tows may be made up of box or rake cargo barges carrying a wide variety 

of bulk cargoes and manufactured items. Other tows are made up of specialty cargo 

barges used primarily for bulk petroleum products. 
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b. Dimensions 

The general cargo barges commonly used on the inland waterways are 35 

feet wide and between 185 and 200 feet long. The most common combination of these 

barges is in a 15 barge 3x5 configuration. This flotilla measures 105 feet wide and just 

under 1000 feet long. When a towboat is positioned behind this fleet the total length 

increases to about the 1200 feet, the same length as the largest locks on the waterway 

system. 

Barges in bulk liquid service are frequently 52.5 feet wide and come in 

a wide variety of lengths as befit their specialty service. When these tows are longer 

than 600 feet, they are locked through in two side-by-side segments in the smaller locks. 

c. Equipment 

The barges of a tow are lashed together with steel cables, referred to as 

wires. An eye on one end of a wire is fastened to a fitting on one barge, then wrapped 

back and forth around fittings on adjacent barges, terminating at a winch or to a deck 

fitting through a tensioning ratchet. 

2. Corps of Engineers Vessels 

The Corps of engineers operates a large fleet of working boats and barges. These 

vessels conduct dredging and other maintenance work on the waterway. 

3. Recreational Vessels 

Recreational vessels include a wide variety of sizes and shapes of privately owned 

vessels designed for the pleasure of its users. These may be small outboard motor boats 

like small fishing boats, to very large yachts capable of sleeping several families at a 

time. 

4. Personal Water Craft 

Personal watercraft include items such as canoes, inner tubes, wet bikes, jet skies, 

wave runners and the like. At lock facilities, these craft are handled with special care 

and under specific regulations designed to assure the safety of the vessels and their users. 
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F. ELEMENTS OF LOCKING 

1. Basic Operation 

Locks are operated through a system of valves, culverts, gates, intake, filling1 

emptying and discharge ports. The lock's filling and emptying systems utilize the 

principle that water seeks the lowest elevation. The emptying and filling systems use the 

culverts and valves to guide and control the movement of the water. No pumping is 

required. (See Figure 11-25) 

For a vessel traveling downstream (a downbound vessel), the lock chamber is first 

filled, if it is not already at the upper pool level, by closing the upper and lower lock 

gates and the downstream valves, and opening the upstream or filling valves. The level 

of water in the chamber rises to the upstream level, as the water from the upper pool 

flows through the culverts and into the lock chamber. The upper gates then open and 

the vessel proceeds into the chamber. 

Once the vessel is secured inside the lock chamber the upstream gates are closed. 

The vessel is then lowered by closing the filling valves and opening the downstream or 

emptying valves. The water in the chamber flows back into the culvert and then out into 

the lower pool, lowering the water level within the chamber until it is equal to the water 

downstream of the lock. When the water level in the lock chamber is even with the 

lower level, the lower gates are opened and the vessel proceeds out. The process is 

reversed for vessels going upstream (upbound vessels). 

2. Priority of Vessels 

The use of locks is conducted in accordance with published regulations. 

These regulations set priorities based on the classification of the vessel requesting the 

lockage. In general the vessel arriving first at the lock has the preference to be the first 

to be locked through. However, precedence is first given to vessels of the United States. 

Licensed commercial vessels operating on a published schedule or in regular "For Hire" 

service are given precedence over cargo tows and like craft. Cargo vessels are given 

precedence over recreational craft. 

June 1995 





Section 1 1 1  



Ill FACTORS AFFECTING LOCKAGE TIME 

A. LOCKING PROCEDURES 

Locking procedures are typically a matter of policy and are not within the scope 

of this report. Current policy does, however, effect the lock efficiency improvements 

suggested. One in particular, "N-up/N-down" policies such as CupMdown, dictates the 

number of lockages accomplished in one direction before the lock operates for tows in 

the opposite direction. Some of the methods suggested in this report may be more 

effective depending on the type of lockage policy in place. This report does not suggest 

changes to existing policy measures, but rather identifies those policies which have a 

bearing on the efficiency of the recommended measure. 

B. TOW CONFIGURATION 

There are several different types of tow configurations for lockage. Most of the 

locks on the Upper Mississippi and the Illinois Waterway are 110'x 600' locks. Only 

three locks on the Mississippi River (19, Melvin Price, and 27) have 110'x 1200' 

chambers. In addition, ice accumulation on the lock walls in the winter tends to narrow 

the available space for tows in the chambers. Because of the size limitations of the 

locks, many of the tows must be reconfigured before and after locking in order to fit in 

the chamber. (See Figure 111-1) 

1. Straight Single 

In this configuration, a tow's length and width does not exceed the size of the 

lock chamber it is preparing to enter. It therefore does not require reconfiguration and 

can enter the lock in an expeditious manner. 

2. Knockout Single 

In a knockout configuration, the combined length of barges and towboat is too 
long for the lock. A knockout can meet the length and width requirements of a lock by 

moving the towboat off the end of the barges and into a "notch", a hole in the barge 

configuration. Only the towboat is required to move in a knockout configuration. 
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3. Set-over Single 

In a set-over tow, the towboat and one or more of its barges are separated as a 

unit from the remaining barges to be "set over" to one side in order to fit the lock. 

4. Double (or Mulitple) 

In a double lockage, the length and/or width of the tow exceed the limits of the 

lock and the tow is usually locked through in two or more segments. The most common 

form of double lockage is for 15 barge tows through 600' locks. The first 9 barges (3 

wide and 3 long) are locked through as the "unpowered cut". The unpowered cut is 

secured to the guidewall after lockage while the "powered cut" (the towboat and 

remaining 6 barges) locks through. 

C. TYPE OF LOCKAGE 

There are three types of entriesjexits that a vessel can make at the lock; fly, 

turnback, and exchange. 

1. Fly 

A fly entry occurs when the tow approaches an idle lock which is already at the 

proper pool level to receive it. A fly exit is when the lock will be idle following the 

vessel's departure. 

2. Turnback 

A turnback entry occurs when the lock must be turned back, empty, from a 

previous lockage to accept the next vessel which is traveling in the same direction as the 
first. A turnback exit is when the lock must again be turned back, empty, to receive the 

next vessel. For example, vessel A is proceeding upstream followed by vessel B. After 

vessel A is raised to the upper pool, the lock is emptied or "turned back" in order to be 

ready to receive vessel B. Also, tows that are too large to fit in the chamber are 

typically broken down so that the first group of barges, the "unpowered cut" can be 

locked through, followed by a turnback to lock through the powered cut. 

June 1995 



3. Exchange 

An exchange entry or exit occurs when a vessel outbound from the lock passes 

a vessel inbound to the lock. The outbound vessel is in an exchange exit and the inbound 

vessel is in an exchange entry. 

D. SKILL OF CREW 

The actions of those people on the tows and at the locks play a significant role 

in lock processing time. The master or pilot of a vessel must align the tow with the 

guidewall to enter the lock. The deckhands must uncouple any barges for reconfiguration 

and secure them to the guidewall or lock wall. The lock personnel may assist with the 

mooring lines of the tow and its barges. Once the vessel is secure, lock personnel must 

close the gates, empty or fill the chamber, and then open the gates at the opposite end. 

If extraction of an unpowered cut is required, tow haulage equipment must attached and 

operated as well. Deckhand will tend lines during exit and reconfiguration with 

assistance from lock personnel if required. 

The skill of those involved in this process can have a substantial impact on the 

time it takes to accomplish it. An unskilled crew, be they either lock personnel or vessel 

personnel, may take up to three or four times as long to complete a double lockage than 

an experienced crew. 

E. SOPHISTICATION OF COUPLING AND UNCOUPLING GEAR 

The mechanical means by which the barges and towboats are fastened to each 

other affects the speed of reconfiguration. Modem equipment can decrease the time it 

takes to break-up and make-up, setover, knockout and double tow configurations. 

F. DIRECTION OF TRAVEL 

1. Upbound 

Tows traveling against the river's current (upbound) make slower transits than 

those traveling with the river's current (downbound). Although an upbound vessel makes 

slower approaches and exits, it does maintain greater maneuverability because of the 

water flowing past the vessel's rudders. 
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2. Downbound 

Vessels traveling downbound make faster transits, but loose maneuverability as 

they approach the lock structure because the relative speed of the water flowing past the 

rudder approaches zero. 

G. VESSEL LOADING AND CARGO 

A fully laden fleet of barges has less freeboard, greater draft and a lower center 

of gravity than a fleet of empty barges. These factors greatly affect vessel 

maneuverability and thus vessel speed on approach to the lock. A lower freeboard means 

the vessel is less susceptible to the forces of the wind, but the greater draft makes the 

vessel more susceptible to river currents, eddies, outdrafts, and tailwater currents. The 

increased draft also increases the turning radius of the vessel as the amount of water 

beneath the vessel decreases, particularly upon approach to the lock. 

Towboats pushing a mixture of laden and unladen barges or an asymmetrical 

configuration must also account for the changes in vessel handling characteristics 

resulting from a horizontal shift of the center of gravity. A vessel hauling dangerous 

materials may also be subject to additional precautions and slower transits due to the 

nature of its cargo. 

H. CURRENT CONDITION 

Currents in the Upper Mississippi River and the Illinois Waterway are affected 

by the configuration of the river basin, the flow of tributaries into the river, the amount 

of rainfall in the contributing drainage basins, releases from hydropower plants and 

dams, and lock operation. Currents play a major role in the maneuvering of vessels, 

particularly when the vessel is approaching a lock. 

1. WEATHER CONDITIONS 

The weather plays an important role in the operation of vessels on the rivers. 

Rainfall not only affects currents and water levels, but it can also restrict visibility and 

make work on steel decks slippery. Snow and sleet have similar effects, and ice 

conditions can completely shut down traffic flow in the rivers. Locks filled with ice may 

require both gate and valve machinery to be heated. Decks and ladders become slippery 

and ice may accumulate on the rake end of the barge, increasing the danger of damage 
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to the sill. Fog, haze, and smoke may also impair visibility, thereby slowing approaches 

to and exits from the lock. 

J. WATER LEVEL DIFFERENTIAL BETWEEN POOLS 

The water level differential between the upper and lower pools affects the amount 

of time it takes to fill or empty the lock chamber. The water level for all pools above 

Lock 27 is controlled by spillway releases from the dams. Locks in the study area are 

typically medium lift locks with pool differentials ranging from about 10 to 20 feet. 

K. TIME OF DAY 

The time of day also effects the speed of the locking process. Nighttime 

approaches to lock facilities are much more difficult than daytime approaches and, as a 

result, they tend to be slower. 

L. VESSEL MANEUVERABILITY 

There are a variety of towboats on the rivers today and they all have different 

characteristics that affect the speed with which they can accomplish an approach, exit or 

reconfiguration. These vessels characteristics include, but are not limited to, 

horsepower, screw and rudder configuration, the availability of a bow thruster (or bow 

boat), and the length, draft, beam and hull shape of the towboat. 
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IV  THE STUDY AREA 

A. LOCKS UNDER STUDY 

This study deals with locks on the Upper Mississippi River and Illinois Waterway. 

The majority of these locks were built in the first half of this century under a system- 

wide plan. Although technology evolved during the construction process, many of the 

locks retained similar features. 
In order to simplify this study process, a "standard" lock was identified as the 

baseline facility against which improvements will be evaluated. The "standard" lock is 

defined as one with these characteristics; 

1. a single 600' x 110' chamber, 

2. miter gates at each end, 

3. a 600' upstream guidewall, 

4. a 600' downstream guidewall, 

5. cable and winch tow haulage equipment on both ends, 

6. an unpowered traveling kevel on the upstream guidewall, 

7. an interior monolithic culvert fillingtemptying system, 

8. an open river location with an adjacent dam, 

9. medium lift (10'-20') ability, 

10. control stations at both ends of the lock, 

1 1. a two-person operating crew, and 

12. run by the U. S . Army Corps of Engineers. 

The two locks visited by the Consultant were chosen to represent this standard 
lock. They were Lock 24, on the Upper Mississippi River, and Starved Rock Lock, on 

the Illinois Waterway. 

All of the proposed small scale improvement measures have been evaluated 

against this "standard" lock. Lock facilities that vary from this standard, such as those 

with two chambers or different dimensions, may have greater or less success with the 

proposed measures. 

B. SITE VISIT - STARVED ROCK LOCK 

On August 16th and 17th, 1994, the Consultant visited Starved Rock Lock and 

Dam at Milepost 23 1.0 on the right descending bank of the Illinois Waterway at Utica, 

Illinois. (See Figures IV-1 and IV-2) The Consultant met with and interviewed a 
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number of lock personnel including Larry Collins (Lockmaster), Mark Witalka (Assistant 

Lockmaster), Adrian Estes & George Swartz (Shift Chiefs), and Don Henke, Dennis 

Beedle, and Jay McNall (Lockmen). They were extremely helpful during the visit. 

1. Site Information 

Starved Rock Lock is located on the right descending bank of the Illinois River 

near Utica, Illinois, between Ottawa and LaSalle, across from Starved Rock State Park. 

Marseilles Lock and Dam is about 14 miles upstream and Peoria Lock and Dam is about 

73 miles downstream. The modern Illinois Waterway was started by the State in 1920. 

Due to lack of funds, it was turned over to the Corps of Engineers in 1930 and 

completed in 1933. Starved Rock Lock and Dam was one of 8 lock & dam facilities 

completed during this time frame. 

Starved Rock Lock has one 110' x 600' chamber and typically locks vessels 

across a 15'-19' head differential. It has a 600' landside guidewall at each end. The 

upstream approach has two guide cells on the landside, two guide cells on the riverside, 

and two mooring cells upstream on the river side of the approach. The downstream end 

has a 60' rock wall on the riverside of the bullnose to protect unpowered cuts from the 

discharge over the dam. A red buoy marks the confluence of the dam's discharge with 

the navigation channel. There are no mooring facilities on the downstream end. 

The dam uses tainter gates that are controlled by electric motors from the 

walkway above. Gates 1 and 2 have protective covers that allow people to work inside 

them during the winter. The City of Peru is building a low head 7.6 MW hydroelectric 

plant between the lock and the dam. It is expected to be operational next year. The 

presence of the hydroelectric plant could alter the flow characteristics in the upstream and 

downstream approaches. 

2. Conditions During Visit 

Weather and water flow conditions at the site during those two days were roughly 

the same. The gates on the dam were opened a total of 5' ,  flow conditions were normal, 

winds were light, temperatures were in the mid 70's during the day and mid 50's at 

night. Conditions were ideal for lockage. 

3. Lock Users 

ACBL (American Commercial Barge Line) and ART Co. (American River 

Transportation Company) are the two largest commercial users of this lock. Other major 
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companies include Ingrarn and WKN (Western Kentucky Navigation). The lock sees a 

great deal of recreational boaters on the weekend because of nearby marinas and state 

parks. 

4. High Flow Conditions 

High flow conditions on the river create high outdraft conditions that pull 

towboats away from the upper end the lock towards the dam. This condition is 

particularly important for downbound towboats who get the front end of the tow between 

the guidewall and the bullnose, but allow the stem to drift towards the dam. Outdraft 

conditions, marked by a large orange circle on the upstream guidewall, are signalled to 

mariners when the gate opening on the dam is 15.5' or higher. 

During outdraft conditions, towboats wait their turn to lock further away then 

usual. Downbound vessels either wait at the marina upstream or they back into an 

adjacent cove. Towboats can request a helper boat, but may have to wait several hours 

for one from Ottawa to arrive at the lock. Typically, downbound vessels are met at the 

end of the guidewall and the head of the barge is checked on buttons as it moves towards 

the gates. Six barges were lost to the dam last March under high outdraft conditions. 

Lock personnel felt that more traffic was being moved during high flow conditions than 

in previous years. 

5. Winter Conditions 

Ice conditions on the river have a significant impact on the lock and its users 

during the months of December, January, and February. Ice forms along the walls in 

sheets as the water in the chamber is emptied and filled. It also forms a ledge along the 

high water mark of the chamber that grows with each fill cycle. Ice that forms on the 

river flows downstream into the gate recesses or is pushed there by moving tows. Ice 

can sometimes be flushed over the dam or locked through, but it often is impeded by the 

ice that is downstream. The ice also builds up in layers as it is pushed on top of itself 

resulting in "ice gorges"; river conditions where there is so little water that towboat 

propellers are unable to get a "bite" on the water in order to move. 

Ice is a particular problem when it gets into the gate recesses. It prevents the 

gates from opening fully and in some cases has caused the lock to impose a 70' width 

restriction (2 barges wide) on tows. 
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Lock personnel use a number of methods to keep the lock open, including pike 

poles, steam lines, an air bubbler system, and fanning the gates. Delays still result, and 

the lock must then impose policies such as "double tripping" (excess barges are pushed 

into the ice) and ice couplings (box to rake or rake to rake barges at the coupling). Tow 

companies cooperate with the locks in the winter by providing a RIAC (River Industry 

Action Committee) Emergency Officer to manage the traffic flow. 

Tugs occasionally break up ice in front of the dam so that it can flow away from 

the approach. They will also back up to the gates and use their propwash to clear away 

the ice. Even if the ice is broken, it may still have no place to go if the downstream side 

is frozen over as well. 

The air bubbler system is operated from a rented diesel compressor in the winter. 

The lock is scheduled to receive a permanent electric compressor before next winter. 

The compressor provides air to 3 installed lines in the forebay; along each of the 

upstream recesses and directly across the forebay. The air bubbles create open water by 

disturbing it from below. 

Starved Rocks Lock frequently acts as a "test bed" for new projects developed by 

the Army's Cold Regions Research Engineering Lab (CRREL). Some of their 

experiments include a 3' x 8' x 0.5" heat panel installed in a lower gate recess at the 

high water line. This thin plate reportedly kept the ice ledge from building up in this 

location last winter. The panel is made from commercially available parts, including 

industrial grade heat tape, and is still in place. 

The heated water jet is another CRREL experiment that did not receive good 

reviews at the lock. This device looks like a small electric trolling motor on a long pole. 

The small propeller sends water through a heated coil to melt ice with the resulting warm 

water. The lockmen stated that it was difficult to work with, slow, and not very 

effective. 

6. Trash Problems 

Lock personnel felt that trash significantly slowed their fding time because it 

accumulated on the intake screens. When a screen is removed and brought to the surface 

after years of use, it is a fused mess of tires, trees, and rope. The trash is packed in so 

tight that it must be burned off. Trash also floats free when barges are uncoupled. 

Debris that includes 40'-50' trees is not uncommon. Floating trash is usually moved out 

of the way with pike poles. 
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7. EmptyingIFilling System 

It takes about two minutes to open or close a valve. The intakes, located in the 

upper miter gate recesses, create a significant vortex just above the upstream sill. 

Recreational vessels are required to keep clear, but ice and trash are pulled down into 

the intakes. Valves are sometimes opened in increments so as to avoid pulling the trash 

and ice down as well as to avoid putting strain on an unpowered cut at the upstream 

guidewall. 

The intake screens were last cleaned in 1987, and there is no scheduled 

maintenance program for them. The lockmaster would like to see the screens inspected 

and cleaned every 2 years. Replacement screens could be installed as soon as the old 

ones were removed in order to minimize the lock's down-time. 

There are 10 3'xS' ports in the chamber from the 12' diameter culvert. Vessels 

in the chamber must be tied off to the wall or "push up" against it (under power) because 

of the turbulence created during filling. Vessels will surge on their lines as the chamber 

is filled or emptied. When a chamber holds a cut that extends the full length, the water 

flow during filling will cause the vessel to surge downstream and then back upstream. 

This is probably due to the upstream ports filling the chamber before the downstream 

ones are fully utilized. 

The discharges are all located just below the sill in the guidewall and bullnose. 

Emptying the chamber with fully opened valves and a 15' head causes significant 

turbulence in this area. The turbulent water continues to move downstream for about 

200-300 feet before visually dissipating. When an unpowered cut is just below the 

bullnose, it is especially susceptible to the full force of the discharge. Lock operators 

will therefore open the valves part~ally until the head is reduced. They will also open 

the landside valves more than the river side so as to divert the flow of turbulent water 

away from the guidewall and out the opening between the bullnose and the aft end of the 

unpowered cut. Upbound towboats waiting on the guidewall during the turnback of the 

lock are also subject to these forces. The flow from the discharge actually pulls barges 

at the lower end towards the lower miter gates. 

Another important aspect of the filling/emptying system is the need to leave 

valves open as cuts are extracted at the downstream end. When an unpowered cut is 

pulled from the chamber, water must be allowed to flow back into the chamber through 

the discharges to fill the water void left behind by the moving vessel. The discharges, 

therefore, also act as intakes. 
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8. Tow Haulage Equipment 

Starved Rock Lock is equipped with two cable winch tow haulage units and one 

unpowered traveling kevel (on the upstream guidewall). While the chamber is being 

emptied or filled, the eye of the wire rope is led by hand from the sheave (located just 

outside the chamber on the wall) over the miter gates (while they are closed) and looped 

over small metal posts on the railing to keep it out of the water. It is then pulled with 

an electric cart to the quarter kevel on the first barge. As the gates are opened, the wire 

rope is tended so as not to be caught in the recesses. Once the gates are fully open, the 

cable is cast off the railing and into the water. 

The tow haulage unit is then engaged and the slack is taken up. The unit takes 

a strain on the barges and pulls them out with a constant tension force. The cable is only 

led about 120', so when the quarter kevel is abeam of the sheave, the wire rope is 

removed and the momentum of the barges normally carries the full cut out of the 

chamber. If the unpowered cut slows or stops, then the wire rope is led back to another 

kevel and the tow haulage unit gives the cut another tug. 

If the unpowered cut is going upstream, its head is made off to the unpowered 

traveling kevel. The stern of the cut is checked on one of the buttons on the guidewall 

once it is clear of the chamber. The stem of the cut does not travel past the first 

upstream guidecell. At this lock, the guidecell is used to allow recreational boaters 

access to the lock between the bullnose and the guidecell so they can lock through during 

the tumback of a double cut (commercial vessel) lockage. 

9. Gate Operating System 

It takes about 2 minutes to open or close a gate. The operator can easily see 
when the gates are in their recesses (open position), but can not readily see (from their 

position on the lock wall) if there is a tree, ice, or other form of debris caught in the 

miter (closed position). For this reason, they will walk out onto the gates when they are 

in the closed position to make sure that there is a clean seal before the valves are opened 

or closed. 

10. Mooring Cells 

Two mooring cells are provided on the riverside of the upstream approach 

channel. Towboats will often tie up here while awaiting lockage, but they will not break 
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their coupling here. There are no mooring cells downstream of the lock, so barges must 

either push into the bank or idle in the river. 

11. Other adverse weather conditions 

Tows will typically stop running in fog or snow because the low visibility 

prevents them from seeing the wing dams along the shoreline. They are not allowed to 

"hang on the lock wall" during low visibility. If they begin a lockage, then they must 

complete it. 

Wind can be a significant problem for towboats with empty barges and for 

recreational vessels. Pilots and Masters will typically call ahead to check on the wind 

conditions and a wind sock is provided at the lock. Winter winds are out of the NW and 

are usually the strongest. Windbreaks are not considered desirable because of the 

resulting decrease in visibility. 

12. Lighting 

The current lighting at Starved Rock Lock creates a number of dark spots. Lock 

operators complained of the inability to see well because of the lighting. 

C. SITE VISIT - LOCK 24 

On August 18th and 19th, 1994, the Consultant visited Lock and Dam 24 at 

Milepost 273.4 on the Upper Mississippi River. The Consultant met with and 

interviewed a number of lock personnel including Chris Morgan (Lockmaster), Cindy 

Zimmerman (Administrative Assistant), Charles Marshall and Garry Vetter (Shift Chiefs) 

and Bob Blankenship and Mike Reynolds (Lockmen). Everyone was very helpful during 

the visit. 

1. Site Information 

Lock and Dam 24 is located on the right descending bank of the Upper 

Mississippi River at Clarksville, Missouri. Lock and Dam 22 is located about 28 miles 

upstream and Lock and Dam 25 is located 32 miles downstream. (There is no Lock and 

Dam 23.) Lock and Dam 24 was part of the navigation project to provide a 9-foot deep 

channel on the Upper Mississippi River and was built between 1936 and 1940. (See 

Figures IV-3 and IV-4) 
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The facility consists of a main lock and upper gate bay for an auxiliary lock (for 

future use). In 1982, a closure dike was constructed just above the auxiliary gates as a 

temporary measure until the deteriorating gates could be replaced. The gravity dam's 

15 80-foot wide by 25-foot high tainter gates are used to regulate the upper pool and are 

not navigable. (See Figure IV-5) 

Lock 24's 60efoot long by 110-foot wide reinforced concrete structure is made 

up of two independent monolithic wall structures founded on bedrock (shale) at 416.5 

NGVD. The floor of the lock is natural shale at approximate elevation 42 1.5 NGVD. 

The top of the lock wall is at elevation 457 NGVD. The filling and emptying system 

contained within each lock wall consists of an interior, ported intake manifold upstream 

of the upper gate recesses, a 12.5' wide by 14' high internal culvert with 20 filling and 

emptying ports in each wall, and a ported discharge manifold downstream. The upstream 

gate sill elevation is 430 NGVD and the downstream sill elevation is 422 NGVD. 

Maximum lift is designed to be 15'. The auxiliary gate bay is similar in all respects to 

the upper gate bay of the main lock except that the sill elevation is 425 NGVD. 

Both the upstream and downstream guidewall are 600' and are founded on 

bedrock. Base widths range from 14.5' to 16.5 feet with top widths of 5'. The elevation 

of the top of the upper wall is 457 (same as the lock walls). The elevation of the lower 

wall is 455 NGVD. A riverside guardwall is located on the upstream end of the 

auxiliary chamber and is flared to approaching traffic. It is a solid wall above the water 

surface, but is supported on sheet pile cells below the water surface. A single trash 

chute provides an outlet for debris accumulated in the forebay. 

The minimum upper pool water elevation is 445.5 and the maximum regulated 

upper pool elevation is 449 NGVD. During the flood of '93, the upper pool reached 

460.02 NGVD. The lowest tailwater elevation for lockage is 434 NGVD. 

2. Conditions During Visit 

Weather and water flow conditions at the site during the two day visit were 

roughly the same. The gates on the dam were opened a total of 30'' winds were light, 

temperatures were in the 90's during the day and 60's at night. Outdraft conditions are 

considered to exist when the dam has 25' or more open. Thus, the outdraft warning was 

displayed at the upper guidewall. The pool differential was 10'. 
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3. Lock Users 

There are a wide variety of towboat companies using this lock. Unlike the Illinois 

Waterway, which serves a few major towboat companies, locks on the Mississippi see 

a wide spectrum of commercial vessels. The lock will occasionally serve a 16 barge 

tow; the towboat will carry the extra barge "on the hip", meaning alongside. It can take 

an extra 5-10 minutes to lock through a 16 barges tow because of the need to ensure that 

the second cut is fully inside the chamber before closing the gates. Recreational vessels 

are also heavy users of the lock, particularly on the weekends. 

4. High Flow Conditions 

High outdraft conditions exist during high flow conditions on the river. The 

volume of flow is measured in cfs (cubic feet per second) but is more easily referred to 

by the total amount of opening on the dam. Outdraft warnings used to be given when 

the dam had 30' of gate open. Due to the high number of accidents attributed to outdraft 

when the gates were at 27-28', the Corps of Engineers decided to give outdraft warnings 

to mariners when the dam was at 25' of gate opening or more. 

The "Polly Jo", a commercial helper boat, moors in the forebay of the auxiliary 

chamber of the lock. It is manned around the clock and is a private commercial 

enterprise. The helper boat and the lock provide mutual support for each other in the 

form of icebr-g for the lock and electrical services for the boat. The helper boat is 

available to all vessels using the lock and is frequently used in keep the head of 

downbound barges in next to the guidewall during the approach. The helper boat pushes 

on the head of cut, perpendicular to the direction of the towboats movement. With the 

head of the cut held into the wall, the master or pilot can maneuver to put the stern of 

the towboat on the guidewall as well. Use of the helper boat does not always provide 

insurance against barges being pulled into the dam. If the towboat is not successful in 

keeping its stern on the wall, it may get caught against the riverside guidewall and break 

off barges. (See Figure IV-6) 

The helper boat charges the towboat's parent company $150/hr with a minimum 

of 1 hour charged. Use of the boat is at the discretion of the master or pilot. Lock 

personnel may not require the towboat to use the helper boat, though they consider its 

use to contribute to a safer and faster lockage. The lockmaster suggested that tow 

companies be charged a flat (annual) rate for the helper boat in order to separate the 

masterlpilot's safety decisions from economic ones. 
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5. Winter Conditions 

Ice conditions are a factor in winter operations of the lock. Ice accumulates at 

the upstream approach, but there is usually clear water downstream. Ice accumulates on 

the lock walls and may form a ledge at the high water elevation. Covers are placed over 

the gate gears to keep the snow and ice out. The lock has no steam lines (like Starved 

Rock), but it does have an installed air bubbler system. Ice conditions occasionally cause 

the lock to implement a 70' wide restriction on tows. 

Downbound vessels may push so much ice ahead of them that they may have to 

wait for two ice lockage before proceeding into the lock themselves. When a downbound 

tow recouples on the guidewall, lock personnel may have to move the first cut past the 

bullnose in order to allow accumulated ice to flush out into the river. 

The installed air bubbler system provides air across the forebay, along the upper 

gate recesses, and along the upstream side of the upper gates. Although the system is 

not designed to keep ice from forming, it is reportedly very effective in creating open 

water to move ice. 

6. Trash Problems 

Debris, particularly trees and branches, is a problem at Lock 24. The flared 

guardwall has one small opening along the surface of the water for the removal of trash. 

The lock's major rehabilitation calls for more trash openings and this should relieve some 

of the problem. This guardwall is open below the surface and supported on piles which 

tend to accumulate submerged trash as well. 

7. EmptyingIFilling System 
There are 6 intakes on the landside upstream guidewall, and 3 on either side of 

the upstream bullnose. Unlike Starved Rock, where the intakes are in the gate recesses, 

these intakes are in the guidewall monolith. There was no apparent vortex of water 

above the gates during filling. Unless the vessel in the chamber is three barges wide, 

the intakes are not opened fully until the head is reduced to minimize turbulence in the 

chamber. 

The discharge arrangement includes a small basin on the landside of the 

downstream guidewall. The discharge from the landside culvert emptied through 8 ports 

on the river side of the guardwall and 2 ports into the basin on the opposite side of the 

guidewall. The bullnose has three discharge ports on each side. This diversion of water 
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away from the navigation channel was seen by lock personnel as a time saver and a 

safety measure. They would like to have more of the discharge diverted outside of the 

guidewall/bullnose. 

The lockmaster stated that it took approximately 9-1 1 minutes to empty a 10' head 

differential if there was a vessel or cut on the lower guidewall, and about 6 minutes if 

there were no vessels on the lower guidewall. The slower emptying time is because the 

valves are opened at a slower rate so as not to place an excessive strain on lines holding 

an unpowered cut on the lower guidewall. 

The opening of intake valves to "flush out" a downbound cut when the lower 

gates are open is prohibited, except when the lower pool is so low that a tow can not exit 

over the sill. 

8. Tow Haulage Equipment 

Lock 24 is equipped with two cable winch tow haulage units (one at each end of 

the lock chamber) and one unpowered traveling kevel (on the upstream guidewall). Once 

the gates are opened, the cable is hauled to the barge kevel with the electric cart. It is 

then attached to the cut and the winch is engaged. (Note: Starved Rock led the cable 

by hand while the gates were closed, then slipped it off the wall when the gates were 

opened.) Lock 24's procedure delayed the extraction of the cut slightly, but required less 

physical effort). The configuration of the lock's handrails and machinery prevents the 

cable from being hauled by cart before the gates are opened. 

Upbound cuts are hauled from the half kevel when the dam is at 30' of gate and 

from the head kevel when the dam is at 60' of gate. The reason for pulling from the 

head kevel in high flow conditions is to provide a more lateral pull during extraction. 

Downbound cuts are extracted with care because they tend to pick up speed (from the 

dam's discharge) when they still have 200' left in the chamber. This condition has 

become worse since the Flood of '93 because a newly created sandbar diverts the dam's 

discharge more towards the lower guidewall than before. 

9. Gate Operating System 

The gates required about 2 minutes to fully open or close. Lock personnel did 

not walk out onto the gates to check the miter before emptying or filling the chamber. 
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10. Mooring Cells 

The only mooring facility downstream is a mooring buoy that sits out in the 

middle of the river (away from the approach). During the Flood of '93, there were as 

many as 5 towboats with barges attached in a line off of this buoy. 

Vessels upstream of the lock use the right descending bank to wait their turn to 

lock. They typically snag a tree with a line or cable from the stern of the towboat. This 

practice has damaged a number of trees and eroded some of the shoreline. Lock 

personnel have placed a ship's anchor on the shore with a length of heavy duty chain 

marked by a white milk jug for towboats to tie off to. Erosion still occurs because of 

the towboats propwash, but the trees are not damaged. 

Some towboats will wait in the calm water just below the rock dike on the 

Missouri bank of the river just upstream of the lock. The lockmaster has sounded the 

area upstream of the rock dike and found a natural rock ledge that he feels would be a 

good setting for mooring facility. In the meantime, he is pursuing the additional of 

timber mooring posts along the treeline upstream of the current mooring chain location. 

11. Other adverse weather conditions 

Wind causes a problem at the lock, particularly for empty barges. The existing 

high ground at Clarksville disrupts the natural wind flow, causing the wind to generally 

parallel the lock structure. 

12. Lighting 

Lock personnel felt that the lighting was poor and created difficult working 

conditions because of their low intensity and placement on the walls. They would like 

to see brighter, fewer lights that are not obstacles on the lock or guidewalls. 

D. STOPWATCH DATA ANALYSIS 

The following data analysis is meant for informational purposes only. The 

minimal number of data points are not statistically significant to allow a more detailed 

analysis. 

The time elements of locking that are dependent upon the lock itself include the 

opening and closing of gates, as well as the filling and emptying time required. The gate 

operating time is a function of the design speed of the machinery. The filllempty time 

is a function of the head differential (which affects volume and flow) and, to a lesser 
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extent, the culvert system that transmits the flow. During the Consultant's visits, Starved 

Rock Lock had a head differential of 16' and Lock 24 had a head differential of 10'. 

The average time for these processes are as follows; 

The difference in fillinglemptying time between the two locks can be attributed 

to the difference in head differential. The half-minute difference in time between 

emptying or filling at each lock may be attributed to the culvert design and hydraulics 

involved. It takes less time to fill the chamber than to empty it. 

The approach and exit phases of lockage are subject to a great deal of variation 

in time. This time is a function of the tow configuration, size, horsepower, and speed, 

as well as the channel configuration. In addition, lock operators record a start of lockage 

(SOL) and end of lockage (EOL) based on the previous and follow-up lockage. SOL and 

EOL do not necessarily represent the time a vessel anives at a certain spot, but rather 

when the lock is able to transfer its tows form one customer to the next. A lock operator 

does not have a "bird's eye" view of the process either. He or she must estimate some 

of the time elements based on a low-level visual picture of the channel. These estimates 

become even less accurate at night or when a vessel is around a bend in a channel. 

The following tabular data is based on a very small number of observations and 

under a variety of conditions that include single, double, and setover configurations as 

well as turnback, fly, and exchange entrieslexits. It is merely meant to give the reader 

a sense of the time elements of a lockage. Actual times varied from 2 to 55 minutes. 
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Average 

2 

10 

9.5 

Lock 24 

2 

7 

6.5 

OpenIClose Gates 

Empty Chamber 

Fill Chamber 

Starved Rock Lock 

2 

13 

12.5 



The approach times are averaged from SOL to when the gates first start to close. 

The exit times are averaged from the last time the gates are fully opened until EOL. 

These times are extremely variable. 

Therefore, the average time for a single lockage for a vessel going downstream 

would be; 

This time series can also be represented graphically. (See Figure IV-7) 

A double lockage, however, includes many more time elements. In general, there 

are two additional time series elements to add to the overall process along with multiple 

gate and chamber elements. Afkr the first (unpowered) cut is raised or lowered, it must 

be pulled out of the chamber before the lock is turned back for the second cut. The first 

cut is usually 6 (3 long and 2 wide) to 9 (3 long and 3 wide) barges. Its removal is a 

function of the power of tow haulage unit, whether or not it is being pulled upstream 

(against the current) or downstream (with the current), and the ability of the deckhands 

to stop and moor the cut. 

Once the lock is turned back and ready for the second cut, the towboat must push 

its barges in and be secured to the lock wall. The timing of this element (the second cut 

entering the lock) is primarily a function of the number of barges it is pushing. This 

may range form 0 (towboat only) to 6 (2 long and 3 wide) and may even include an extra 

barge on each "hip" of the towboat. The site visit data, however, only includes second 

cuts with barges from 0 to 6. 

Starved Rock Lock Lock 24 Average 

- 
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First Cut (Removed) 

Second Cut (Enter) 

Approach 
Gate (Close) 

Empty 
Gate (Open) 
Exit 

TOTAL 

Starved Rock 
Lock 

18 

10 

29 
2 

13 
2 

26 

72 

Lock 24 

16 

6 

19 
2 
7 

2 

14 

Average 

17 

8 

24 
2 

10 
2 

19 

44 1 57 



Therefore, the total average times for a double lockage of a vessel going 

downstream would be 

This time series can also be represented graphically. (See Figure IV-8) 

Again, these numbers are rough estimates from limited data under varying 

conditions. They are intended to give the reader a feel for how long it takes to lock 

through a single (about an hour) and a double (about 2 hours). 

Proposed small scale improvements can now be compared to the time table 

shown. For example, doubling the speed of the gates (1 minute to operate instead of 2) 

would eliminate about 6 minutes from a double lockage. A 5 % increase in filling speed, 

however, would decrease the total filling time by a minute, thereby only saving 1-2 

minutes in the overall time sequences. 
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Average 

24 

2 

10 

2 

17 

2 

9.5 

2 

8 
2 

10 

2 

19 

109.5 rnin 

1 hr 50 min 

Lock 24 

19 

2 

7 

2 

16 

2 

6.5 

2 

6 

2 

7 

2 

14 

87.5 min 

1 hr 28 min 

Approach 

Gate (Close) 

Empty 

Gate (Open) 
First Cut (Remove) 

Gate (Close) 

Fill 

- Gate (Open) 

Second Cut (Enter) 

Gate (Close) 

Empty 

Gate (Open) 
Exit 

TOTAL (min) 

(hourslmin) 

Starved Rock 
Lock 

29 

2 

13 

2 

18 

2 

12.5 

2 

10 

2 

13 

2 

26 

133.5 min 

2 hr 14 min 



Time Elements of Single Lockage (Average) 
Figure IV-7 

Time (Minutes) 
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C = Gate Operation 
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E = Exrt 

Time Elements of Double Lockage (Average) 
Figure IV-8 
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June 1995 



Extended guidewalls are another proposed small scale improvement. A separate 

time series analysis of the site visit data (Appendix 111) shows that this measure would 

eliminate the time between "Cuts Bump Together" and "Tow Starts Exit" for a double 

lockage. Extended guidewalls allow the tow to complete a continuous exit without 

stopping to remake the tow while the stem is still in the chamber. For 10 to 15 barge 

tows, this results in an average time savings of 12.5 minutes. This savings only occurs, 

however, when there is equipment on hand to extract the first cut out to 1200' (as 

opposed to 600') and the next vessel to be locked is traveling in the same direction as the 

first (m an exchange entrylexit) . 
With these time elements in mind, the proposed small scale improvements can be 

evaluated for their ability to save time as well as their cost effectiveness in this regard. 
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Extended guidewalls are another proposed small scale improvement. A separate 

time series analysis of the site visit data (Appendix 111) shows that this measure would 

eliminate the time between "Cuts Bump Togethern and "Tow Starts Exit" for a double 

lockage. Extended guidewalls allow the tow to complete a continuous exit without 

stopping to remake the tow while the stem is still in the chamber. For 10 to 15 barge 

tows, this results in an average time savings of 12.5 minutes. This savings only occurs, 
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Section V 



V POTENTIAL SMALL SCALE MEASURES 

A. INTRODUCTION 

The primary purpose of this study is to generate a list of potential lock 

improvements and, from this list, identify those measures with the greatest potential for 

further study. In order to accomplish this task, the study team compiled a list of possible 

actions from previous reports as well as from informational meetings with agencies and 

industry. This effort produced a 92 item list covering the "known universe" of potential 

small-scale measures. These items are listed in Table V- 1 and described in the following 

pages. 
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TABLE V-1 
POTENTIAL SMALLSCALE MEASURES 

1. SCHEDULING OF LOCK OPERATIONS 
la. N-UplN-Down 
lb. Ready to Serve Policy 
lc. Self Help Policy 
Id. Scheduling Program 

2. ASSISTANCE TO LOCKAGES 
2a. Helper Boats 
2b. Switchboats 
2c. Endless Cable System 
2d. Unpowered Traveling Kevel 
2e. Powered Traveling Kevel 
2f. Hydraulic Assistance 

3. IMPR V 
3a. Approach Channel WideningIRealignment 
3b. Adjacent Mooring Facilities 
3c. Funnel-Shaped Guidewalls 
3d. Wind Deflectors 
3e. Extend Guidewalls 
3f. Add Guide Cells 
3g. Reconfigure Bullnose 
3h. Radar Reflectors 
3i. Electronic Guidance System 

4. C S  
4a. Remove/Adjust Bends, One-way Reaches, Bridges 
4b. Improve Navigation Aids and Channel Markings 
4c. Innovative Dredging Strategies 
4d. Water Flow Management Policies 
4e. Increase Channel Width 
4f. Isolate Recreational Facilities & Marinas Away from Channel 
4h. Dual Channel at Restrictive Bridges 

5. TOW CONFIGURATION AND OPERATIONS 
5a. Mandate Use of Bow Thrusters 
5b. Mandate Use of Prototype Bow Thrusters 
5c. Tow Size Standardization 
5d. Cooperative Equipment sharinglScheduling 
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Institute Waterway Traffic Management 
Increase Number and Size of Fleeting Areas 
Fuel Monitoring & Management 
Use of Heavy Fuels 
New Barge and Boat Bottom Treatments 
Improved Barge and Boat Hull Designs 
Barge Stacking for Backhauls 
Container Movement 
New Backhaul Opportunities 
Universal Couplers/Hand Winches 
Increase Speed Limits in Restricted Reaches 
Reduce Liability of Tow Operators for Damage 
Require Minimum Crew Size and Training 
Mandate Minimum Horsepower 

6. LOCK OPERATING EOUIPMENTIPROCEDURES 
6a. Modify Intake Structures 
6b. Modify Discharge Structures 
6c. Modify Wall Ports 
6d. Install Self-cleaning Trash Racks 
6e. Centralize Controls 
6f. Portable Controls 
6g. Automate Controls 
6h. Install Floating Mooring Bits 
6i. Upgrade Valve Operating Equipment 
6j. Upgrade Gate Operating Equipment 
6k. Install Gate Wickets in Miter Gates 
61. Provide Explicit Operating Guides 
6m. Fenders, energy Absorbers 
6n. Require Vessels to Stay Clear of EmptyingIFilling System 
60. Operate Dam G a t . .  Based on Lockage 
6p. Lift Gates at Lock 

7. ICE CONDITIONS 
7a. Mechanical Ice Cutting Device 
7b. Skin Plates 
7c. Air Bubbler System 
7d. Heat Plates 
7e. Heated Water Jet 
7f. Clear Ice from Barges 
7g. Ice Chutes 
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8. RECREATIONAL VESSELS 
8a. Recreational Vessel Bypass Lifts 
8b. Scheduling of Recreational Vessel Usage 
&. License Recreational Craft Operators 
8d. Recreational Craft Landing Above and Below lock 

9. COST ALLOCATION 
9a. Apply Congestion Tolls 
9b. Allocation of Operations and Maintenance Costs 
9c. Low Head Hydroelectric Units 
9d. Privatization of Lock Operations 
9e. Excess Lockage Time Charges 
9f. Lockage Time Charges 

10. OTHER 
10a. Increase Lock Staffing 
lob. Automate Dam Controls 
10c. Radar at Lock 
10d. Real-Time Channel Depth and Weather Monitoring 
10e. Improved Lighting 
10f. Publish Lockage Times by User 
log. Create Indraft 
10h. Operational Philosophy/Industry Attitude 
10i. Deepen River Upstream of Gates 
10j. Pilot Communication (Bulletin Board) 
10k. Closed Circuit Television (CCTV) at Lock 
101. Wicket Gates in Dam 
10m. Automated Lockage System from Queue Point 
10n. Specified Navigation Season 
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B. DESCRIPTIONS OF POTENTIAL MEASURES 

1. SCHEDULING OF LOCK OPERATIONS 

l a .  N-UPIN-DOWN 

Under this measure, the lock operator locks through "Nu vessels (1, 2, 3, etc.) 

in one direction before locking "Nu vessels in the other direction when congestion is such 

that it takes less time to turn back the lock than to allow for an exchange. The measure 

improves efficiency at locks where the total of exchange approach and exit time exceeds 

that of the combination of turnback approach and exit time plus a chamber turnback. 

1 b. READY TO SERVE POLICY 

Towboats are required to arrive ready for lockage. Splitting the tow, rearranging 

the barges, and other time consuming configuration changes would not be authorized 

within the approaches or in the chamber. This measure eliminates the time consuming 

process of locking through unpowered cuts as well as that of reconfiguring tows within 

the lock. 

Ic. SELF HELP POLICY 

In this measure, the towing industry is required to extract unpowered cuts without 

the assistance of lock personnel or equipment. It often requires coordination and 

cooperation between the various towboat companies to schedule additional towboats to 

pull unpowered cuts out of the lock. These additional towboats act like helper and switch 

boats, but are provided by the industry. They eliminate the need for tow haulage 

equipment and provide for faster extraction. 

Id .  SCHEDULING PROGRAM 

This measure could achieve some time savings by optimizing a mix of scheduling 

sequences using a PC-based scheduling program. The program would be based on 

mathematical modeling of various types and configurations of queues. 
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2. ASSISTANCE TO LOCKAGES 

2a. HELPER BOATS 

Helper boats guide large tows into the upstream ends of the lock during high flow 

conditions. Helper boats save time by countering the effects of outdraft on the upstream 

approach, thereby allowing a more controlled and efficient (quicker) entry into the 

chamber. Helper boats can also save time by pushing ice and debris out of the way. 

2b. SWITCHBOATS 

Switchboats are more powerful than helper boats. They can remove an 

unpowered cut from the chamber and move it out of the approach path to a remote 

mooring facility in cases where the wall is shorter than the full tow length. This allows 

other vessels to use the chamber while the first towboat is making-up. Switchboats can 

also save time by pushing ice and debris out of the way. 

2c. ENDLESS CABLE SYSTEM 

Endless cable systems extract unpowered cuts from the chamber by attaching the 

unpowered cut of barges to a fitting on the cable. This cable is already in place and is 

powered to remove the cut. Endless cable systems save time by eliminating the need to 

haul the cable off of the drum in the current tow haulage systems. The unpowered cut 

is therefore removed faster. 

2d. UNPOWERED TRAVELING KEVEL 

An unpowered traveling kevel holds the head of an unpowered cut in close to the 

upper guidewall during extraction. It could also be used to slow cuts (if it is equipped 

with a braking system) or to counter the effects of outdraft (if it is built to withstand the 

lateral forces). 

26. POWERED TRAVELING KEVEL 

A powered traveling kevel provides power to extract the cut as well as the ability 

to hold the cut in close to the guidewall. This measure saves time by incorporating the 

tow haulage system and kevel into one unit. The current winch system and length of 

cable are eliminated. The guidewall can be lengthened and the unpowered cut of barges 

pulled a greater distance from the lock chamber. 
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2f. HYDRAULIC ASSISTANCE 

After the lower gates are opened, water is released from the upstream side of the 

lock to assist the unpowered cut in moving downstream. This measure could result in 

minor time savings for downbound vessels. If not done correctly, hydraulic forces can 
pull a vessel back into the gates, causing damage to the gates. 

3. IMPROVEMENTS TO APPROACH CHANNELS 

3a. APPROACH CHANNEL WIDENINGIREALIGNMENT 

This measure includes widening or realignment of the channel, installation of river 

training structures or submerged dikes, and the reduction of the effects of powerhouse 

operations. 

3b. ADJACENT MOORING FACILITIES 

New mooring facilities above or below the lock could consist of mooring cells or 

buoysJwires attached to a ship's anchor. This measure may create minor time savings 

by allowing vessels to be staged closer to the lock than if they had to wait in the river 

or push into a bank. Unpowered cuts could also be moved to these facilities, thus 

clearing the approach. 

3 ~ .  FUNNEL-SHAPED GUIDEWALLS 

Guidewalls could be built in such a way that traffic is funneled into the chamber 

by reducing the neck of the approach path between the walls. Although this measure is 

used in canals, concern was expressed in discussion regarding its appropriateness for an 
open river and dam configuration because of outdraft and debris considerations. 

3d. WIND DEFLECTORS 

Wind breaks made of wood fencing or natural shrubbery could be built along the 

approaches to shield vessels from the wind. 
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3e. EXTENDGUIDEWALLS 

Extending 600' guidewalls to 1200' allows the powered cut to make up with the 

unpowered cut completely outside of a 600' lock chamber. The lock is therefore free to 

turn back for the next vessel and is not impeded by the tow make-up on the guidewall. 

This measure would save time by allowing double lockage tows to reconfigure on the 

guidewall rather than in the chamber. This measure may work best when combined with 

other small scale improvements such as powered kevels, etc. 

3f. ADD GUIDE CELLS 

The installation of guide cells on the riverside of the lock would allow the 

unpowered cut to be extracted beyond the bullnose, leaving space for small boats to enter 

the chamber on the turnback, as well as protect the bullnose and end monoliths from 

damage. However, this measure shortens the effective length of the guidewall for 

approach purposes and may lead to slower approaches. 

39. RECONFIGURE BULLNOSE 

The blunt bullnose on locks on the Illinois Waterway could be reconfigured such 

that glancing blows would be directed into the chamber. When such an event occurs, 

the towboat would sustain less damage. 

3h. RADAR REFLECTORS 

Radar reflectors could be added to the lock facility so that the lock is more visible 

(on radar) in poor weather and at night. However, this measure would have little affect 

on the lockage process itself. 

3i. ELECTRONIC GUIDANCE SYSTEM 

An electronic guidance system, similar to that found at airports, could be used to 

assist the master of the towboat in guiding the vessel into the lock. The technology 

necessary for this measure does not exist for maritime applications. 
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4. AREA-WIDE CHANNEL IMPROVEMENTS 

4a. REMOVEIADJUST BENDS, ONE-WAY REACHES, BRIDGES 

This measure calls for the removal of such navigation hazards as bends, one-way 

reaches, narrow bridge clearances, and obsolete dock structures. This could permit an 

increase in tow size and a reduction in transit time. Although this measure saves transit 

time between locks, it does not improve the time with which a tow passes through the 

lock itself. 

4b. IMPROVE NAVIGATION AIDS AND CHANNEL MARKINGS 

Additional navigation aids, as well as the timely replacement and repair of 

missing aids, would greatly assist mariners by marking the channel more clearly. 

Although this measure saves transit time between locks, it does not improve the time 

with which a tow passes through the lock itself. 

4c. INNOVATIVE DREDGING STRATEGIES 

Innovative dredging techniques such as river disposal, sediment traps, wing dam 

removal, river training structures, and air dredging could increase operating efficiency 

of towboats. Although this measure saves transit time between locks, it does not 

improve the time with which a tow passes through the lock itself. 

4d. WATER FLOW MANAGEMENT POLICIES 

Water flow management techniques seek to redirect the natural flow of the river 

to enhance channel scouring or regulate adverse currents. Water flow management uses 

wing dams for this purpose. In some cases, wing dams may have to be removed or 

relocated because they are now sediment laden and may be hazardous. Although this 

measure saves transit time between locks, it does not improve the time with which a tow 

passes through the lock itself. 

4e. INCREASE CHANNEL WIDTHS 

Increasing channel width would allow tows to transit the river between locks 

faster. Although this measure saves transit time between locks, it does not improve the 

time with which a tow passes through the lock itself. 
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4f. ISOLATE RECREATIONAL FACILITIES AND MARINAS AWAY 

FROM CHANNEL 

Isolating recreational facilities and marinas away from the commercial channel 

allows towboats to proceed faster because they are not required to slow down to avoid 

swamping small boats, breaking mooring lines, or causing wake damage. Although this 

measure saves transit time between locks, it does not improve the time with which a tow 

passes through the lock itself. 

4g. IMPROVE BRIDGE OPERATIONS AND MAINTENANCE 

Bridge operations could be modified to better handle auto/rail/towboat congestion. 

Movable bridge machinery could be improved to the extent that it results in less time 

delays for river traffic. Although this measure saves transit time between locks, it does 

not improve the time with which a tow passes through the lock itself. 

4 h .  DUAL CHANNEL AT RESTRICTIVE BRIDGES 

An alternate passage under a secondary bridge span would eliminate restrictions 

at bridges. Although this measure saves transit time between locks, it does not improve 

the time with which a tow passes through the lock itself. 

5. TOW CONFIGURATION AND OPERATIONS 

5a. MANDATE USE OF BOW THRUSTERS 

Use of Bow Thrusters, either in the form of Bow Boats or by installing one on 

the barge directly, can increase the maneuverability of tows in tight reaches and difficult 

current conditions (such as outdraft). However, this equipment displaces some of the 

cargo and is not considered to be cost effective by many in the industry participating in 

coordination efforts. 

5b. MANDATE USE OF PROTOTYPE BOW THRUSTERS 

Prototype Bow Thrusters, either in the form of Bow Boats or direct mounted 

units, use a water jet system to propel the water rather than a standard conventional 

propeller (which might be shielded by a fully laden vessel). This equipment also takes 

the place of some of the cargo and is not considered to be cost effective by many in the 

industry participating in coordination efforts. 
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5c. TOW SlZE STANDARDIZATION 

Tows that completely fill the chamber have better space utilization than those that 

only partially fill the chamber. Therefore, the optimal size tow for a 110' x 600' 

chamber is 8+ towboat, or, if double lockage is necessary, the 16 + towboat is 

optimum. 

5d. COOPERATIVE EQUIPMENT SHARINGISCHEDULING 

Empty barges travel in both directions on the waterways. Cooperative equipment 

utilization between companies would provide more efficient use of equipment and reduce 

the number of empty barge lockages. 

5e. INSTITUTE WATERWAY TRAFFIC MANAGEMENT 

A Vessel Traffic System (VTS) could manage and coordinate the flow of traffic 

on the river. The level of involvement could range from two-way radio communications 

to on-board transceivers and GPS equipment to pinpoint locations. Its purpose would be 

to collect information in order to direct traffic and therefore optimize the use of lock 
facilities. 

5f. INCREASE NUMBER AND SlZE OF FLEETING AREAS 

Towboats require fleeting areas to reconfigure their tows at points where 

waterway dimensions change (i.e., at Locks 2, 26, 27 and LaGrange). These fleeting 

areas are not considered adequate by industry. This measure does not save time during 
the locking process. 

5g. FUEL MONITORING AND MANAGEMENT 

Fuel consumption changes at a variable rate depending on river conditions and 

operating speeds. Increases in overall system capacity could be gained with a dynamic 

system to monitor and take advantage of fuel consumption information. This measure 
does not save time during the locking process. 

5h. USE OF HEAVY FUELS 

Heavy fuels, if proven to be cheaper, could increase system capacity by 

decreasing costs. This measure does not save time during the locking process. 
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5i. NEW BARGE AND BOAT BOTTOM TREATMENTS 

Barge and towboat bottom treatments are designed to extend equipment life and 

improve fuel efficiency. 

5j. IMPROVED BARGE AND BOAT HULL DESIGNS 

The design dimensions and surface characteristics of the individual barge and 

towboat units determine the tow resistance and fuel consumption rate. New designs can 

improve these aspects. 

5k. BARGE STACKING FOR BACKHAULS 

Grain barges usually return upriver empty. They could conceivably be stacked 

to reduce the area they occupy in the chamber on the return upstream. ACBL studied 

this measure and reported it to be not cost effective on the Upper Mississippi and Illinois 

Waterway. 

51. CONTAINER MOVEMENTS 

Empty grain barges returning upriver could be reconfigured to carry containers. 

This measure does not save time during the locking process. 

5m. NEW BACKHAUL OPPORTUNITIES 

New cargoes such as forest products, refuse derived fuel (RDF), reclaimed 

topsoil, and military cargoes could be promoted for shipment by barge. This measure 

does not save time during the locking process. 

5n. UNIVERSAL COUPLERS/HAND WINCHES 

The development of a simple, quick-operating, and universally adaptable coupler 

for joining barges could save considerable time in breaking and remaking tows. 

50. INCREASE SPEED LIMITS IN RESTRICTED REACHES 

Increasing the allowable speed of barges in constrained areas would allow for 

faster transit times between locks. This measure does not save time during the locking 

process. 
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5p. REDUCE LIABILITY OF TOW OPERATORS FOR DAMAGE 

Increased speeds can cause increased wake damage to shore facilities. Reducing 

the liability of two operators would allow towboats to transit at a higher speed. 

5q. REQUIRE MINIMUM CREW SIZE AND TRAINING 

An experienced crew that is large enough to handle a lockage can save time in 

the breaking and remaking of tows. 

5r. MANDATE MINIMUM HORSEPOWER 

The Corps of Engineers could mandate minimum horsepower towboats necessary 

to push barges of a given capacity through the lock. 

6. LOCK OPERATING EQUIPMENT/PROCEDURES 

6a. MODIFY INTAKE STRUCTURES 

Intakes can be modified to reduce air entrainment, increase their hydraulic 

efficiency, and decrease vibration. This improvement would allow the chamber to 

filllempty faster. 

6b. MODIFY DISCHARGE STRUCTURES 

Outlets can be modified to divert the discharge water away from a waiting vessel, 

reducing the turbulence in that area. This may make emptying faster. 

6c. MODIFY WALL PORTS 

Wall ports wuld be modified to improve the diffusion and hydraulic efficiency 

of flow into the lock chamber. This improvement would allow the chamber to fiwempty 

faster. 

6d. INSTALL SELF-CLEANING TRASH RACKS 

Mechanical rakes wuld be installed to remove accumulated debris from the 

intakes. 
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6e. CENTRALIZE CONTROLS 

Centralized controls would allow the lock operator to conduct the lockage from 

a single location. 

6f. PORTABLE CONTROLS 

Controls for all lock machinery and ancillary operating elements such as lights, 

signals and horns, wuld be operated from a battery powered chest pack carried by lock 

operating personnel. 

6g. AUTOMATE CONTROLS 

Automated Controls could allow for faster lockage by quickly sequencing the 

events in an orderly manner. This eliminates the delays such as the lock operator 

judging when the chamber is in balance with the outside water level. 

6h. INSTALL FLOATING MOORING BITS 

Floating Mooring Bits provide a place for deckhands to secure the barges during 

the emptying and filling of the chamber. Once the lines are secured, they need only be 

monitored rather than manually tended. 

6i. UPGRADE VALVE OPERATING EQUIPMENT 

Old valve equipment could be replaced with modem equipment. This 

improvement would allow the chamber to fiwempty faster. 

6j UPGRADE GATE OPERATING EQUIPMENT 
Old gate equipment wuld be replaced with modern equipment. This may make 

the gates open/close faster and reduce down time for repairs. 

6k. INSTALL SLUICE VALVES IN MITER GATES 

Sluice valves could be installed in the miter gates to allow for end filling and 

emptying operations similar to those used by sector gates. 
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61. PROVIDE EXPLICIT OPERATING GUIDES 

Signs posted near lock controls would indicate the sequencing of valves/gates for 

lock operators as well as provide instructions for emergencies. This measure would save 

little time in the overall locking process. 

6m. FENDERSIENERGY ABSORBERS 

Replaceable fenders and energy absorbers could be installed in locks and at 

critical approach points to ease entry into the chamber for vessels traveling too fast or 

are not properly aligned. 

6n. REQUIRE VESSELS TO STAY CLEAR OF EMPTYINGIFILLING 

SYSTEM 

Signs could be posted to warn mariners of the danger of approaching emptying/ 

filling systems due to the turbulent water flow in these locations. This measure would 

save little time in the overall locking process. 

60. OPERATE DAM GATES BASED ON LOCKAGE 

A method of reducing the effects of outdraft on downbound vessels might be to 

shut down certain dam gates as the towboat approaches the lock. 

6p. LIFT GATES AT LOCK 

Miter gates could be replaced with lift gates to allow for the passage of ice as 
well as open navigation (at some locks) during high water conditions. 

7. ICE CONDITIONS 

7a. MECHANICAL ICE CUlTlNG DEVICE 

Mechanical devices similar to backhoes could be used to remove the ice collar 

from the lock walls. 
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7b. SKINPLATES 

Skin plates could be placed over lock gate structural niches to keep ice from 

floating in there as well as from forming there. These plates could be sprayed with a 

polymer coating that inhibits ice formation by reducing the adhesion of ice to the gate. 

7c .  AIR BUBBLER SYSTEM 

High flow air screens can be used to create an ice barrier in front of or along the 

gates. It is also usd to create an area of "open water" for ice to be moved into. 

7d. HEAT PLATES 

Heat plates are thin panels placed in the gate recesses that are heated electrically. 

They prevent the formation of ice. 

78. HEATED WATER JET 

A heated water jet is a hand operated device that pulls water in at one end, heats 

it with an electric coil, and sends it out the other end. It can be used to melt ice off the 

lock walls. 

7f. CLEAR ICE FROM BARGES 

This measure requires towboat operators to remove ice that has accumulated on 

the bow of the first line of barges before entering the chamber. This could allow more 

barges in the chamber. However, the technology to adequately accomplish this task does 

not yet exist. 

7g. ICE CHUTES 

Ice chutes are areas in the dam or spillway that can be opened to let accumulated 

ice flow downriver. This reduces the number of ice lockages in the winter. 

8. RECREATIONAL VESSELS 

8a. RECREATIONAL VESSEL BYPASS LIFTS 

Lockage facilities for up to 12 recreational craft could be developed to bypass the 

regular lock. This measure would use a mechanical lifting device to transport the vessels 

over or around the lock facility. 
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8b. SCHEDULING OF RECREATIONAL VESSEL USAGE 

In this measure, recreational vessels would be locked through only at certain times 

of the day. 

8c. LICENSE RECREATIONAL CRAFT OPERATORS 
A program could be developed to train and license recreational vessel operators. 

(Commercial vessel operators are licensed by the U.S. Coast Guard.) 

8d. RECREATIONAL CRAFT LANDING ABOVE AND BELOW LOCK 

This measure calls for adding a boat ramp facility at both ends of the lock. 

9. COST ALLOCATION 

9a. APPLY CONGESTION TOLLS 

Tolls could be collected to force the distribution of towboat traffic. 

9b. ALLOCATION OF OPERATIONS AND MAINTENANCE COSTS 

Operations and maintenance costs at the lock could be offset by the allocation of 

the costs to the users. This measure does not save time in the lockage process. 

9c. LOW HEAD HYDROELECTRIC GENERATORS 

Operational costs of maintaining the lock could be offset by using the lock 

culverts as a source of hydroelectric power generation. This measure does not save time 

in the lockage process. 

9d. PRIVATIZATION OF LOCK OPERATIONS 

Lock operations may be more efficient and effective when operated by a 
commercial entity. This measure does not save time in the lockage process. 

9e. EXCESS LOCKAGE TIME CHARGES 

This measure seeks to charge users who take longer than the "average" to lock 
through. 
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9f. LOCKAGE TIME CHARGES 

This measure seeks to charge all vessels based on the length of time the lock is 

in use. 

10.  OTHER 

10a. INCREASE LOCK STAFFING 

Lockages could possibly be made more quickly if the number of personnel 

staffing the lock was increased. This measure does not save time in the lockage process. 

l ob .  AUTOMATE D A M  CONTROLS 

Lock operators could spend more of their time conducting lock operations if the 

controls for the dam were easier to reach and monitor. This measure does not save time 

in the lockage process. 

10c. RADAR AT  LOCK 

Lock operators would have a better traffic picture if they could see where the 

towboats are in relation to the lock rather than relying on a radio call from the towboat. 

This measure does not save time in the lockage process. 

10d. REAL-TIME CHANNEL DEPTH AND WEATHER MONITORING 

Towboats could make faster transits with better information on the conditions they 

will experience throughout their trip. This measure does not save time in the lockage 

process. 

10e. IMPROVED LIGHTING 

Current lighting conditions at locks may include a number of "blind spots" at 

night. Night lock operations could be made safer with improved lighting. This measure 

does not save time in the lockage process. 

10f. PUBLISH LOCKAGE TIMES BY USER 

This measure seeks to point out those towboat and towboat companies that take 

too long to lock. 
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log.  CREATE INDRAFT 

This measure proposes to reroute the river flow towards the upstream guidewall 

rather than away from it. 

10h. OPERATIONAL PHILOSOPHYIINDUSTRY ATTITUDE 

In this measure, lock masters would be given more authority to readjust traffic 

queuing based on a vessel's lock performance history. 

10i. DEEPEN RIVER UPSTREAM OF DAM GATES 

This measure calls for a deeper pool just upstream of the dam in order to alleviate 

outdraft. 

10j. PILOT COMMUNICATION (BULLETIN BOARD) 

This measure involves the sharing of information between vessels via 

telecommunications networks (via electronic bulletin boards). 

10k. CLOSED CIRCUIT TELEVISION ( C C N )  AT LOCK 

CCTV could be installed at the lock so that operators could view the approaches 

or other portions of their operations from a central location. 

101. WICKET GATES IN DAM 
Tainter and roller gates in the dam could be replaced with wicket gates to allow 

for navigable passage of towboats during high water conditions. Bays in the dam would 

require widening as well. 

10m. AUTOMATED LOCKAGE SYSTEM FROM OUEUE POINT 

This measure uses a system much like an automatic car wash to handle and move 

tows through each stage of the process. 

1 On. SPECIFIED NAVIGATION SEASON 

This measure would require the Government to impose a specified navigation 

season to reduce O&M costs during winter conditions. 
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VI SMALL-SCALE MEASURE SCREENING 

A. INTRODUCTION 

Small-scale measures are potential navigation improvements other than 

replacement or addition of lock chambers. The large capital outlays required for 

construction of a new chamber, contrasted with the cost of other measures, lead to the 

term "small". The inclusion of these measures in the Upper Mississippi River - Illinois 

Waterway Systems Navigation Study recognizes their potential for increasing economic 

efficiency. Further, small-scale measures will take on additional importance in an 

investment future constrained by limited budgets. 

The fundamental purpose of the navigation study is to provide the necessary 

information and analysis needed to make informed investment decisions for the 

waterways. Like any endeavor, this study must be completed within constraints of 

manpower, funding, and time. Producing a successful product calls for the wise 

application of study resources. In light of these constraints, the following analytical 

process for evaluating the potential of small-scale measures was adopted. 

B. THE ANALYTICAL PROCESS 

The process began by identifying the "known universe" of potential small-scale 

measures that might have an impact on system efficiency. These measures were obtained 

from previous studies, discussions with Corps personnel, members of private industry, 

and other governmental organizations. In all, 92 measures were identified. The next 

step of the process selected those measure most suitable for further detailed analysis. 

The method used to perform this screening of candidate measures is a qualitative analysis 

which is described at length later in this section. The list of measures remaining, after 

qualitative screening, will then be subjected to an analysis which will quantify the costs 

and impacts of the measures. Finally, those measures which are still found worthwhile, 

will be incorporated into the systemic analysis for final evaluation of their costs and 

impacts. 

The value of this analyt~cal process is that, while no measure is eliminated, study 

resources are continually concentrated on those items showing greatest promise. The 

critical reasoning underlying the screening process is fully documented. The remainder 

of this chapter addresses the second step of the study process - the qualitative analysis. 
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C. WHY A QUALITATIVE ANALYSIS? 

A qualitative analysis was accomplished to provide a framework for screening 

potential small-scale measures. Under this framework, all measures can be analyzed with 

a reasonable expenditure of resources. This permits focusing scarce study resources on 

those measures showing the greatest potential for achieving beneficial impacts relative 

to the costs of implementation. Qualitative analysis has the added advantage in that it 

addresses the subjective nature of the problem. 

A common misconception is that "qualitative" is synonymous with subjective. 

This is not the case. Objective analysis requires actual observations and measurements 

of the objects of study, while subjective analysis relies on the "perception" of the object 

in the mind of the analyst. Qualitative analysis involves identifying certain qualities 

(properties, characteristics, attributes) present or absent in the subjects of study. 

Identifying the color of an object or the foundation conditions of a dam site are 

qualitative observations, but certainly objective. On the other hand, qualitative 

judgments can be subjective. For example, a person living in St. Paul may determine 

that winter weather in St. Louis is warm, while a resident of Florida may conclude the 

opposite. 

While qualitative analysis is concerned with identifying the properties of an 

object, quantitative analysis is concerned with measuring or "quantifying" these 
properties. This may also be done either objectively or subjectively. A common 

problem, however, is that it may not be readily apparent when a quantitative analysis is 

subjective. 

The fact that many of the 92 small-scale measures we are analyzing exist only as 

concepts, requires that this analysis is to some extent subjective. This subjectivity exists 

due to the nature of the problem. 

D. THE QUALITATIVE SCREENING CRITERIA - GENERAL 

Corps of Engineers' planning guidance (ER 1105-2-100, 28 December 1990) 

defines four broad decision criteria which are applicable to the evaluation of all projects. 

These criteria are: Completeness; Effectiveness; Efficiency; and Acceptability. 

Completeness is the extent to which given alternative plan provides and accounts for all 

necessary investments or other actions to ensure the realization of the planned effects. 
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Effectiveness is the extent to which an alternative plan alleviates the specified problems 

and achieves the specified opportunities. Efficiency is the extent to which an alternative 

plan is the most cost-effective means of alleviating the specified problems and realizing 

the specified opportunities, consistent with protecting the nation's environment. 

Acceptability is the workability and viability of the alternative plan with respect to 

acceptance by state and local entities and the public and compatibility with existing laws, 

regulations, and public policies. 

While the above are an excellent set of general criteria for evaluating an overall 

investment plan, they are unwieldy when used to screen individual small-scale measures. 

For this reason, another set of criteria, consistent with the general criteria, was 

developed. These criteria serve as the "qualities" to be evaluated in the qualitative 

analysis. These specific criteria are presented in the next section. 

E. THE QUALITATIVE SCREENING CRITERIA - SPECIFIC 

A set of eight qualitative screening criteria were developed for use by the study 

team in determining those measures most appropriate for further analysis within the scope 

of the navigation study. Figure VI-1 below lists these criteria and illustrates their 

relationship with the general criteria described above. 

The dotted line indicates that, while the first seven criteria address the merits of 

the small-scale measure itself, the eighth criterion determines if the measure has already 

been implemented or could be implemented through the Corps' Operations and 

Maintenance Program. 

Figure VI-1 
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Measure Exclusion Criteria 

1. No Potential to Reduce Lock Delay 
2. Not Technically Feasible 
3. Not Safe 
4. Not Environmentally Acceptable 
5. Is Economically Inefficient 
6. Is Not Cost Effective 
7. Industry Cooperation 

-----------------------------------------------.-----------------------------------------, 

8. Addressed in O&M Program 

Planning Guidance Criteria 

Effectiveness/Completeness 
Effectiveness 
Acceptability 
Acceptability 
Efficiency 
Efficiency 
Acceptability 

Completeness 



The analysis was accomplished by sequentially applying each criterion to all 

measures not eliminated by a previous criteria. That is, all 92 potential small-scale 

improvements were examined subject to the first criterion. The measures not screened 

based on the first criterion were then formally examined subject to the second criterion 

and so forth. Figure VI-2 summarizes the applicability of the criteria to all of the 92 

individual small-scale measures. As the figure shows, 17 of the original 92 measures 

survived this screening process. 

In this formal analysis measures are eliminated based on a single criterion. It is 

possible that several criteria may apply to a single measure and, in the text, many 

illustrations of this are provided. Each criterion is discussed below. 

Criterion 1 

Eliminate measures which have no potential to reduce delay at locks. 

It is often noted that a chain is only as strong as its weakest link. On the river 

navigation system, these "weak links" are the navigation locks. The capability of a lock 

to pass traffic depends on the particular characteristics of the lock, the characteristics of 

the traffic, the operating policies in effect, and exogenous variables such as river flows 

and weather conditions. For the purposes of this discussion, consider that a typical 600 

foot lock on the Mississippi River or Illinois Waterway can service about 16 tows per 

day. Other types of navigation constraints, such as bridges or difficult reaches of 

channel, can pass tows far in excess of this number. Therefore, in a situation of 

increasing traffic demands, the first system constraints to traffic growth will occur at the 

navigation locks. As traffic levels approach the limits of locks to process traffic, the 

result will be increased queue lengths and associated delays to traffic. Moreover, the 

navigation locks are the only constraints which are likely to place real physical limitations 

on traffic growth over the 50-year planning horizon. Further, if historic r a t .  of growth 

in traffic demand continue over this planning horizon, and the throughput constraints 

imposed by some critical system locks remain, we risk not only the potential future 

benefits associated with traffic growth, but existing benefits will decline as systemic 

congestion grows. Therefore, in the interest of "completeness" we must focus on 

measures designed to address lock congestion whenever it may occur over the planning 

horizon. 
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Other impediments to traffic on the system, such as bridges or difficult channel 

reaches, will not impose real systemic constraints to traffic over the planning horizon. 

Therefore, we do not compromise the completeness of the systemic analysis by not 

considering these constraints at this time. 

We are not stating here that transportation costs incurred in the channel are any 

less important than transportation costs incurred by lock delay. In fact, on an hourly 

basis, due to great fuel consumption, channel delay is probably more costly. Further, 

we are not saying that the opportunity for economically justified projects involving 

reduction of channel delays will not exist over the planning horizon. We are arguing that 

these potential channel related investments are not required to realize the benefits of 

improvements to system locks and hence, these are best evaluated on a case-by-case 

basis. 

Some potential small-scale measures deal with neither channel delay nor lock 

delay. They may be meritorious ideas and deserve consideration, but not within the 

frame work of this study. An example is the measure "Low Head Hydroelectric Units". 

While this measure may produce benefits in excess of costs, it is not an "effectivew 

solution to the real problem of increasing system congestion. Including such measures 

within the scope of this study will not serve the ultimate purpose of providing relevant 

information regarding the potential solutions for reducing system congestion. 

One might ask why we included measures without the potential to reduce lock 

delays in the original "known universe" of measures. The answer is twofold. First, it 

permits the study the opportunity to examine these measures and determine if there might 

be some compelling reason to include any of them for further detailed analysis. Second, 

even without further study, their inclusion provides a valuable reference for the future. 

Important exceptions to Criterion 1 are measures addressing site specific channel 

constraints that exist in conjunction with navigation locks. Examples of these constraints 

are the bridge immediately downstream of Lock 15 on the Upper Mississippi River and 

the narrow upstream channel at Marseilles Lock on the Illinois River. These items 

exacerbate lock delay and will be examined during site specific feasibility studies. 

For application of this criterion, it is important to discuss what types of measures 

can reduce lock congestion. Generally, delay at a lock depends on the relationship of 

the arrival process to the service process. Measures which increase the service rate, 

decrease the arrival rate, or decrease the variability of the service or the arrival rate, will 

decrease expected lock delay. In other words, delays can be decreased by processing 
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boats faster or promoting consistency in processing time. Delays can also be decreased 

by decreasing traffic arrival rates or promoting more regular traffic patterns. Most of 

the small-scale measures proposed deal with reducing processing time. 

Applying this criterion to the 92 potential measures eliminates 34 leaving 58 

measures. In most cases, applying this criterion to the measures was fairly 

straightforward. Most measures either clearly did, or did not, possess potential for 

reducing lock delay. A few notable exceptions were: "Addition of Guide Cells"; 

"Reduce Liability of Tow Operators for Damage"; and "Increase Lock Staffmg". After 

discussion, the study team concluded that these measures would provide no improvement 

or perhaps even prove to have a negative impact. Comments from carriers indicated 

that, in difficult approach conditions, guide cells were as likely as not to be an obstacle 

to navigation traffic. Reducing the liability of tow operators was rejected because, on 

average, the time saved by encouraging quicker approaches would be overridden by the 

potential for increase downtime due to accidents. Finally, the study team concluded that, 

at sites involved in this system analysis, staffing is sufficient to achieve efficient lockage 

ahd hence this measure did not have the potential for beneficial impacts. 

Criterion 2 

Measures which are not technically feasible are eliminated. 

Clearly measures which are not technically feasible are not "effective" in 

achieving planned effects. Two conditions determined that a small-scale measure was 

not technically feasible. First, the technology does not currently exist to implement the 

measure. Second, it would be prohibitively expensive to develop the necessary new 

technology. Three measures: "Clear Ice from Barges", "Automated Lockage System 

from Queue", and "Create Indraft", were eliminated under application of this criterion. 

Criterion 3 

Measures considered unsafe are eliminated. 

This criterion is directly related tot he "acceptability" of a plan. The purpose of 

this criterion is to eliminate measures which would lead to increased probability of injury 

or loss of life. One measure, "Install Gate Wickets in Miter Gates" was eliminated under 

this criterion. This measure was intended to decrease chambering time by allowing water 
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to pass through valves in the gates. This proposed measure was deemed dangerous due 

to the turbulence this measure would create inside the lock chamber. 

There are safety issues associated with other proposed small-scale measures as 

well. In particular, the measures of "Hydraulic Assistance", "Barge Stacking", and 

"Reducing Tow Operator Liabilityn were all considered to have potential safety 

problems. These three measures, however, were screened from detailed consideration 

based on other criteria. 

Criterion 4 

Eliminate measures with disproportionately 

adverse environmental consequences. 

Environmental considerations fall under the "acceptability" category as described 

above. During the initial coordination for this screening process, the original 92 small- 

scale measures were primarily given positive or neutral ratings with respect to potential 

environmental effects. Eighteen of the 92 measures were considered environmentally 

negative in regards to potential environmental concern primarily associated with site- 

specific locations. These ratings were not based on specific ranking factors, but rather 

on the professional judgment of Corps and agency personnel who participated in an initial 

meeting or later submitted comments on the list of measures. Of the 17 selected 

measures, only one, "Extended Guidewalls", carried with it a negative environmental 

rating. Comments received indicated that this rating may be qualified, in that the 

prospect of construction related impacts may be outweighed by potential overall benefits 

to environmental resources. During the ensuing quantitative analysis and plan 

formulation process, potential siting and impact analyses of guidewalls will be conducted 

if such a measure is recommended at a given lock and dam site. In fact, this habitat- 

based analysis will include the entire array of measures recommended at a given site. 

Resource agency comments recommended further study of some measures which 

did not make the final list of selected measures. These measures include: 

a. Add Guide Cells 

b. Improve Navigation aids and channel markings 

c. Innovative Dredging Strategies 

d. Water Flow Management Policies 

e. Mandate Use of Bow Thrusters 
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f. Mandate Use of Prototype Bow Thrusters 

g. Institute Waterway Traffic Management 

h. Reduce Liability of Tow Operators for Damage 

As shown in Figure VI-2, measures a, b, c, d, and h were considered to have 

little or no potential to reduce delays at locks, which is the main focus of this effort. 

The benefits of guide cells were mentioned frequently during site visits associated with 

the Objective 4b (large-scale enhancements), and they will be recommended for 

consideration under the Avoid & Minimize program. Innovative dredging strategies, 

which are not well defrned at this time, would be better addressed under existing long 

and short-term dredging programs. Water flow management is being considered in 

separate initiatives by other agencies, and opportunities for beneficial flow alternatives 

will be included in the large-scale assessments. Measures e, f, and g were thought to be 

better addressed by the towing industry. Measures e and f were also found not cost 

effective in terms of reducing delay at locks. Industry comments on the use of bow 

thrusters did indicate some safety concerns. Some transportation agency comments did 

endorse some means of traffic management, but it is unclear where such measures would 

be addressed. One measure "Deepen River Upstream of Gates" was eliminated from 

further consideration under the environmental acceptability criterion. 

Criterion 5 

Measures which are too costly relative to impacts are eliminated. 

The total costs of measures are comprised of construction costs, operations and 
maintenance costs, and costs imposed on system traffic from disturbances during 

construction. Measures which produce small impacts to lockage times but carry a 

significant cost will not be economically justified. 

Some proposed measures are simply too costly, relative to their impacts, to be 

reasonably considered for inclusion in an "efficient" plan. Some of these measures, such 

as "Wind Deflectors" produce little impact because they are onIy applicable to a small 

percentage of the lockages taking place. 

Another way to state this is that the level of congestion which must exist to justify 

these measures is high and hence the benefits obtained will erode quickly as traffic 

demand increases. This concept is explained more fully later in this section. 
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Nine measures are screened out based on this criterion. Three of these measures 

involve modifications to intake structures, discharge structures and wall ports. While 

major modifications to these structures is prohibitively expensive, minor modifications 

may occur during lock rehabilitation under authority of the Operations and Maintenance 

Program (O&M) . 

Criterion 6 

Measures which are not cost effective are eliminated. 

As this criterion applies to our qualitative analysis, two measures both impacting 

the same component of the lockage process (e.g., approach time, chambering time) 

would generally be considered mutually exclusive. If one provides the same or greater 

impact at less cost than the second, the second measure is eliminated. 

Some might argue that this determination is not possible within the frame work 

of a qualitative analysis. However, a good analogy is that one could observe two light 

bulbs and, if the difference is sufficient, determine which is brighter without resorting 

to a quantitative measurement. 

Viewed in this perspective, "Self Help" is superior to the measure "Ready to 

Serve Policy", as it provides essentially the same benefit at a much lower cost. Using 

helper boats and switch boats, possible through self help, is more wst effective than bow 

thrusters. Finally, it was concluded that the use of helper boats would provide as fast 

or faster approach times, at less cost, than modifying the approach channel. In all, four 

measures were eliminated under application of this criterion. 

Criterion 7 

Eliminate measures which should be pursued through industry 

cooperation rather than Corps of Engineers' requirements. 

This criterion addresses the issue of "acceptability" of planned actions and the 

degree to which the Corps should mandate practices to industry. In general, market 

discipline provides carriers a strong incentive to operate in an individually economically 

efficient manner. They do not, however, need to consider in their profit calculus the 

economic consequences of their actions on other system users. For example, a tow using 

a lock does not bear the cost of the delay it imposes on other tows waiting in queue. 
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This leads to a situation where the level of system usage may not be at the "socially 

optimum" level. 

The mechanics of locking are a shared process between the vessel operators and 
the Corps. Therefore, any analysis which ignores the impact of tow operators on this 

process would be incomplete. On the other hand, measures which interfere with the 

efficiency imposed on industry by the marketplace should not be pursued, unless there 

is a real demonstrable social reason to interfere. 

In this light, the measures of "Industry Self Help", "Universal Coupler", and 
"Require Minimum Crew Training" are included for further study as they are directly 

related to the joint effort of locking. Further, the costs and impacts of these measures 

can be well measured in a quantitative analysis. 

Six measures are judged to be not worthy of further detailed analysis using this 

criterion. The most interesting of these is the measure proposing empty barge stacking. 

This measure, if practical, would certainly have an impact on lock delay. It would, 

however, require a substantial investment in the necessary infrastructure to stack and 

unstack barges. Further, problems could arise if the barge stacker itself creates delays, 

and the question of where and under what conditions bargestacking would be 

implemented remains. Finally, concern exists regarding the safety of this measure, 

especially in windy conditions. In all, it would lead to a situation where, while the 

benefits would be apparent, many of the costs would be hidden and not readily 

measurable. It should be noted that despite the apparent efficiencies, industry has never 

adopted this practice. 

At this point, it is important to note that other measures exist to promote system 

efficiency which do not involve mandating practices to industry. These involve charging 

users differing types of lockage fees. Three have been proposed for further analysis: 

"A Congestion Fee", "A Lockage Time Fee", and an "Excess Lockage Time Fee". 

Certainly, assessment of this type of institutional arrangement measure might yield other 

related measures in the future and beyond this study effort. 

A lockage time fee gives added incentive to industry to expedite lockages, while 
an excess lockage time fee theoretically reduces the number of exceptionally long lockage 

times thus reducing variability in service rates and consequently delay times. In addition, 

these fees could reduce traffic levels thereby further decreasing delay. 
The congestion fee is a lockage charge based on the level of congestion at a lock. 

It reduces delay by discouraging traffic which is not willing to bear the cost of the delay 

it is imposing on other lock users. 
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Criterion 8 

Measures that are addressed through the 

Corps of Engineers Operations and Maintenance Program (O&MI. 

At this point in the qualitative analysis, 34 of the original 92 measures had 

survived the screening process, and shown some potential for implementation. This final 

criterion does not directly address the desirability of implementing individual measures, 

but seeks to focus resources on those measures for which the Corps may require new 

authority to implement or has a history of not being implemented in consideration of 

budget constraints. 

Some measures identified under this criterion are commonly in place at some or 

all system lock sites (e.g., air bubbler systems, unpowered traveling kevels). Others, if 

warranted, could be implemented through the Corps' Operation and Maintenance 

Program (e.g., self-cleaning trash racks). Two measures, "Upgrade Valve Operating 

Equipment" and "Upgrade Gate Operating Equipment" address improving the aging lock 

components which reduce lock reliability and performance. Five measures deal with the 

problems associated with ice interference during winter lockage. A total of 17 measures 

fall into this category. 

These 17 measures will be incorporated, as appropriate, into the baseline or future 

without-project conditions. While measures such as guidewall extensions and adjacent 

mooring facilities might be implemented under the Operation and Maintenance Program 

it is not reasonable to assume the certainty of their implementation under this program. 

The uncertainty is due in part to prioritization in view of constrained budgets. In view 

of this realization and potential benefits, the guidewalls and adjacent mooring facilities 
are being further considered. 

The measure "N-up, Ndown" is one of the measures identified under this 

criterion because it is already commonly used when congested conditions exists. This 

measure is a policy which calls for making multiple lockages of boats in the same 

direction. It reduces lockage time, and hence delay, at sites where the short approach 

associated with a turnback lockage combined with the time needed to turn back the 

chamber is less than the long approach required for an exchange lockage. Because this 

measure is commonly used, and can be implemented under the authority of the 

lockmaster, it will be considered as part of the baseline future in the system study. It 

should be noted that other small-scale measures, such as "Extended Guidewalls with 
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Powered Traveling Kevels" may provide much greater benefits when used in conjunction 

with an N-up, N-down lockage policy. This impact will be examined for those measures 

chosen for further analysis. Finally, other queuing disciplines, which are not currently 

used but have potential for beneficial impacts, will be examined in further detail. 

F. SUMMARY 

The analysis described above yielded 17 measures deemed appropriate for further 

investigation as small-scale investments. The study team decided that, due to the large 

capital wst, one of these measures, "Wicket Gates in Dams" was more appropriately 

studies as a large scale measure. The remaining 16 measures can be usefully grouped 
into categories as follows: 

1. Optimizing Decisions (Scheduling Program) 

2. Towboat Power 

a. Helper Boats 

b. Switchboats 

c. Self Help 

3. Tow Haulage Equipment 

a. Powered Traveling Kevel 

b. Endless Cable 

c. Extended guidewall 

4. Mooring Facilities (Adjacent to Lock Approach) 

5. Crew Elements 

a. Universal CouplerdHand Winches 

b. Standard Training for Crews 

6. Tolls and Reports 
a. Congestion Tolls 

b. Excess Lockage Time Charges 

c. Lockage Time Charges 
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d. Publish Lockage Times 

7. Recreational Vessels 

a. Scheduling of Recreational Vessel Usage 

b. Recreational Craft Landing Above and Below Deck 

G .  DISCUSSION OFTHE EFFECTIVENESS OF SMALL-SCALE IMPROVEMENTS 

At low traffic levels, small reductions in service time have little impact on delay, 
and hence, little benefit is obtained from the implementation of small (or large) scale 

improvements. As traffic levels and congestion increase, small improvements can 
decrease delay time significantly. However, if traffic demand increases to the point 

where there is a large unmet demand for lockage, small improvements are again likely 

to result in small delay reductions as this previously unmet demand moves onto the 

system. This is illustrated in Figure VI-3. 

This leads to a situation where, to be effective, a set of necessary conditions must 

exist to implement a small-scale measure. If congestion levels are too low, they do not 

produce sufficient benefits to be justified, while if congestion levels are too high, the 

implementation of small-scale measures is likely to just lead to slightly increased traffic 

at a very similar level of delay. The more expensive a measure or the smaller its impact 

on lockage time, the narrower the "window of effectiveness" for implementation of the 

measure. Less expensive or greater impact lead to a wider "window of effectiveness". 

It is possible, since traffic growth is not smooth, that the conditions needed to 

make a particular small-scale measure desirable will never be realized. This matter will 
be addressed during the risk process phase of the UMR-IWW System Navigation Study. 

H. CONCLUSION 

This chapter describes the reasons for, and the analytical process of, the 

qualitative evaluation of small-scale measures. We have highlighted difficult decisions. 

Our intent is to demonstrate our rationale and allow the readers to follow the process and 

conclude that the criteria developed were reasonable and that each measure was given full 

and fair consideration subject to these criteria. Finally, we have shown that this process 

is compliant with Corps' guidance, is a wise use of resources, and ultimately contributes 

to the overall study goal of providing relevant information and analysis. 
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GLOSSARY OF TERMS 

ACBL - American Commercial Barge Line (part of CSX), a major towboat company 

with vessels on the Upper Mississippi River and the Illinois Waterway 

Aft - In, near, or towards the rear or stern of a vessel 

Air Entrainment - the capture of air in a fluid system; air entrainment typically 

reduces the performance of the fluid performing the work because the fluid is 

not compressible, but air is compressible 

Approach - the area leading to the entrance of a lock 

ART Co. - American River Transportation Company; a major towboat company with 

vessels on the Upper Mississippi River, the Illinois Waterway, and others 

Baffles - devices used to dissipate the energy of flowing water; they may be in the 

form of wooden posts or concrete blocks 

Bit - a metal fixture on a barge or lock wall used to secure a line 

Bow - the front end of a vessel or barge 

Bow Boat - a small boat with a propeller that is attached to the front end of a series 

of barges and used to help guide the bow 

Bow Thruster - an internal device that provide lateral propulsion to the forward end 

of a vessel 

Box End - the end of a barge which is squared for the full depth and width of the hull 

Bulkhead - a vertical panel on a ship or barge; a wall; a series of flat pieces that slide 

down into slots to form a wall in front of a valve or dam 

Bulkhead Slot - the casing or guide that bulkheads are slid into to position them 

correctly for their function 
Bullgear - the large, toothed gear that operates the miter gates 

Bullnose - the end section of the short wall or river-side guidewall on either end of a 

lock 

Buoy - a hollow metal object that floats in the river to mark the limits of a channel, 

obstruction, or other important waterway feature 

Button - a metal fitting that lines are looped over or around to hold a vessel onto a 
lock wall; found on lock walls and on barges 

Cast Off - the act of removing the lines holding a vessel or barge to a lock wall, 

guide cell, or mooring cell 
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Sheet Pile - long vertical interlocking metal pieces that, when fitted together, can 

form a wall; often driven down into the bottom and placed in a circular shape 

to form a guide or mooring cell 

Chamber - the area of a lock between the upstream and downstream miter gates that 

is emptied and filled to lower or raise vessels 

COE - U.S. Army Corps of Engineers; the engineering branch of the United States 

Army and the United States "engineer" for the operation and maintenance of 

the Inland Waterway Navigation System of the U.S. 

Coupling - the manner in which two barges or a barge and a vessel are joined 

together 

CRREL - Cold Regions Research and Engineering Laboratory, operated by the U.S. 

Army Corps of Engineers; located in Hanover, MI 
Culvert - the large tunnel inside the lock wall monoliths that carries the filling1 

emptying water into and out of the lock chamber 

Current - the horizontal movement of water 

Cut - a group of barges that is only a portion of the towboats full load; the unpowered 

cut is the section of barges that is locked through without the towboat attached; 

the powered cut is that section of barges that still has the towboat attached 

Deckhand - a person who works as a crew member on a towboat charged with the 

handling of lines and lashings 

DeLong Pier - a temporary pier made up of a barge that is anchored to the bottom 

with "spuds", or piling that is driven down into the ground 

Dike - a wall or windrow of material, usually rock, used to train or align the flow of 

water in a particular direction; a dike may be submerged 

Discharge - the water that flows out of the culverts into the lower pool area of a lock; 

the port through which this water flows 

Double Tripping - the process of a barge leaving some of its barges temporarily 

behind while it powers the rest through the lock process; it towboat takes one 

set of barges through the locks, places then in a safe spot, and then returns to 

pick up the remaining set of barges and locks them through; this process 

requires cuts of barges to have power to them at all times during the locking 

process 

Downbound - traveling with the flow of the river 
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Elastic Deformation - the process by a which a material is deformed or deflected from 

its original shape, but returns to that original shape after some period of time 

(like a diving board) 

Eye - a loop formed in the end of a line either by doubling it over or by splicing the 

end back into itself 

Exchange Entry - a vessel enters the lock after passing a vessel departing the lock 

Exchange Exit - a vessel departing the lock passes a vessel entering the lock 

Fender - a device made of rubber, foam, plastic, or wood, used to dissipate the 

energy of an object striking it 

Fly Entry - a vessel enters a lock that is already set-up to receive it in the direction it 

is traveling; the vessel does not have to wait for another vessel to lock 

through, nor does it pass a vessel that has just exited the lock or for the status 

of the lock to change (turn back) 

Fly Exit - a vessel departs a lock and no other vessels are ready to enter it from 

either side 

Forebay - the area just upstream of the upper miter gates of the lock chamber 

Guide Cell - a large, round "island", approximately 20' in diameter, consisting of a 

sheetpile cell filled with earth or concrete 

Guidewall - the long wall of a lock approach, generally on the landside of the 

approach channel; used to guide towboats into the lock chamber 

Hair Pin - a metal rod, bent up at 90 degrees, mounted in lock wall or guidewall; 

used to secure a vessel to a wall with lines; also called a hook 

Hawser - a large diameter line 

Head - the front end, or bow of a barge or cut of barges; also, the energy of elevated 

water 

Head Differential - a difference in water leveIs 

Head Kevel - the device used to secure a line on the front end of a barge 

Helper Boat - a low-power towboat used to assist tows in entering or exiting a lock 

chamber 

Hip Towing - a method of towing whereby the vessel being towed is secured 

alongside the towboat 

Hook - see "Hair Pin" 
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Ice Coupling - a barge to barge connecting configuration used in winter conditions 

which consists of either a box-to-rake connection or a rake-to-rake connection 

(prohibiting box-to-box connections) 

Ice Gorge - a river condition where the ice has become so thick and deep that there is 

not enough water for a towboats propeller to bite into 

Illinois Waterway - the commercial water route including the Illinois River, the 

Calumet Sag Channel, the Chicago Sanitary and Ship Canal, and a portion of 

the Des Plaines and Chicago Rivers 

Intakes - the entrance to the fillinglemptying culvert 

Kevel - a heavy, metal deck fitting having two horn-shaped arms projecting outward 

around which lines may be made fast for towing or mooring a vessel 

Knockout Tow - a tow configuration whereby the towboat uncouples from its 

traveling position and moves into an empty space in the barge configuration 

Lift Gate - a type of lock gate that rises straight up from the bottom the lock as one 

leaf or a series of leaves 

Line - natural fiber, synthetic rope or wire cable used in the maritime industry 

LMS - Lower Mississippi, St. Louis; the Corps of Engineers District Office in St. 

Louis, Missouri, in the Lower Mississippi Valley Division 

Lockage - the process of passing floating objects from one pool water level to the 

next through a type of "water elevator" 

Lockman - a person who works at a lock and dam facility 

Lockmaster - the person in charge of a single lock and dam facility 

Lower Pool - the water at the downstream side of a lock 

LPMS - Lock Performance Monitoring System; used by the Corps of Engineers to 
track elements of lock operations 

Master - the person in charge of a towboat and its crew 

Mate - a member of the towboat crew who typically has responsibility for deck 

operations during lockage; the mate is usually in direct communications 

contact with the master 

Miter - the seam that seals two miter gates together 

Miter Gate - a type of gate used in locks; it has two doors that open upstream and 

close to a slight angle at the miter 
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Mooring Cell - typically a sheet pile cell of about 20' in diameter and filled with 

earth or concrete. Towboats tie off to them while awaiting lockage 

Mule Training - the practice of pulling barges rather than pushing them; used in ice 

conditions when the towboat needs to break the ice ahead and the barges trail 

in the broken ice path 

NCR - North Central, Rock Island; the Corps of Engineers District Office in Rock 

Island, IL in the North Central Division 

NCS - North Central, St. Paul; the Corps of Engineers District Office in St. Paul, 

Minnesota, in the North Central Division 

N-up/N-down - a locking policy whereby a certain number of vessels are locked 

through in one direction before the same number are locked through in the 

other direction; for example, a 3-up/3-down policy would require three vessels 

to be locked in each direction before reversing the sequence 

Outdraft - the current along the upstream guidewall that tends to pull a towboat away 

from the guidewall and towards the dam; the greater the amount of water 

flowing through the dam, the greater the outdraft will be 

Part - the act of stretching a line until it breaks; a parting synthetic line can kill 

people in its recoil path 

Pelican Hook - a quick release mechanism used in barge couplings 

Pike Pole - a long pole with a metal spike on the end; used by lock operators to move 

trash and ice in the lock chamber and approaches 

Pilot - a licensed mariner who directs the operations of a towboat 

PMS - Performance Monitoring System (See LPMS) 

Propwash - the turbulence produced by a vessel's propeller 

Quarter Kevel- the kevel that is one-quarter of the way aft from the head of a barge 

Rake - the flared end of a barge 

Recess - the indentation that the miter gates move in to in order to become flush with 

the lock walls, or that house other appurtenances that must not protrude from 

the lock wall into the lock chamber clear width 

RIAC - River Industry Action Committee; an maritime industry organization 

Sector Arm - the mechanical arm that opens and closes a miter gate 

February 1995 



Sector Gate - a type of lock gate shaped like a section of a circle; the curved ends 

come together at the middle of the lock; the sector gates allow filling and 

emptying of a lock at the ends and eliminates the need for a culvert and valve 

operating system 

Setover Tow - a tow configuration whereby a towboat pushes barges into the 

chamber, then uncouples itself and a portion of its barges, and moves into a 

configuration that fits the lock chamber 

Sheave - a grooved wheel in a block over which a rope passes 

Shift Chief - the person in charge of a lock operation during a typical 8 hour shift 

Shoaling - the river's natural process of creating shallow areas by moving sand and 

earth 

Sill - the floor of the lock where the miter gates seal 

Smoke - placing too much strain on a line will cause it to physically smoke; this is an 

early warning sign of parting a line if the load is not removed 

Spool - the drum that holds the wire rope on a tow haulage unit 

Steamboat Ratchet - a device used to take up the slack in a coupling 

Stem - the rear of a barge or vessel 

Straight Single - a tow configuration that requires no reconfiguration prior to lockage 

Switch Boat - a large horsepower towboat that can remove unpowered cuts from a 

chamber and take them to an area where the towboat can recouple the cuts 

Tainter Gate - a type of dam gate that uses a curved face of a pie-shaped wedge to 

control the flow of water 

Tainter Valve - a valve that uses the same principle of design as the tainter gate to 

control the flow of water into and out of a lock chamber 

Timber Head - a metal fixture on towboats, barges or on the top of a lock wall used 

to secure a line to; it has two large round metal cylinders 

Timber Pile - a mooring attachment created by driving heavy timber poles into the 

ground and tieing them together at the top to make a sturdy "post" 

Towboat - a vessel that pushes barges on the inland river system 

Tow Haulage Equipment - a land-based powered system that removes unpowered cuts 

from lock chambers 

Trash Rack - a screen on the filling port intakes that prevents debris from entering the 

culvert and clogging the emptyinglfilling system 
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Traveling Kevel - a kevel that is mounted on a rail on the top of the guidewall and is 

used to hold the head of an unpowered cut close to the upper guidewall while 

it is being extracted from the chamber 

Tumback - the process of locking through one vessel and then "turning back" the lock 

(empty) to lock through another vessel traveling in the same direction 

UMR - Upper Mississippi River 

Upper Mississippi River - that part of the Mississippi River from Cairo, IL (about 

185 miles south of St. Louis, MO) to the rivers headwaters in Minnesota 

Upbound - traveling against the flow of the river 

Upper Pool - the water at the upstream side of a lock and/or dam 

Winch - a hand or powerdriven machine having one or more drums or barrels on 

which to wind a chain or rope and used for hoisting or hauling 

Wing Dams - rock "walls" that extend from the shoreline into the river and are used 

to maintain a deep channel for vessel traffic; rock dikes may be either exposed 

or submerged 

WKN - Western Kentucky Navigation; a major towboat company operating on the 

Illinois Waterway 
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L. C t:.:MO X t:lQ, 1:','74 
V E S L  1\10 V E S S E L  NAME L.OCt. CHMBR R I V E R  REC NC? S O L  Y P  

i:j23(:)399 ?! 1 Ct:::SBURG c:ib 1 I L  (3247 1C;;'Yrl. 

LCt 'G 1-Ct:::G V E S L  L T  RECN ENTRY E X  I T  ARK D T  ARR T I l Y E  
IlIFiT'i CUTS T Y P E  TYPE CMCL OESL TYF7E T Y P E  EHMDD)  (t-IHIIM 

D 1:,2 S T E E OE16 1535 

SOL-FC-DT SOL-FC BOS-FC EOE--FC SOE-FC EOL-FC 
( tflMDD j (HHMN! (HHMN) (HHMN) (HHMN) IHHMN)  
(118 1 t 16(:)(:) 1615 1.&3(:! l&43  1&5& 

SOL-LC  BOS-LC EOE-L-C SOE-LC E Y E - L C  EOL-LC: 
(HHMN) ! HHMN) (HHMN) (HHMN j (HHMN)  (HHMN) 
1714 I i ' I E !  1723 1737 180(:) IE!l( : i  

O R I G I N  L E M O N T , I L L I N O I S  
SCHED B E G I N  S T A L L  END S T A L L  STAL-L  D E S T N  S T .  L O U I S ,  M I S S O U R  I 
S T A L L  (MMDD! ( H H M N j  (MMDD) (HHMN) CODE 

E N T E R  O P T I O N  N E X T  

W i n d o w  F ' M S / l  a t  N C R A 5  

-- - ----- ------ R I D  O M N I  SYSTEM .......................... 

06/ 17/94 
LOCI::: CHMER R I V E R  H E C  NO LCt:::G D A T E  LCt:::G T I M E  
(1) 6 I I L 0247 (38 16 1994 1 6 (1) (1) 

V S L  NO V E S S E L  NAME 
(1,290399 V 1 Ct:::SFlJRG 

ASTG V S L  NO A S S I S T I N G  V E S S E L  NAME 

F L T  L N G T H  F L T  W I D T H  D R A F T  BARGES BARGES TOW NO O F  V S S L  A S S I S T S  
( F E E T )  ( F E E T )  ( F T )  ( I N )  L O A D E D  EMPTY S T O F  F'SGRS (MAX OF 2 )  

r:) 9 2 (1) 1 (:IS (1) 9 (1) (1) (11 3 0 6 N J 

BARGE NO O F  CMDTY TONS BARGE - NO O F  CMDTY TONS 
T Y P E  W I D  L E N  FARGES CODE CARGO I T Y P E  W I D  L E N  BARGES CODE CARGO 

c c p r o 1 : : : ; c c E : 1 (1) 1 (:)( j(:)r:) (2 
C C D (1) 1 6 3 (1) 1 4 i:)(:i I C C D 0 1 1 0 0 1 4 (1) 0 
H C: D : 2 :  (:),4r(::i 1 

E N T E R  O P T I O N  NEXT  

W i n d o w  P M S / I  a t  NCKAS 



. - - . - -. - -- - -- - -. - .. - - .. . - - - - - - -- -. -- - - - - - -- . - - - - - -- . - - - -. - -. - - .. - .. - - - - -. . . - - - - -. - -. -. - . ... .- - - - -. -. - . . - R I  r, OtIN'J C-yqTFM z.:-=:. - ~ ~ - ~ ~ . ~ . z ~ : = ~ : . : ~ ~ . : : . . ,  : ~ - . - ~ z : : : = : . z : z = ~ = . : . : : : :  . z : . .  
2 - -. 

-- - -. - .- ..- - - - -- - - .- - - - - -- - . . ... -- -. - - -- . -. - - -- -. -- -- .- - -- - .- -- -- - .- - - -- - .- - . - -- .- .. - - - - - L",l--k:,AGE ,-OG - .- .. 

L-C't~'110 X (:)FJ/ 17 .!FiJ 
V E S L  NO V E S S E L  NAME LOCI.  CI-iMER Fi I VEK REC NO Si31.. YI.: 

(3576744 t : .AKEN RENEE ( 6  1 I L  (:'248 3 $74 

LCt:::G LCC::G V E S L  L T  R E C N  E N T R Y  E X I T  ARF: D T  AKR T I M E  
D I R N  C U T S  T Y P E  T Y P E  CMCL V E S L  TYfl'E T Y P E  MMDDj  ( I i t iMM)  
U J 1 t.' T E E (:)Bib 154(::1 

SOL-FC-DT SOL-FC  BOS-FC EOE-FC  SOE-FC EOL--F'C 
(MMDD) (HHMN)  (HHMN)  (HHMN! (HHMN)  (HHMN)  
08 16 181C) 1E51 1 1925 194(:1 

S O L - L C  B U S - L C  EOE-LC  SOE-LC B Y E - L C  E O L - L C  
(HHMN)  (HHMN)  (HHMN)  (HHMN! (HHMN)  (HHMN)  

O R I G I N  C H I L L O C H I T E  
SCHED B E G I N  S T A L L  END S T A L L  S T A L L  D E S T N  LEMONT 
S T A L L  (MMDD) (HHMN)  (MMDD) (HHMN)  CODE 

E N T E R  O P T I O N  N E X T  

W i n d o w  P M S / 1  a t  NCRAS 

-" -. - - - - -- - - - -. - - - - - - .- - -- - - - -- - - - - - - - .. - . - -- - - - - - - -- - - - - - -. - - - - - - - - - - - - - -- R I D  O M N I  S Y S T E M  ................................ 
............................... - ----------- ------------ V E S S E L  L O G  ------------ ------ - - ---- - 
VSLMOX (:!€I/ 1. 7 /94  

LOCI::: CHMER R I V E R  R E C  NO L C K G  D A T E  LCt.::G T I M E  
0 6 1 I L 0248 08 16 1994 1 €3 1 0 

V S L  NO V E S S E L  NAME 
i)578744 t:::AREN R E N E E  

A S T G  V S L  NO A S S I S T I N G  V E S S E L  NAME 

I-LT L.NGTH FLT WIDTH DRAFT BARGES BARGES TOW NO OF VSSL ASSI S-rs 
( F E E T )  ( F E E T )  ( F T )  ( I N )  L O A D E D  E M P T Y  STOF' F'SGRS (MAX O F  2 )  
(:,650 1:) 7 : 9 c:jc:i 1:) 6 13 (11 Y (1) 

--- BARGE - NO O F  CMD'TY TONS I BARGE - NO O F  CMDTY TONS 
TYPE W I D  L E N  H 4 R G E S  C O D E  CARGO I TYPE W I D  LEN B A R G E S  CODE CARGO 
0 C D (34 43  (:)6(:)(:)(:) I 0 C E 2 4 3  (:)3(:)131:) 

W i n d o w  F ' M S / l  a t  NCRAS 

E N T E R  O F ' T I O N  N E X T  



-. * . -- - I I.] El PIN I C: y CL T [: pl := = ::: ::, := :: := := z, = =: :-- = :: L. L., z: z: z:, = = = z =: Y L  := ::. ::. 
d -l - 

- - -- - - .- - - -. - - - - - - -- . - - - .- - - - -. .- .. - - - -- .. . - . - - - -. - - .. - . - - . .- -- - .- - . - - . - - - - - . - -- - - . - - - -- - . - - . . -.- .- l,,(-I.:.AGE - - -. - -- - . - . - - - - - - - .- - ., - . - -- - - - - -. -- -. , ... - . -. -- - .- - -. - - 

LCY.MCIY (:IE ,' 1 7 ,' 5'4 
'VECSL N U  'VESSEL NAME L.OIZt CHMEF' F I V E R  FELT_' NCJ 5ClL YK 

05990 3. t, NANCY S (30 1 I L  (:'249 19'74 

1-CC::G LCt:::G V E S L  L T  R E C N  E N T R Y  EX  I T  ARR D T  ARR T I M E  
D I R N  C U T S  TYPE T Y P E  CMCL V E S L  T Y P E  T'YF'E (MMDD) ( t-It-iMM) 

D 11) 1 I..: T E E t:i915 1'715 

SOL-FC-DT SOL-FC  EOS-F'C EOE-FC  SOE-FC EOL-FC  
(MMDD j (HHMN)  (HHMN)  (HHMN)  ( H H M N j  (HHMN! 

(1) 13 1 6 1'74Ci 195f:) 2(:)(1>4 20 1-7 2f::138 

S O L - L C  BOS-LC  EOE--LC SOE--L-C B Y E - L C  E O L - L C  
( HHMN) (HHMN)  ( HHMN ) ( HHMN i i HHMN ) ( HHMN ) 

O R I G I N  OTTAWA 
SCHED B E G I N  S T A L L  E N D  S T A L L  S T A L L  D E S T N  L A S A L L E  
S T A L L  (MMDD) (HHMN)  (MMDD) (HHMN)  CODE 

E N T E R  OF 'T ION NEXT  

W i n d o w  P M S / 1  a t  NCRAS 

----------.--------------------- R I D  O M N I  S Y S T E M  ................................ 
. -- - - - - -- -- - - - - .- - - - - - - - - - - - - - - - - - - - ............................... V E S S E L  L O G  - ----.--------.------.--.- ---- -.------------------------------- 
VSLMOX (1)8/ 17/94 

LOCI::: CHMBH R I V E R  H E C  NO LCt:::G D A T E  LC t :G  T I M E  
(1) 6 1 I L (11249 08 16 1994 1940 

V S L  NO V E S S E L  NAME 
0599016 NANCY S 

GSTG V S L  NO A S S I S T I N G  V E S S E L  NAME 

F L T  L N G T H  F L T  W I D T H  D R A F T  B A R G E S  B A R G E S  TOW NO O F  V S S L  A S S I S T S  
( F E E T  ) ( F E E T )  ( F T )  ( I N )  L O A D E D  EMF'TY STOF' F'SGRS (MAX O F  2 )  

(1) 6 6 (11 (1) 7 (1) (119 (:I(:) (1) 5 (1) (1) Y (1) 

-- BARGE - NO O F  CMDTY TONS I , BARGE - NO O F  CMDTY TONS 
T Y P E  W I D  L E N  BARGES CODE CARGO I TYPE W.ID L..EN BARGES CODE CARGO 

r3 C: D 04 65 f ; C C E 1 63 (:)Is(:)(:) 
, 

I 

E N T E R  O F ' T I O N  N E X T  

W i n d o w  F 'MS/1  a t  N C R A 5  



--. - .. - . . - -. - . -- - . - - - .- - . -- -- - . .- - -. - -. - - - - - - - . - .- .- - - -- - L"JCt.::&GE L O G  ==.=:Z-X-===Z-=~:.::;;-;= ==-=:::zL.===.:=:-;-=::.. . 

LC~: 'MOX c)ei' 1 -,7,'i4 
VESL. NO V E S S E L  NAME LOCI::  Ct.{ t lEK K I V E K  K E C  tJi3 S I I L  'f R 

Ci55hL29 L O I S  ANN 1 1.L 1 :  1c.?$4 

LCt:::G LCt.::G V E S L  1- T R E C N  E N T R Y  E X I T  & E l i  D T  ARR T I M E  
D I R N  C U T S  TYF'E TYF'E CMCL V E S L  TYF'E T Y P E  (MMDD! ( t iHMM)  

IJ 1 :  S T E E {:)916 164i:i 

SOL-F'C-DT SOL-FC  BOS-FC EOE-F'C SOE-FC E O L - F C  
(MMDD) (HHMN ) (HHMN)  (HHMN)  ( H H V  (HHMN j 

(1) E 1 6 2(:138 2 1 (:)(I) 21 23 2 136 2 155 

SOL-LC  FOS-LC  EOE-LC  SOE-LC E Y E - L C  E O L - L C  
( HHMN) ( Ht-IMN) (HHMN ) (HHMN)  (HHMN ) (HHMN j 
221 1 2215 2236 2250 2311:) 2321 

O R I G I N  NEW O R L E A N S , L A .  
SCHED B E G I N  S T A L L  E N D  S T A L L  S T A L L  D E S T N  LEMONT , I L. 
S T A L L  (MMDD) (HHMN)  (MMDD) (HHMN)  CODE 

E N T E R  O F ' T I O N  N E X T  

W i n d o w  F ' M S / l  a t  NCRAS 

. - - - - - .- - -- -- -- .-- - -. .- -. - - - - - - - -. - - - - - - - - R I D  O M N I  S Y S T E M  ---- - --------- ---- 
-- --------------- -- ------- - V E S S E L  L O G  - - 

VSLMOX (38 /  17/94 
LOCI::: CHMHR R I V E R  R E C  NO LCt:::G D A T E  LCt:::G T I M E  
0 6 1 I L  0250 06161994 2036 

V S L  NO V E S S E L  NAME 
0556629 L O I S  A N N  

A S T G  V S L  NO A S S I S T I N G  V E S S E L  NAME 

F:LT L N G T H  FLT  W I D T H  D R A F T  B A R G E S  F A R G E S  TOW NO O F  V S S L  A S S I S T S  
( F E E T  j ( F E E T )  ( F T )  ( I N )  L O A D E D  E M P T Y  STOF' F'SGRS (MAX O F  2 )  
1 1 4 0 0 7' (1) (1) 9 (:I (1) 0 5' 0 1 Y J 

-- BARGE - NO O F  CMDTY TONS I BARGE NO O F  CMDTY TONS 
T Y P E  W I D  LEN BARGES CODE CARGO I TYPE W I D  L E N  BARGES CODE CARGO 

C C D 1 01  I :  ; C C D (33 32 045(:)0 
C C 5 (1) 1 3:) (1) 1 5 :  C C D (::a5 1 (:) (:175(3C) 

E N T E R  O F ' T I O N  N E X T  

W i n d o w  F ' M S / l  a t  NCRAS 



- - - - - - - - - -. - - . - -- - -. . - - -. - -. - -- - - - -. - -. - - - - - . - .- R I Ij U M N I  S Y S T E M  =-=L-.~=;L-===:~===L::TL:L:=:=~=TTL-==~:  z:z-::T==: 

- - - - ..... . -. . -. .. .. -- -. . - -- - - -. .- - . . - -. .. . . -. - - - -- .- .- .- - - - - - -. - - -- - - - - - - -. -. - - - - - - - - - - -, - - - - - LOCt, :AGE LOG ==.z-:-=x::= ==== = ~ = ~ = = = ~ = = ~ = Y = . = : : z : L ~ : ~ : : -  ;; 

€:La1 T L L  (:i8/ 17 /94  
'.JESL NO V E S S E L  NAME L0E:'t. .. CHMBR R I V E F :  R E C  NO 50L ' IR 

1 I L  (3257 1994 

LCt:::G LC;C':G V E S L  L T  R E C N  E N T R Y  E X I T  ARR D T  ARK T I M E  
D I R N  C U T S  T Y P E  TYF'E CMCL V E S L  T Y P E  TYF'E (MMDD)  (HHMM) 

F 

S O L - F C - D T  S O L - F C  B O S - F C  E O E - F C  S O E - F C  E O L - F C  
! MMDD) ( HHMN ) ( HHMN)  ( HHMN ) ( HHMtd ) ( HHMI\I ) 

S O L - L C  E O S - L C  E O E - L C  S O E - L C  B Y E - L C  E O L - L C  
( H H M N )  ( H H M N )  ( H H M N )  ( H H M N )  ( H H M N )  ( H H M N )  

O R I G I N  
S C H E D  B E G I N  S T A L L  E N D  S T A L L  S T A L L  D E S T N  
S T A L L  (MMDD) ( H H M N )  (MMDD) ( H H M N )  CODE 

E N T E R  O F T I O N  

W i n d o w  F M S / 1  a t  N C R A S  



-- -- -- -- - - - . - .. - - . -- -. .- - - - - -, -- - - . - -. - - - - - - - - - -. - .. - - -- -- -. . - - - - -. -, - - - -. - - - -- - -. . . - - . -. -. - -- . . - - - -- - - F ? J E  , - ~ j , j p ~ , ~  syc , - r~ :p j  - -. z = ; ~ z = - ~ = . - z z y = = ~ z = = : -  =L-2-=::==~-:-z=L-~::=:zz:~.: 

. -- - - -. - -. - .- - - - .- , -. -- - -- - - . . - -. - .- -. .- .- -- - - - - - .- - - .- - - -- - - -. - -. - - -- - - -.- - - ,- - - -. -- - ,-rJ,-k.,AGE ,-lT,G =Lz:zzz;;= : : = ~ ~ ~ ~ 2 : z = : = ~ = z L y L 7 ; > = ~ y 2 z = = L , , ~ = =  =.= : 

L. Ct:::MO X C)8/ 17/94 
V E S L  t\lIJ 'vJESSEL N A M E  LOCt. :  CHMDR R I V E R  F:EC N O  S O L  YR 

Ci5 3 - .-, =. -3 
0551 28 1 R A M B L E R  I L  '-!,i.af 1994 

L C t . G  LCC::G V E S L  L T  RE!:N E N T R Y  EX I T  ARR D T  A R P  T I M E  
D I R N  C U T S  T Y P E  T Y P E  CMCL V E S L  TYFz'E T ' f fZ 'E  (MMDII !  ( Ht-IMM ! 

U 1 : )  M T F F (:)€317 1 (:)55 

SOL- - -FC-DT S O L - - F C  E O S - F C  E O E - F C  S O E - F C  E O L - F C  
(MMDD)  (HHMN ) i HI-IMN ) ( H H M N )  i HHMN)  i HHMN ) 
(38 1 7 1Ci55 1 : )  1121 11x8 12i31 

S O L - - L C  B O S - - L C  E O E - L C  S O E - L C  BYE-LC:  E O L - L C  
( HHMN ) ( HHMN ) ( HHMN ) ( HHMN ) ( HHMN)  ( HHMN! 
122(;i 1222 1226 1241 1243 1247 

O F ? I G I N  P E l i : I N  
S C H E D  B E G I N  S T A L L  E N D  S T A L L  S T A L L  D E S T N  L E M O N T  
S T A L L .  (MMDD)  ( H H M N )  (MMDD)  ( H H M N )  CODE 

E N T E R  O P T I O N  N E X T  

3.3: 57 8/17 .::Alt:::.H for- H e l p  5 4 P A G E  1 ADDR L U  F O R M  R C V  L T A I  

- ---- ----- ----- - - ------.------- R I D  O M N I  S Y S T E M  ------------------------- -------.- 
----.---------- --- V E S S E L  L O G  ---.- ---------- - - - - - - - - - - - - - -- - - - - -- - - .- -. - - - .- - - - .- - 

VSLMOX 08/ 17/94 
LOCI::: CHMBR R I V E R  R E C  NO L C K G  D A T E  LCt:::G T I M E  
0 6 1 I L 0257 08 17 1994 1055 

V S L  N O  V E S S E L  N A M E  
Ci56 128 1 R A M B L E R  

A S T G  V S L  NO A S S I S T I N G  V E S S E L  N A M E  

F L T  L N G T H  F L T  W I D T H  D R A F T  B A R G E S  B A R G E S  TOW NO O F  V S S L  A S S I S T S  
( F E E T )  ( F E E T )  ( F T )  ( I N )  L O A D E D  E M P T Y  S T O P  P S G R S  (MAX O F  2) 
i3685 1 05 09 (:I(:) 0 9 (1) (11 Y J 

B A R G E  - N O  O F  CMDTY T O N S  ' I -  B A R G E  p N O  O F  C M D T Y  T O N S  
T Y P E  W I D  L E N  B A R G E S  CODE CARGO : T Y P E  WID L E N  B A R G E S  C O D E  CARGO 

H C D ( )  32 (:)15(:)(:) 1 0 C E ( 1 )  53 i39(:)(:)(3 
rj c D (:I 2 4 7 (:)30(:)0 I 

I 

... : A 1  t :::.H for. H e l p  

E N T E R  O P T I O N  N E X T  

8 45 F'AGE 1 ADDR LC! FORM RCV L T A I  



-- -. -- -. .. - .- - - - -- - - . - . -. -. . -. . - - - - - .- . - - .- - . . . . . - - - ... - - L O C I  &[;E: ,_-I i)G -- - -.- . -. -- -- - - .- - -. -. .. . . - . .- - . -. . - . - - .- .. . - - -- -- .- , . .. -. - .. . .. 

1. Ct...P10X I : J ~ / '  17','94 
V E S L  NO 'VESSEL N k M E  L O C I  CHMBR R I ' J E P  R E C  NO S O L  YR 

9999999 H E C R E A T I O N  ~:jk. 1 1 L (:I 2 5 8 1 '7 -1 

LCt:::G L C t : G  V E S L  L T  RECN ENTR'Y'  E X I T  ARR GT ARF? T I M E  
I I I R N  CUT'S T Y P E  T Y P E  CMCL V E S L  T Y P E  T Y P E  iMMI I11~  (HHMI I )  

D 1:) 1 M Pi 1 )  F F (3817 11ZC? 

SOL-FC-DT  SOL-FC  EOS-FC  EOE-FC  SOE-FC E O L - F C  
(MMDD ) (HHMN)  i H H M N )  (HHMN)  i H H M N )  (HHMN)  

(:I 8 1 7 1 159 12(:)0 1 :  j 121.4 122\:j 

SOL-LC  EOS-LC  EOE-LC  SOE--LC B Y E - L C  E O L - L C  
(HHMN)  (HHMN)  (HHMN (HHMN i t i H M N )  (HHMN)  

O R I G I N  R E C R E A T I O N  
SCHED E E G I N  S T A L L  E N D  S T A L L  S T A L L  D E S T N  R E C R E A T I O N  
S T A L L  iMMDD?  (HHMN)  (MMDD) (HHMN)  CODE 

E N T E R  OF 'T ION N E X T  
LOCI::: MOD I F  I E D  

13:58 9/17 .:::Alt:::,H for. H e l p  5 4 PAGE 1 ADDR LU FORM RCV LTAI 

--.- ----------------- - - - - - - - -. - - .- - - - - - - a - - - - - - - - - - - - - - R I  D O M N I  S Y S T E M  - ------ - ------------ ---------- 
- ---- LOCt:::AGE L O G  ====I==========.~===========z'=:===ET 

LC~:::MOX (:)a/ 17/94 
V E S L  NO V E S S E L  NOME LOCt::: CHMBR R I V E R  R E C  NO S O L  YR 

9999999 R E C R E A T I O N  06 1 I L  (5259 1994 

LCt;::G LCC::G V E S L  L T  R E C N  E N T R Y  E X I T  ARR D T  ARR T I M E  
D I R N  C U T S  T Y P E  T Y P E  CMCL V E S L  T Y P E  T Y P E  (MMDD) (HHMM) 

D 1) 1 S R F F (1,817 1315 

SOL-FC-DT SOL-FC  BOS-FC EOE-FC SOE-FC E O L - F C  
(MMDD ) (HHMN)  (HHMN)  (HHMN)  (HHMN)  (HHMN)  
(58 17 1315 1316 1317 1335 1336 

SOL-LC  F O S - L C  EOE-LC  SOE-LC  B Y E - L C  E O L - L C  
(HHMN)  (HHMN)  (HHMN)  (HHMN)  (HHMN)  (HHMN)  

O R I G I N  R E C R E A T I O N  
r-- ~ L H E E  H E G I N  S T A L L  E N D  STALL- S T A L L  D E S T N  R E C R E A T I O N  
S T A L L  (MMDD) (HHMN)  (MMDD) (HHMN)  CODE 

E N T E R  O F ' T I O N  N E X T  

13:53 8/17 c:: A 1  t ::.-H f or. H e 1  p 5 4 P A G E  1 ADDR LU FORM RCV L T A I  



LPMS DATA 

LOCK 24 

18 August 1994 



- - .-- , .- . ' ,-,*- &i>[:-:;L~~~;,~,~;:ib~L-;: ,r '~-- c*,. ;I,::; :I:, 
. -  . -  

L A . -  ,. ..' r 8 i -4 I - ' . \d . . . -, .' 
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TYPE: 14TD !.EN BARGES C O D E  CARGO : T Y P E  LJJID LEN B A R G E S  CODE CAHGC 

C (= D ! 3 1  i C C, E (113 3 1 (1) 4 5 i:) 0 
C C D ,:j& (1) ( 1  i: !I E 4 (1' 1 !::C)!:)!:>(:) 

ENTER OPTION NEXT 



E:'.ITEP DF'T I ON NEXT 

W l ? d n w  F M S / 1  a t  N C R A 5  
- -  --.- ----- .. .. -- - - - - - -- - -- - -- -- - - - -- - - - -- .- - -- -- - - - - - - -- -- - - - RID OM?.jI SYCTEM = = - = = = : = = : = = = = = = - = = = = = = = 2 = . = = = = = = _ 1 ~ - : 1  .- C, 

-- -- .- - - -- -- - - -- - -- - - - - - - - - - - - -- -- - - - - - - - - .. -- . .- -- -. - - .- - - *- - - - - - - - - - - - - - - - - - - - - VESSEL L'7G -- - - - - - -- - - - -- - - - - - -- - - - - - -- - - - - - - -- - . -- - - - - -- - - - - - - -- - - -- - - - - -- - -- -- - - - -- - -- - - 
'.>s;!,-p:[] y C:B/ : 3/?4 

L O C I :  CHMBT;: R:VEF: KEC NO LCi.::G DATE LCc::iI; T I M E  
24 1 M I  i:)26i:) 08 18 1934 1820 

?!C . .,L rd D VESSEL NAME 
i:!ti:34 1 1 S I F: F:OHEF:T 

A S T G  V S L  NO A S S I S T I N G  VESSE!-  NGME 

-. 
!k :...T L-N.31-14 F!-T W I PlTH D R A F T  BARGES BARGES TO& NO O F  VSSL ASSTST5 

! F E E T  i ( F E E T  ) ( F T !  ! ! LTJPDED EMF"Y ST3F' F'SGFS !MAX 0' 2 1 

C j 5 C . 5  7 (1) 1 :  1 (:;b !:: 2 (1) 5 N !:I 

SC:::[3E --- NO O F  CMCTY T C N S  ' ---- FAR:3E --- N O  O F  CMDTY TONE 
-- %.,, p ~r 1413  LEN B A R G E S  CODE CORGC i TYPE WID LEN BARGES CODE CARG'3 

P B !! 7 1: : 1 ! , F F.c A ! C, 5 (11 I,:] (11 (1) (: 
F E.: E< !:!z i y )  1 iI)<:)!:)[:!!:j ; 



95:11=;P..! MOEE! R IVE i i , I i - .  
317HE:? BEG I N  STPLL. END STULL 5TFIi ... ?. DESTV !!=Ah!TON , hiG. 
,:: 7.. - 
. , . I (HHP11.I j (MMDD 1 ! HtiMI.! ! CODE' 

ENTEF: OPTION NEXT 

141ndow F'MS/1 a t  NCRAY 
- - -- -- - - - -- - - - - -. - - .- .- - - - - - - - - - -. - - - - - - --- K I D  OMN, SYSTEM ............................ 
. . - - -- - .- - .- - .- -- -. -- - - - - - - - - - - - - - - - - - - - - ............................................ VESSEL. LOG 
ti: '5 I... y [:' Y 08/ 14/94 

LOCt::' CHMBR F:IVEF: REi3 NO LCt:::G DATE LCP::G T IME 
24 1 M I  026 1 (38 18 1994 1855 

'.,I S L- NC V E S S E L  NAME 
!:,24!:)85E\ I.::i;Y 0 

ASTO VSL ~9 ASSISTING V E S S E L  PJfiME 

FYi..T LNGTH F L T  WIDTH DRAFT Bk9GE9 B A R G E S  'OW NO OF VSSL ASSIST5  
(FEET; (FEET)  ( F T )  ( I N ,  LOADED EMF'T'f STGF' F'SGRS (MAX IJF 2 
(3545 I:! 4 5 ! r:)h i:) 2 !I) (I! N !:! 

BAF:GE N[l  OF CMDTY TONE I _ _ _ _  EAriGE --- NO OF CMDTY TONS 
-- 'v F:, c: 

, , . W I D  LEN BAFiGES CODE CARGO : TYPE WID LEN BARGES CODE CAF:GZ 
C F <!I 2: ~ ! !  ! L C F (:)I -7 . . 02 301:1 

Wlndnw F'MS '1 at NCF'FIS 



3 1 I !  ST. I....OIJ I S . YO 
5 , Z H E D  BEGIN STALL ENG S T A L L  STALL DESTN CL.. INTON. If4 
"'-:AI :r ,- 1 ,. ! wl.1C;7: 1 4  j !,MMfiD! !HHMNi CODE 

ENTEF OF'TION NEXT 

141 ndow PMS/ ; a t  r4CRA5 
.. ...... -. ..-..... - - - .. - ..... - - - - - .... - -. - - - - - - - - .- - - - - - - - - - - - - - - - - H I D  DMNI S.yS'EM .. .... .-... .. .....-..... .... .. .. - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - 

- . . - - -- - - -- - - -- . - - - - - - - - - - - - - - - - - - - - - - - - ...... - ....-.. - .. - - - - - .. - - - - - - - - .. - - - - - - - - VESSEL- !-05 - - - -- - - -- - -- - -- - - - -- - -- - - - - -. - - - - - - - - - - 
, ! r; I tq c, '>.' - L . L . ,  ,\ !:)8/ : 9 / 7 4  

LOCt:: CHMBR RIOEF: REC NO LCKG DATE L C K G  T IME 
1 pl I !:1262 08 1 S 1994 

.- 24 i !:) 2 (1) 

I I,- /  ... v z  NO 'JESSEL NAME 
5 ! 7' AXER ICAP.4 BEAUTY 

AS'G VS, NO ASSISTING \JESSEL NAME 

T P C  FL.T W I !3TH DRAFT BARGE3 BARGES TOW NO O F  VSSL ASSISTS 
I: FEET)  !FEET'! (FT !  ! I N )  LOADED EtlpT'f STOF' F'SGHS 'MAX OF 2) 
I i r:) 2. 0 5 ,:I 7 (1) (:! 15 (3 (1) r\l 7 

---- EfiRGE --- NO OF CMDTY TONS I ---- BARGE --- NO OF CMDTY TDNS 
.-: %,, KID LEN BARGES CUDE CARGO ! TYPE WID LEN EARGES CODE "ARGO 
C i; p 1 7  67 ! C 12 E I:)Z 67 I?(:)(:II:I 

ENTEP gF'l" 13h NEXT 



Appendix Ill 



STOPWATCH DATA 

STARVED ROCK LOCK 

16 & 17 August 1994 



Lock: Starved Rock Date: 16 Aug 94 

Notes: 
Sebring 1 

Setover 

ITEM 
a. 
b. 

DESCRIPTION 
Observation Number 
Tow Type 

2 Fuel Barges 
Fly 
Upbound I 

c. 
d. 
e. 

Number of Barges 
Type of Entry 
Upbound/Downbound 

NO. [WENT 
1. 1 BOW 

CLOCK ELAPSED 1 COMMENTS 
0 v e r S i l l - T  

00:01:20 1 
1 

00:08:00 1 tie off barges to wall 1 " ' "" " ' " 

00:02:20 1 
f 

00:00:02 1 
' " ' ' ""f ' "  

00:01:42 1 
' " ' ' ' I , . 

00: 1 1 :41 1 
' " '  ' t "  

00:02:03 1 
t 

00:00:02 1 

00:05:40 I reconfig during exit 
1 

00:02:20 1 
1 

# I .. 
,2. I I-~rst Cut In 1 12:14:30 

1 f 
3. I m e c o n f i g u r a t i o n  1 12:22:30 

t 
4. Reconfiguration 1 12:24:50 

f I 
5. I Start Gate Closure 1 12:24:52 

i 1 
6. 

7. 

Gate Closed 1 12:26:34 
f 

t nd  Fil/Empty I 12:38:15 
I 1. 

/,1,2:40:2(! 
t t 

lo.  I E n d R 4 o n  , , , , , , ,  , 

1 1. I Tow Stern Over Sill 1 12:48:20 



Lock: Starved Rock Date: 16Aug 94 



Lock: Starved Rock Date: 16 Aug 94 

22. I Cuts Bump together 
l " 

1 7:35:55 

17:39:30 

17:40:30 

23. 

24. 

Tow Starts Exit 

Tow Stern Over Sill 

00: 0335 

00:01:00 2nd cut was towboat only 



Lock: Starved Rock Date: 16 Aug 94 

Notes: 
Karen Renee 4 

Knockout 
6 
Fly 
Upbound 

' ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

COMMENTS CLOCK 1 ELAPSED 
1 8:49: 00 ' 

NO. 
1. 

EVENT 
Bow Over Sill 

1 
00:01:52 [ 

1 '  
00:12:33 1 

1 
00:02:05 1 

1 
00:01:25 1 

1 
00:03:00 1 reconfig during exit 

1 
00:04:25 1 

1 

5. 1 Start Gate Closure 
1 

6. ( Gate Closed 
1 

00: 1 2: 00 

00:01:00 

00: 03: 00 

00: 00: 05 

1 

1 9:05:05 

1 9: 06: 57 

2. 1 First Cut In 
1 

3. I Begin Reconfiguration 
I 

7. ( End FilllEmpty 1 19:19:30 
1 i 

8. I Gate Recessed 1 19:21:35 
1' "" .- 1 ' '  ' " 

9. ( Begin Reconfiguration 1 19:23:00 
1 1 

10. I End Reconfiguration 1 19:26:00 
1 I 

1 1. I Tow Stern Over Sill 1 19:30:25 

1 9:Ol: 00 

1 9:02:00 
1 

4. 1 End Reconfiguration 1 19:05:00 
t i 



Lock: Starved Rock Date: 16Aug 94 

ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

5 
Knockout 
5 
Fly 
Dwnbound 

NO. 
1. 

Notes: 
Vancy S 

CLOCK 
19:50:00 

WENT 
Bow Over Sill 

ELAPSED 1 COMMENTS 
1 

00: 0758 1 
f 

00:00:20 1 
1 

00:01:02 1 
1 

2. 

3. 

4. 1 End Reconfiguration 1 19:59:20 

First Cut In 

Begin Reconfiguration 

1 00:00:15 1 

00:04: 39 exiting 

1 9: 57: 58 

19:58:18 

9. I Begin Reconfiguration 1 20:17:30 
1 

10. I End Reconfiguration 
f 

1 1. I Tow Stern Over Sill 

f 
00:02:43 I reconfig during exit 

1 20:20:13 

- 
20: 24:46 

00:04:33 
, - -  - 



Lock: Starved Rock Date: 16 Aug 94 



Lock: Starved Rock Date: 1 7Aug94 

Notes: 
Rambler 
second cut; tug only 

7 
Double 

ITEM 
a. 
b. 

DESCRIPTION 
Observation Number 
Tow Type 

9 px3 configuration 
Fly p rec vessels during turnback 
Upbound ] 

c. 
d. 
e. 

Number of Barges 
Type of Entry 
Upbound/Downbound 

ELAPSED 1 COMMENTS 

00:13:13 

00: 00: 43 

00:OO: 17 

CLOCK 
11 :04:47 

11:18:00 

11:18:43 

NO. 
1. 

EVENT 
Bow Over Sill 

1 
2. 

3. 

First Cut In 

Second Cut Loose 



STOPWATCH DATA 

LOCK 24 

18 August 1994 



Lock: 24 Date: 1 8Aug94 



Lock: 24 Date: 1 8Aug94 

Notes: 
Bill O'Donley 

n line 

2 
Single 
2 
Exchange 
Dwnbound 

ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

COMMENTS ELAPSED 

00:01:50 

CLOCK 
1 1740:30 

NO. 
- 

1. 

00: 00: 20 

00:01:50 

00:05:30 

00:01:55 1 
1 

00:00:05 1 
I 

00:02:00 ( 
1 

EVENT 
Bow Over Sill 

1 1 :42:40 

1 1 :44:30 

2. ( Entry Complete 
1 

3. 1 Start Gate Closure 
t 

1 1 :42:20 

4. Gate Closed 

5. 

- 

1 
End Fill/Empty ( 11 :50:00 

I 
6. I Gate Recessed 1 11:51:55 

! f 
7. I Begin Exit 1 11:52:00 

1 ' '  " "  1 
8. 1 Tow Stern Over Sill 1 11:54:00 



Lock: 24 Date: 18Aug94 

Notes: 
Ardyce Randall 

3x5 configuration 

3 
Double 
15 
Exchange 
Upbound 

ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

ELAPSED 1 COMMENTS 
I 

00:08: 55 

00: 01 : 35 
1 

00:01:20 1 
1 

00:00:10 1 

CLOCK 
1 5:45: 25 

15:54:20 

1 5: 55: 55 

,NO. 
1. 

EVENT 
Bow Over S~l l  

17. ( Start Gate Closure 
I 

18. I Gate Closed 

4. Second Cut Clear of Gate 1 15:57:15 

2. 

3. 

1 6:38:57 

16:40:58 

I I 

First Cut In 

Second Cut Loose 

00: 02: 01 

f f 
19. ( End FillIEmpty 1 16:47:08 

t t 
20. ( Gate Recessed 1 16:49:03 

t I 
21. I Second Cut Begins Exit 1 16:49:10 

00:06: 10 

t 
22. 1 Cuts Bump together 

t 
23. 1 Tow Starts Exit 

I 

00: 01 : 55 

00: 00: 07 

00:02: 55 

00: 1 1 :45 

00:03:10 

16:52:05 

17:03:50 

- 

24. 1 Tow Stern Over Sill 1 17:07:00 



Lock: 24 Date: 1 8Aug94 

Notes: 
Sir Robert 

2x2 configuration 

4 
Single 
4 
Fly 
Dwnbound 

ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

ELAPSED 1 COMMENTS 
1 

00:04: 25 1 

00: 00: 55 

00:02:00 

00: 06: 02 
1 

00:02:04 ( 
1 

00: 00: 29 

00:03:05 1 
1 

CLOCK 
1 8: 33: 20 

1 8:37:45 

1 8: 38:40 

1 8:40:40 
I 

NO. 
1. 

EVENT 
Bow Over Sill 

- 
5. 1 End FilllEmpty ( 18:46:42 

1 
2. 1 Entry Complete 

1 
6. I Gate Recessed 

3. 

4. 

T 

18:48:46 

Start Gate Closure 

Gate Closed 

7. 

8. 

Begin Exit 1 18:49:15 
i 

Tow Stern Over Sill 1 18:52:20 



Lock: 24 Date: 1 8Aug94 

Notes: 
Kay D 

%el Barges 

5 
Single 
2 
Exchange 
Upbound 

ITEM 
a. 
b. 
c. 
d. 
e. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 
Upbound/Downbound 

ELAPSED 1 COMMENTS 

00: 04: 20 

00: 00: 50 

00: 02: 00 

00: 08: 28 1 

00:01:59 
1 

00:00:03 1 
1 

00: 02: 50 1 
1 .  

CLOCK 
19:05:50 

,NO. 
1. 

WENT 
Bow Over Sill 

1 
2. 1 Entry Complete 

1 
3. 1 Start Gate Closure 

i 
4. 1 Gate Closed 

19:10:10 

19:11:00 

19:13:00 
I 

5. 

6. 

End FillIEmpty 1 19:21:28 
1 

Gate Recessed 1 19:23:27 
1 1 

7. I Begin Exit 1 19:23:30 
1 

' ' ' "' 

8. (Tow Stern Over Sill ( 19:26:20 



Lock: 24 Date: 18Aug94 

Notes: 
American Beauty 

3x5 configuration 

6 
Double 
15 
Fly 

ITEM 
a. 
b. 
c. 
d. 

DESCRIPTION 
Observation Number 
Tow Type 
Number of Barges 
Type of Entry 

Dwnbound bight Lockage e. Upbound/Downbound 

NO. EVENT CLOCK ELAPSED 1 COMMENTS 
1. Bow Over Sill 20:41:00 1 

00: 10:03 1 

3. 1 Second Cut Loose 

1 
00:01:58 1 

00:01:25 
i 

00:03:40 1 
I 

00:01:20 I 
I - 

00: 02: 00 

00: 07: 25 
t 

00:01:51 1 

00: 00: 01 

00:03: 53 
I 

00:13:05 

00: 04: 32 

13. 1 End Fill/Empty ( 21:33:27 
f 

14. 1 Gate Recessed 21 :35:25 
1 f 

1 5. 1 Second Cut Bow Over Gat4 21 :36:50 

1 6. 1 Second Cut Clear of Gate 1 21 :40:30 
1 

17. 1 Start Gate Closure 
I " '  ' ' '  

18. 1 Gate Closed 

21 :41:50 

21 :43:50 

! ! 
19. (EndFillIEmpty 1 21:51:15 

1 
20. ( Gate Recessed 

f 
21. I Second Cut Begins Exit 

1 
22. 1 Cuts Bump together 

f 
23. (Tow Starts Exit 

I 
24. 1 Tow Stern Over Sill 

21 :53:06 

21 : 53: 07 

21 :57:00 

22: 1 0:05 

22: 1 4:37 



Appendix IV 



CARGO' 'ACITY 

B A R G E  

1500 TON 
52.500 BUSHELS 

453.600 ULLONS 

15 B A R G E  T O W  
22.500 TON 

717.500 BUSHELS 
6.W4.WO OALLONS 

J U M B O  H O P P E R  C A R  
100 TON 

3.500 B u s n c u  
30.110 CALLONS 

1 0 0  C A R  U N l T  T R A I N  
10.000 TON 

3W.OOO BUSHELS 
3.024.OW GALLONS 

LARQE SEMI 
26 TON 

010 BUSHELS 
7.085 GALLOWS 

EQUIVALENT UNITS 

1 BARGE 

1 TOW 

1 1 1 ' -  
U ' U  

M ' =  - ="ZLLIC 
15 J U M B O  HOPPERS 

I 
2% U N l T  T R A I N S  

EQUIVALENT LENGTHS 

A 
V. M I L E  

15 OAROE TOW 

RAIL AND WATER 
800 Lincoln Way 
Am-, lowa 50010 
51 5-239-1 367 

2% M I L E S  

2% UNlT TRAINS 

Y ' h  MILES 
ASSUMING 150 FT 
BETWEEN TRUCKS 

Iowa Department PIannIng end Re lurch  Dlrlelon 

of Transportation 



29 JUNE 1988 

LOCK AND DAM DATA AS PER OD-I 

A l l  Elevat ions r e f e r  t o  Mean Sea Level (MSL), 1329 A ~ J  
LOCK NAME 
ELEVAT I ON OBR I EN LOCKPORT BRANDON DRESDEN MARSEILLES STARVED PEORIA LAGRANGE 
LOCAT I ON . ROAD ISLAND ROCK ................................................................................................................. 

1. RIVER MlLE 326.5R 291. OL 285.9R 271.4L 244.6R 231 .OR 157.7L 80.2R 

2. COMPLETE 1960 1933 1933 1933 1933 1333 1338 1933 

4 .  FLAT POOL 
a. Upper 
b. Lower 

5. HIGH WATER 
a .  Y e a r  
b. Upper 
c .  Lower 

6. LOCK 
a .  S ~ t e  110'x1000' 
b .  L ~ f t  ( N o m ~ n a l )  0-4.5' 
c .  A v e .  F I  I1 T ~ m e  5 min. 
d. Ave .  Empty T i m e  Var iable 
e .  Lock Wail € lev .  586.5 
f .  Si  I I Elev. 

( 1 )  Upper 561.0 ' 

( 2 )  Lower 561 .O 
g .  Gu~de W a l l  

( 1 )  Upper Elev. 586.5 
( 2 )  Upper Length 1000 ' 
( 3 )  Lower Elev. 584.5 
( 4 )  Lower Length 1000 ' 

h .  Upper Gates 
( 1 )  T y p e  Sector 
( 2 )  Height 24' 
( 3 )  Length - 138'x35' 
( 4 )  W e ~ a h t  216 ton 

I .  L o w e r  G a t e s  
( i  ! T y p e  Sector 
( ? <  b e  I gh: 24 
(11 4 ,  ,eno:r ; 3 6 ' ~ 3 5 '  
.! he*gbt Z l 6  :or$ 

l lO 'x600 '  110'x600' 
39 f t .  34 f t .  

20 min. 19 min. 
16 min. 15 min. 
584.6 542.6 

584.6 542.6 
3 mi les 610' 

546.6 513.6 
350 ' 600 ' 

Vert. L i f t  ' N i t e r  
24' 20' 
118' 65' 

190 ton 90 t o n  

Ki t e r  M i te r  
59' 50 ' 
65 E5 ' 

24C :or 27: :or 

1982 
503.10 
505.29 

1 lO'x600'  
21.7 f t .  
14 min. 
12 min. 
509.5 

487.7 
470.5 

509.5 
580 ' 

496.5 
594 ' 

M i t e r  
20' 
65' 

90 t o n  

M i t e r  
39 ' 
65 '  

162 t o r ,  

1982* 
485.75 
474.15 

11O0x6O0' 
24.3 f t .  
15 min. 
10 min. 
486.0 

464.2 
444.5 

486.0 
600 '. 

466.7 
550 ' 

M i t e r  
20'  
65'  

90 ton 

K i  t e r  
32 
65 ' 

:7C T o r  

1982 
466.10 
464.72 

1 lO'x600'  
18.2 f t .  
12 min. 
9 min. 
463.5 

441.7 
426.0 

463.5 
598.5' 
456.5 

594 ' 

M i t e r  
20' 
65' 

90 ton 

M i te r  
36 '  
65 ' 

15C T o r  

110'x600' l l O ' x 6 0 0 '  
11 f t .  10 f t .  
5 min. 5 min. 

5min. Smin. 
445.0 434.0 

M i t e r  M i t e r  
17.5' 17.5' 
65 ' 65 ' 

63 t o n  62 t o i r  

M i te r  M i t e r  
25.5' 25.5' 

65 ' 65 '  
7C t o r  75  f o r  



1 Januar y 1991 

PHYSICAL DATA 
UPPER MiSSlSSIPPl RIVER AND MSKASKIA RIVER 

LOCKS AND D W  NOS. 24. 26. LOCKS NO. 27. MELVIN PRICE AND MSKASKIA LOCK AND DAY 

GINER*L M W S K I A  W NO. 24 DAY NO. 26 YELVINPRICEOUI LOCKSW,27 

Location - m l l o  IUUR) 0.8 IKRI 273.4 241.4 200.8 186.1 

Normal UPPOI pool eI.vatlon, f t .  NVGO 388.0 440.0 434.0 419.0 --- 
Lonpth o f  pool, m l loo  

Lonpth o f  canal. m l lao  --- 
10 Ju l  la38 

26 h r  1138 

--- 
12 h r  1940 

14 h y  I840 

-.- 
I1 N O ~  1986 

22 Jun 1117 

--- 
I #  b y  I881 

11 Ju l  1 0 8  

8.4 

I 9  Ju l  ID47 

--- 
1 J u l  1048 

7 Fab 1118 

--- 

Work on lock o l f l c l a l l y  bopun I) Nov 1884 

a D ~ O  lee1 Work on d m  o f l ~ o l o l ~ y  bopun 

Work on canal o t t l e l o l l v  bopun 

ProIoot  plocad I n  oporatlon 

L u l l  pool f l r a t  raoahod 

LOCKS - 
Moln lock d l r rno lona  

Au8tIIIorv lock d lmnolona 

I 0  Oct I989 

I fob  1100 

U l t o r  a l l l o .  mlavatlon. f t .  )NOD1 

h l n  lock - uppar 
h l n  lock - lmr  
Aur l  I Iarv look - uppar 
AuaI I Iarv lock - l M r  

TOP o t  lock ~ 1 1 0 .  a lovat lon 188.0 417.0 444.0 404.6 432.0 

Lonpth o t  lock wa l l s ,  lnoludlnp guldo u l l m :  

Land r a  I l 
In to rmd lo tm w a l l  ( land) 
I n t ~ r m d l o t o  w a l l  l r l v o r l  
I I Ivar wa l l  

Elmvatlon. out  o f  o w r o t l o n  1upp.r papal 881 .O 

Lonpth 01 m v a b l o  aoet lon t c loa r lnp  oponlnpl 120 
4 
Lanptn o t  la wator d m  l o n g l a t ~ o n  data) .-- 

1 ZOO 1140 

Wldth o t  p la ro  a t  baa.: 
Talntor gotoa 
Ro l lo r  potra 

Plar  1 b 3 11' - I 1  1/2- 
P la r  2 10' --- 

t l o v a t l o n  top o f  ~ l o r n  418.0 

El*vat lon top o f  d m  --- 
€ lova t lon  o f  pat. SIIIO: 

Talntar  pot00 
Ro l la r  getma 

€ l a v a t i o n  a t  notch 
Wldth o f  notoh 

Il.alnun h lph  *.tor oIavat lon0 IDatal - T l l l u t a r  ( I I I I I  
Maalnun rocord t l w  e.f.0. (Data) --- 
Marlnun h lph m t o r  ~ I o v a t l o n o  I O o t ~ I  - Upp.r 388.80 1197)) 
Y ln lmm ~ I o v a t l o n  o f  tol lwatmr 841.97 

(Rocord t o  data) (Jan 1917) 

Y ln lmm and maxlmm ropulatad pool olavatlonm 383.0 - S81.0 
Contro l  point lml l o t  k d  Dudll#.O) 
Contro l  polnt  a lava t lon  I I m l t a  387.6 - 381.6 
Flow a t  bogmnnlnp o f  d r r r d a n  6000 
F l a w  a t  0p.n r l v a r  10000 
Surlaca aroo a t  mail- pool. ooraa --- 
*Nota: Thlo ~ I o v a t l o n  18 d*pondant upon tho f low r o t a  I n  tho Ylaoourl n luor .  Tho optlnurn m l tua t lon  l o  414.0 a t  the o l d  at ructura.  
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High Water Info RID Locks(HIGHH20.XLS) 

O'Brlen 
- - I Lockport 00 STOP Navigation due to LOW 7,000 CFS and Above Industry 

WATER - Pool pulled down by Power Provided Helper Boat Required to Pull 

I House (Not enough water over sill) First Cut I 
- - -- -- -- 

Brandon Road - - - - -- . - 

496 53 Elevation and Above NO 
I Upbound and Generally NO 

Downbound Doubles. Downbound 
doubles possible if industry provided 
helper boat takes them down the river 
to tie off. 

- . - - - . 

Marseilles 484.48 (STOP Navigation - Water in I Bull Gear Pits) 

starved Rock 461.5 (STOP Navigation -Water in 458 5 (RESTRICTION ON DOUBLES 
Bull Gear Pits) - 1  -water over ~ower wall) 

466.7 (RESTRICTION ON DOUBLES 
Water over Lower Wall) 

Outdraft High (25'-170' Dam Opening 
TOWS Warned 

Peoria 441.0 Elevation (dam goes down) Elevation (dam goes down) 
OPEN PASS CONDITION OPEN PASS CONDITION 

- 
12 18.0 Gage (STOP Navigation - Pull 

Don? Allow Use of Moorings in Cans 
for Waiting Out High Water(Just for 
Locking 

i 
Helper Boat at 5 foot of tainter gate 
opening 

~ u R . ~ ~ ~ ~  429.5 Elevation (dam goes down) 426.5 Elevation (dam goes down) 
OPEN PASS CONDITION OPEN PASS CONDITION 

I ~ i t e r  Gate Motors 

442.0 Elevation Coast Guard Stoppe 
Traffic for fear of levee damage 

- - - - - - -. - .- 
13 193  Gage (STOP Navigation - Pull 

Valve Motors) t- Top of Lock Wall-592.0 (23.30 gage) 

20.5 Pull Motors (STOP Navigation) OutdraR Sign Displayed at 9.0 
TWHelper Boat Suggested at 10.0 
TW - Helper Boat Required at 14.5 
TW 

Cuts Dawnbound-Assist Tow onto 

15 21.5 Gage (564.00 Elevation) STOP 
Navigation (At 11.0 Gage lndustry 
provided helper boat encouraged) 

. . . -. - - -- I l4 1 Valve Motors) 
16.0 Gage (STOP Navigation - Pull 

- -  ib-0 Gdge (STOP Navigation -water / I 

Boat Requlred (Upbound-Pull 1st 
11.0 Gage lndustry Provided Helper 

over lower miter gates) 
-- 

17 I-- 18.4 Gage (STOP Navigation) 
- - -- 

1 8 1 ~ 4 ~ ~ i & i i % 3 2 . 5 7  Elevation (STOP i 1 

I lwater I 

19 

-- . - - - .- - - - I 
20 118.0 Gage (STOP Navigation) I 

I -- 2 1 1 2 3 . 0  Gage I Elevation 480.80 (STOP i I I 

Navigation) 
- 
22.17 Gage I Elevation 500.00 STOP 
Navigation - Lower wall goes under 

22 21.0 Gage I Elevation 467.1 (STOP 
Navigation) 

22.4 Gage 1468.5 Gate pits flood 
25.4 Gage 1471.5 Lockwall overtops 



ASSESSMENT TEAM MEETING 

BRAINSTORMING SESSION 

4 October 1994 



Brainstorming Session; October 4, 1994 

Suggested Idea 

Ready to Serve 

Mandate Standard Tow Size Configuration 

Extended Guidewalls 

Mooring Cells Near Bullnose and in 
Approaches 

Improve Approaches 

Alignment (Navigation) Cells 

Floating Mooring Buoys 

Dedicated Lockage Times for Pleasure 
Craft 

Helper Boats 

Switch Boats 

Powered Kevel 

Remote/Automated Dam Gate Control 

N-up/N-down Policy 

New Lighting Standards (High Mast 
Lights) 

Improve Ice Passage 

Wicket Gates to Pass Ice & Allow Open 
Passage at Locks 17 & 20 

Implement Automated Control System 

CCTV at Certain Locations 

Traffic Management 

Standardize Barge Coupling 
DevicesIProcess 

Government-Supplied Equipment 

Create Indraft 

Shut Down Dam on Approach 

Response to Idea 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

New Item - Add to Report 
-- 



Suggested Idea 

Operate Gates on Dan1 Furthest from Lock 

Deeper Approaches 

Operational Philosophy (Lockmaster's 
Authority) and Industry Attitudes 

Deepen River Upstream of the Gate Bays 
of the Dam 

River Traffic Scheduling 

Extended Guidewalls 

Waiting Areas Closer 

Widen Channel 1-2 Miles 
Downstream/Upstream of the Lock 

Mandate Minimum Horsepower 

Identify Bottlenecks 

Add Guardwall 

Charge Vessels Based on Time (Toll) 

Crew Training 

Lock Staffing 

Switch Boats 
- 

Helper Boats 

Bow Boats 

Powered Kevels 

Corps/Industry Communications 

Vessel Traffic Monitoring/Information 

Regulate Flow of Vessel Traffic 

GPS Tracking 

Regulate Time Utilization 

Ready to Serve Configuration 

Quick Couplings 

Response to Idea 

New Item - Add to Report 

Covered in Report 

New Item - Add to Report 

New Item - Add to Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

Outside Scope of Study 

Covered in Report 

New Item - Add to Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

Covered in Report 

Covered in Report 



Suggested Idea 

Institutional Inducements on Quick 
Couplings 

Channel Realignment to reflect River 
Conditions 

GPS System Tracking and Scheduling 

Mooring Cells at Lock 

Extended Guidewalls 

Tow Haulage Systems 

Staging Areas 

Publish Lockage Times by User 

Ice Chutes 

Excess Lockage Time Charges 

Minimize Lock Maintenance Down-time 

Dual Channels at Restrictive Bridges 

Guide Cells 

Speed Filling/Empty ing Time 

Recreational Craft Management 

Recreational Craft Landing Above and 
BeIow the Lock 

Industry Mandated Training of Deckhands 

Passing Zones 

Widen Approach Channels for Passing 

Use Upper Gate as a Filling Valve 

Wicket Gates in Dam 

Navigable Passes 

Helper Boats 

Automated Lockage System from Queue 
Point (Auto Car Wash) 

Eliminate Outdraft 

Response to Idea 

Covered in Report 

Outside Scope of Study 

New Item - Add to Report 

Covered in Report 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

New Item - Add to Report 

New Item - Add to Report 

Covered in Report 

Outside Scope of Study 

Covered in Report 

Covered in Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

Outside Scope of Study 

Covered in Report 

Covered in Report 

New Item - Add to Report 

New Item - Add to Report 

Covered in Report 

New Item - Add to Report 

Covered in Report - 



Suggested Idea 

Create Indraft 

Clean Ice from Barges 

Standardization of Tow Configuration to 
Maximize Tonnage through Lock 

Licensing of Recreational Craft Operators 

Wall Extensions 

Real-time Pilot Communication & Data 
Sharing 

Response to Idea 

New Item - Add to Report 

New Item - Add to Report 

Covered in Report 

New Item - Add to Report 

Covered in Report 

New Item - Add to Report 



Appendix V 



ASSESSMENT TEAM MEETING 

EVALUATION SESSION 

4 October 1994 



SCHEDULING OF LOCK OPERATIONS 

ITEM: N-UP/N-DOWN 

ADVANTAGES: 

Present Policy is working 
Reduces approach time 
Reduces waiting time 
Reduces overall time 
Gate Wickets more effective (empty chamber) 
Good for congested areas 

DISADVANTAGES : 

Interrupts 1st-come/lst-served 
More benefits with extended guidewall and powered kevel 
Recreational Craft 
Short-term time impact to a particular tow 

ITEM: READY TO SERVE POLICY 

ADVANTAGES: 

Present Policy is working 
No capital investment 
No environmental impacts 
Reduces ~ongestion/Delay 
Lock efficiency 

DISADVANTAGES: 

Can reduce maneuverability 
Need an area for reconfiguration of the tow 

ITEM: SELF HELP POLICY 

ADVANTAGES: 
Industry Run 
Reduces Delay 
No government investment 
No environmental Impact 

DISADVANTAGES : 

Requires Industry coordinator 
Requires cooperation 



ITEM: LOCK SCHEDULING PROCEDURES 

ADVANTAGES: 

Traffic Management practices currently being used by industry 
Based on Economics 
Reduces congestion 
Helps decision making 
Efficiency 
Little cost 

DISADVANTAGES: 

More Government Regulations 
Loss of autonomy by lockmaster (if he has it) 
Does not consider whole river - too narrow in scope? 
Recreational craft impact 
May need for timely and accurate data 

ASSISTANCE TO MULTI-CUT LOCKAGES 

ITEM: HELPER BOATS 

ADVANTAGES: 

Safety 
Risk Management Decision 
Current Policy appears to be working 
Environment 
Outdraft remedy 
More efficient approach 
More efficient removal 

DISADVANTAGES : 

Costs 
More Government Regulations 
Cost 
False security 
Low power 
User's discretion 
Industry provided - cost to industry 
Dedicated to lock 
Liability 

ITEM: SWITCH BOATS 

ADVANTAGES: 



Safety 
Risk Management Decision 
Current Policy appears to be working 
Power 
Extraction Renote Makeup 
Efficiency 
Clears approach channel 

DISADVANTAGES: 

Greater cost for boat and remote mooring 
More Government Regulations 
User's discretion? 
Management 
Cost to industry 
Liability 
Need area off channel to reconfigure 

ITEM: ENDLESS CABLE SYSTEM 

ADVANTAGES: 

Eliminates cable pulling time 
Improved Safety 
Quicker removal of first cut 
Cost effective removal (no helper boat required) 

DISADVANTAGES: 

More congestion along lock walls 
Reliability/Safety (cable breaks) 
Interface 
Attachment point needed 
Water level variation 
Ice conditions 
Cost of system 
Maintenance of system 

ITEM: UNPOWERED TRAVELING KEVELS 

ADVANTAGES: 

In place at some sites - works well 
Safety 
Allows use of existing capacity 
Control unpowered cut 
Efficiency 

DISADVANTAGES : 

iii 



No checking capacity 
Not scrong enough to use against outdraft 
Manual effort 
Upbound requires tow haulage/winch system 
Some Cost 
May require structural modifications 
Extension of walls 

ITEM: POWEREC TRAVELING KEVEL 

ADVANTAGES: 

Reduced time for unpowered cut extractions 
No environmental problems 
Safety 
No need for helper boat on tow haulage 

DISADVANTAGES : 

Unknown reliability 
Cost impacts 
Interference 
Wall Stability 
Structural modifications 

ITEM: HYDRAULIC ASSISTANCE 
* (downbound only) 

ADVANTAGES: 

Flushing 
Cost 
Efficiency 

DISADVANTAGES : 

Additional wear on Tow Haulage Equipment 
Not Corps policy to use, but it is done 
Loss of control 
Safety 
Need head differential 
Valve contrcl 
Structural modifications 
Cost 
Experience operators/deckhands required 

IMPROVEMENTS TO APPROACH CHANNELS 



ITEM: IMPROVE APPROACH CHANNELS 

ADVANTAGES: 

Reduces approach tirne/distance 
Improves Safety 
Reduces risk of accidents, environmental spills, damage to 

structures 
Maintenance cost Savings 
Reduce Outdraft 
Improved Control 
Efficiency 

DISADVANTAGES 

Cost 
Environmental Impacts 
Site Specific 
Dredging 
Disposal 
Maintenance 

ITEM: ADJACENT MOORING FACILITIES 

ADVANTAGES: 

Improved Efficiency 
Safety 
Environmental Benefits (iess bank erosion) 
Fuel savings 
Hold closer to lock 

DISADVANTAGES 

Cost 
Environmental Impacts 
Site Specific 
Maintenance 
May interfere with departure 
Channel interference 
Cells views. Buoys 

ITEM: FUNNEL-SHAPED GUIDEWALLS 

ADVANTAGES: 

Safety 

DISADVANTAGES: 



Debris & ice trapped 
High Cost 
Minor benefits over extended yuidewalls 
Not effective in open river conditions 
Space required 
False sense of security 
Interference with outbound tows 

ITEM: WIND DEFLECTORS 

ADVANTAGES: 

Common in Dutch Locks 

DISADVANTAGE: 

Not Practical 
Limited directional application 
Visibility 

ITEM: EXTEND GUIDEWALLS 

ADVANTAGES : 

Good measure 
Improve Safety 
Reduce lockage time 
Environmental hazard prevention 
Better control 
Enhances traffic views, N-up/N-down, self help, etc. 
Double lockages makeup occurs outside chamber 
Safer approach 
Improve queuing time for same-direction traffic 
Improved efficiency 
More room to land on wall 
Prevent damage to gates 

DISADVANTAGES : 

Cost 
Environmental Impacts 
May not be feasible at all locations 

ITEM: ADD G U I D E  C E L L S  

ADVANTAGES: 



Proven 
Facilitates movement of recreational craft (must do with extended 

guidewall) 
Lock recreational vessel through during turnback of double lockage 
Efficiency 
Less damage to structure 
Safety 

DISADVANTAGES: 

Cost 
Obstacle 
Environmental impacts during construction 
Reduced face-up length of guidewall 

ITEM: RECONFIGURE BULLNOSE 

ADVANTAGES: 

Directs glancing blows into chamber 

DISADVANTAGES: 

Little Benefit 
Cost 

ITEM: RADAR REFLECTORS 

ADVANTAGES: 

Boats have radar 
Deflectors would enhance radar 
Can't replace deckhand 
Minor cost 

DISADVANTAGES : 

Minor effects 

ITEM: ELECTRONIC GUIDANCE SYSTEM 

ADVANTAGES: 

Info to pilot to help approach 

DISADVANTAGES : 

vii 



Corps Policy? 
Unproven Technology 
Cost 
Liability 

AREA-WIDE CHANNEL IMPROVEMENTS 

ITEM: REMOVE~ADJUST BENDS, ONE-WAY REACHES, BRIDGES 
* (Urban areas are largest problem) 

ADVANTAGES: 

Limited sites 
Safety 
Efficiency 
Environmental 
Reduce accidents 

DISADVANTAGES 

Major cost impact 
Site Specific (limited) 
Environmental Impacts 
Doesn't change lock capacity 
Dredging 
Disposal 

ITEM: IMPROVE NAVIGATION AIDS AND CHANNEL MARKINGS 

ADVANTAGES: 

Current System Adequate 
Need more reflectors on bridges (for spotlights) 
Safety 
GPS is big help 

DISADVANTAGES: 

Maintenance of system difficult/ongoing 
Timeliness in correcting position of aids 

ITEM: INNOVATIVE DREDGING STRATEGIES 
* (hinge point causes water to be too shallow at upstream 
approach) 
* (combine with innovative dredging?) 



ADVANTAGES: 

This is ongoing 
LTRMS 
Use in approaches 
Reduces Interference 
River disposal 
Move minimal amount of material 
Less environmental impact 
Reduce dredging 
Reduce interference with navigation 

DISADVANTAGES: 

ITEM: WATER FLOW MANAGEMENT POLICIES 

ADVANTAGES: 

Improvements to approaches 
Reduce outdraft 
Reduce maintenance 

DISADVANTAGES: 

Cost 
Environmental Impacts 

ITEM: INCREASE CHANNEL WIDTH 

ADVANTAGES: 

Adequate if maintained 
Safety 
Some efficiency 

DISADVANTAGES: 

Environmental Problems 
Authority Uncert-ain 
Cost 
Dredging Disposal 

ITEM: ISOLATE RECREATIONAL FACILITIES & MARINA AWAY FROM CHANNEL 

ADVANTAGES: 



Safety 

DISADVANTAGES: 

Cost 
Dredging 

NOTES : 

Boater behavior is more of a problem than location 
Industry involved in ongoing process 

ITEM: IMPROVE BRIDGE OPERATIONS & MAINTENANCE 

ADVANTAGES: 

Ongoing 
Fix shear fences 
Efficiency 
Reduce Fuel Consumption 
Reduce waiting time 

DISADVANTAGES : 

NOTE : 
Coast Guard Issue 

TOW CONFIGURATION AND OPERATIONS 

ITEM: MANDATE USE OF BOW THRUSTERS 

ADVANTAGES: 

Can use in place of tow haulage 
Efficiency 
Safety 

DISADVANTAGES 

No need 
Not practical to implement 
One less barge 
Helper boats are better 
Mandating i~npact small 



Proficient operators needed 

ITEM: MANDATE USE OF PROTOTYPE BOW THRUSTERS 

ADVANTAGES: 

DISADVANTAGES : 

ITEM: PROMOTE TOW SIZE STANDARDIZATION 

ADVANTAGES: 

Fills chamber 
Increases lock utilization 

DISADVANTAGES : 

Reduces maneuverability 
Intermediate customers 
Requires Industry cooperation 

NOTES : 

Economics will drive this 
Industry working w/Coast Guard 



ITEM: COOPERATIVE EQUIPMENT SHARINGISCHEDULING 

ADVANTAGES: 

Sharing of barges is already on-going, similar to railroads 
More efficient use of chamber 
Cost reduction 
Fewer lockages 

DISADVANTAGES: 

Requires Cooperation 

ITEM: INSTITUTE WATERWAY TRAFFIC MANAGEMENT 

ADVANTAGES: 

Coordination 
(See Scheduling) 

DISADVANTAGES: 

ITEM: INCREASE NUMBER AND SIZE OF FLEETING AREAS 

ADVANTAGES: 

Needs based on economic conditions 
Approaches with mooring areas needed 
Better tow configuration for locking 

DISADVANTAGES : 

Environmental Impacts 
Cost 
Savings depends on tow configuration 

ITEM: FUEL MONITORING AND MANAGEMENT 

ADVANTAGES: 

Ongoing 



DISADVANTAGES: 

Can slow traffic and irnpact cthers 

ITEM: USE OF HEAVY FUELS 

ADVANTAGES: 

Ongoing 

DISADVANTAGES: 

ITEM: NEW BARGE AND BOAT BOTTOM TREATMENTS 

ADVANTAGES: 

Ongoing 
Combat Zebra Mussels 
Reduce ice adhesion 

DISADVANTAGES : 

Cost 
Maintenance 

ITEM: IMPROVED BARGE AND BOAT HULL DESIGNS 

ADVANTAGES: 

Ongoing 
Safety 

DISADVANTAGES : 

ITEM: IMPROVED BOAT AND BARGE RIGGING 

ADVANTAGES: 

Ongoing 
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DISADVANTAGES : 

ITEM: BARGE STACKING FOR BACKHAULS 

ADVANTAGES : 

Increase lock l~tilization 
Fuel savings 
Fewer tows 

DISADVANTAGES : 

Cost 
Equipment needed to stack and unstack 
Viability 
Cleaning bottoms 
Structural design of barges 

ITEM: CONTAINER MOVEMENT 

ADVANTAGES: 

Ongoing 
Market Development 
Allow more goods to ship on waters 

DISADVANTAGES : 

Need for this type of traffic and commodity 
Need facilities to accommodate handling of containers 

ITEM: NEW BACKHAUL OPPORTUNITIES 

ADVANTAGES: 

Ongoing 
More utilization 

DI SADVANTAGES : 

Need markets 



ITEM: UNIVERSAL COUPLERS/HAND WINCHES 

ADVANTAGES: 

Implemented by Industry? 
Reduces lockage time 
Less labor 
Safer system 

DISADVANTAGES : 

Large variety of barge design types 
Not practical 
Standards must be mandated 
Cost 

ITEM: INCREASE SPEED LIMITS IN RESTRICTED REACHES 

ADVANTAGES: 

Efficiency 

DISADVANTAGES : 

Environmental concerns 
Safety 
Not a major problem 

ITEM: REDUCE LIABILITY OF TOW OPERATORS FOR DAMAGE 

ADVANTAGES : 

DISADVANTAGES : 

Safety 

NOTES : 

Talk to your Congressman 

ITEM: REQUIRE MINIMUM CREW SIZE AND TRAINING 

ADVANTAGES: 

xv 



Ongoing 
Nav Notice #1 
Large time impacts 
Low Cost 
Safety 
Reduce damage to structure 
Efficiency 

DISADVANTAGES: 

LOCK OPERATING PROCEDURES 

ITEM: MODIFY INTAKE STRUCTURES 

ADVANTAGES: 

Increase lock efficiency 
Speed filling 
Reduce filling time 

DISADVANTAGES: 

Costs 
O & M  
Not Practical 
Time to implement 
Shut down to modify structure 
Model study 

ITEM: MODIFY DISCHARGE STRUCTURES 

ADVANTAGES: 

Dump faster 
Safety 
Increase lock. efficiency 

DISADVANTAGES: 

Costs 
0 & M 
Not Practical 
Time to implement 
Shut down to modify structure 
Model study 
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ITEM: MODIFY WALL PORTS 

ADVANTAGES: 

Safety 
Reduce hawser stress 

DISADVANTAGES : 

Costs 
O & M  
Not Practical 
Impacts during construction 
Model 
Safety to recreationai boaters 

ITEM: INSTALL SELF-CLEANING TRASH RACKS 

ADVANTAGES: 

Fixes large problem (esp. on Illinois Waterway) 
Improve filling conditions and time 

DISADVANTAGES: 

Site Specific 
Cost 

ITEM: CENTRALIZE CONTROLS 

ADVANTAGES: 

May reduce staff - cost savings 

DISADVANTAGES: 

Safety 
Cost savings eliminated if staff not reduced 
Maintenance 

ITEM: AUTOMATE CONTROLS 

ADVANTAGES : 

DISADVANTAGES : 
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Down time 
Difficult to program all situations 

ITEM: INSTALL FLOATING MOORING BITS 

ADVANTAGES: 

Site Specific 
Exist everywhere they are practical 
Better control 

DISADVANTAGES : 

Structural limitations 
Costly 
Minor need 
More important with high lift locks 
Liability 

ITEM: UPGRADE VALVE OPERATING EQUIPMENT 

ADVANTAGES : 

Ongoing 
Less down time 
Improve liability 
Better control 
More efficient 

DISADVANTAGES: 

Minor time savings 
Cost 

ITEM: UPGRADE GATE OPERATING EQUIPMENT 

ADVANTAGES: 

Better equipment 
Less down time 
Improve liability 
Better control 
More efficient 

DISADVANTAGES : 

Minor time savings 



ITEM: INSTALL GATE WICKETS IN MITER GATES 

ADVANTAGES: 

Can use during turnback 
More effective filling/emptying 

DISADVANTAGES: 

Surging problems 
Site specific 
Would require other mods to retrofit 
Cost 
Turbulence 

ITEM: PROVIDE EXPLICIT OPERATING GUIDES 

ADVANTAGES : 

Nav. Notice # 1 
0 & M Manual 

DISADVANTAGES: 

ITEM: FENDERS, ENERGY ABSORBERS 

ADVANTAGES: 

Ongoing 
Reduce damage 
Reduce down time 
Replacement costs 

DISADVANTAGES : 

Safety 
Initial cost 

ITEM: REQUIRE VESSELS TO STAY CLEAR OF EMPTYING/FILLING SYSTEM 

ADVANTAGES: 



Safety 

DISADVANTAGES: 

Minor impact 
Site specific 

ICE CONDITIONS 

ITEM: MECHANICAL ICE CUTTING DEVICE 

ADVANTAGES: 

Improve efficiency 
Eliminate need to reduce to 2-wide 

DISADVANTAGES 

In testing phase 
Limited application 
Cost 

ITEM: SKIN PLATES 

ADVANTAGES: 

Reduce ice load on gates 

DISADVANTAGES : 

Limited value 
Other methods available 
Cost 
Maintenance 

ITEM: A I R  BUBBLER SYSTEM 

ADVANTAGES: 

Ongoing 
Reduce stress on gate if ice can be removed from behind 
Improve ability to get tow out of upper river in the fall 



DISADVANTAGES: 

Cost 
Maintenance 

ITEM: HEAT PLATE,S 

ADVANTAGES: 

Reduce stress on gate if ice can be removed from behind 
Improve ability to get tow out of upper river in the fall 

DISADVANTAGES : 

Testing Phase 
O & M  
Cost 
Maintenance 

ITEM: HEATED WATER JET 

ADVANTAGES: 

Reduce stress on gate if ice can be removed from behind 
Improve ability to get tow out of upper river in the fall 

DISADVANTAGES : 

Cost 
Maintenance 

RECREATIONAL VESSELS 

ITEM: RECREATIONAL VESSEL BYPASS LIFTS 

ADVANTAGES: 

Safety 
reduced delays to tows and recreational vessels 

DISADVANTAGES: 

X X l  



Peaking makes this prohibitive 
Requires additional staff 
Cost 
Maintenance 

ITEM: SCHEDULING OF RECREATIONAL VESSEL USAGE 

ADVANTAGES : 

Ongoing at certain sites 
Lock utilization 
Minimum cost 
Reduces delays to recreational craft 
Safety 

DISADVANTAGES: 

Negative response from users 

COST ALLOCATION 

ITEM: APPLY CONGESTION TOLLS - 

ADVANTAGES: 

DISADVANTAGES: 

ITEM: LOW HEAD HYDROELECTRIC UNITS 

ADVANTAGES : 

DISADVANTAGES: 

Fluctuation downstream 

NOTES : 

Not applicable for this forum? 



ITEM: ALLOCATION OF OPERATIONS AND MAINTENANCE COSTS 

(same as congestion fee) 

ADVANTAGES: 

DISADVANTAGES: 

NOTES: 

Objective 1 & 2 

ITEM: PRIVATIZATION OF LOCK OPERATIONS 

ADVANTAGES: 

Reduce cost 

DISADVANTAGES : 

Safety 
Maintenance 

OTHER 

ITEM: INCREASE LOCK STAFFING 

ADVANTAGES: 

More assistance to tows 
Reduces maintenance backload 

DISADVANTAGES : 

No Brainer 
Increased labor costs to Corps 

ITEM: AUTOMATE DAM CONTROLS 

ADVANTAGES : 



DISADVANTAGES : 

Safety (need to look for debris) 
Requires TV camera 

ITEM: RADAR AT LOCK 

ADVANTAGES : 

DISADVANTAGES: 

GPS is better 

ITEM: REAL-TIME CHANNEL DEPTH & WEATHER MONITORING 

ADVANTAGES: 

Ongoing 
Better decisions 
Less chance for accidents 

DISADVANTAGES: 

Cost 
Liability for data 

ITEM: IMPROVED LIGHTING 

ADVANTAGES: 

Safety 

DISADVANTAGES: 

ADDED ITEMS 

ITEM: PUBLISH LOCKAGE TIMES BY USER 

ADVANTAGES: 

Industry Accepted 



Peer pressure 
Safety (training) 
Improved lockage time 

DISADVANTAGES : 

Safety (rushing) 

ITEM: GPS DATA TRACKING SYSTEM 

ADVANTAGES: 

Provides information 
Position tracking 
No false reports 
Improved safety 

DISADVANTAGES : 

Cost to Industry 
Problem with Recreational Vessel Implementation 
Government rnanaged 

ITEM: EXCESS LOCKAGE TIME CHARGES 

ADVANTAGES: 

DISADVANTAGES : 

Safety would be sacrificed to meet time 
Hardship on small operator 
Bias on some tows 
Does not impact root of the problem 
Difficult criteria 

ITEM: POSITIVE WATERFLOW MANAGEMENT RELATIVE TO NAVIGATION 

ADVANTAGES: 

More reliable channel 
Reduces Congestion 
Reduces Channel Maintenance 
Hydropower Impacts 

DISADVANTAGES : 



Recreation impacts 
Impacts outside study area 

ITEM: DUAL CHANNEL AT RESTRICTIVE BRIDGES 

ADVANTAGES: 

Reduced congestion 
Safety 
Speed 
Easier passing 

DISADVANTAGES 

Channel Maintenance Costs 
Construction costs & interference 
Disposal 
Environmental impacts 
Needs model. study 

ITEM: CLEAR ICE FROM BARGES 

ADVANTAGES: 

Better chamber use 
No sill damage 
Fuel efficiency 

DISADVANTAGES: 

Not Practical 
Time to remove 
Cost 

ITEM: CREATE INDRAFT (via Bendway Weirs?) 

ADVANTAGES: 

Safety 
Speed (line up quicker) 

DISADVANTAGES : 

Not tested/modeled 
Impacts on Recreational Craft 



Cost 
Dredging 
Training structures 
Maintenance 
Ice control 

ITEM: LICENSE RECREATIONAL CRAFT OPERATORS 

ADVANTAGES: 

Efficiency 
Safety 

DISADVANTAGES: 

Not an issue in this forum 
Cost to state 
Public reaction 
Politics 

ITEM: SHUT DOWN DAM ON APPROACH 

ADVANTAGES: 

DISADVANTAGES: 

Not Practical 

ADVANTAGES : 

Minimize Outdraft 
Safety 
Efficiency 

DISADVANTAGES : 

Water fluctuations downstream and upstream 
Time to respond 
Number of personnel 
Silt & scour control 
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ITEM: OPERATIONAL PHILOSOPH'f / INDUSTRY ATTITUDE 

ADVANTAGES: 

A qreat idea 
improve procedures 
Make more efficient (i.e lighting, operating procedures) 

DISADVANTAGES : 

Added time to participants 
Difficult for operators to participate 

ITEM: DEEPEN RIVER UPSTREAM OF DAM GATES 

ADVANTAGES : 

DISADVANTAGES : 

Structural Integrity of Dam Foundation 
Environmental impact 
Disposal 
Maintenance 

ITEM: CHARGE VESSELS BASED OM TIME (TOLL) 

ADVANTAGES: 

Speed up lockages 

DISADVANTAGES : 

Safety (rushing) 
Administration difficult 

ITEM: WICKET GATES (for ice) (for open pass at 17 & 20) 

ADVANTAGES: 

Pass Ice 
Hydraulic operations 

DISADVANTAGES: 



Open pass is site specific 
Difficult to operate 
Costly 
Unsafe 

ITEM : PILOT COMMUNICATION (BULLETIN BOARD) 

ADVANTAGES : 

Safety 
Efficiency 
Faster dissemination of information 
Identify channel problems 

DISADVANTAGES : 

Needs to be managed 
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Minnesota Department of Transportation 

Office of Railroads and Waterways 
Mail Stop 470, 925 Kelly Annex Phone: 61 21 296-0355 
395 John Ireland Blvd. Fax: 61 21 297-1887 
St. Paul, MNS5155 

December 9, 1994 

Mr Paul Kosteman 
Corps of Engineers 
St. Paul District 
190 Fifth Street East 
St. Paul, Minnesota 55101-1638 

Dear Paul 

Thank you for asking for our comments on the " Small Scale Improvements Study Upper 
Mississippi Navigation Study etc." Paul Keranen nor I will be able to attend the December 
14th meeting in St Louis, but would like to make a few comments below. 

The options for analysis for improving the efficiency of the locking system seem to be 
almost endless. In reviewing the " General Assessment" document I was struck by the long 
time it took to approach and enter the lock as well as departing the facility. I also noticed 
that only 2 locks were actually studied and that others may vary in their approach and 
departure times. Caution and safety are paramount but I feel that we should be looking for 
solutions to reduce the approaching and departing times of tows. This time is also lost to 
other vessels waiting their turn to lock. 

Each lock in the system has its own peculiarities and deficiencies and must be studied in 
conjunction with this Study. Lock 3, for example, on the Upper Mississippi has always been 
a big problem for downbound tows. 

I also agree with the Wisconsin Department of Transportation that in our upper reaches of 
the Mississippi, the recreational boater is a big issue during the summer months of our 
navigation season and should be included in this Study. The use of guidecells to allow 
recreational boaters access to locks during a double locking operation may be a help to 
relieve recreation congestion. 

In the late fall and early Spring, ice is a big factor on the Upper Mississippi and a better 
system of washing the ice jams away from the upper miter gates would do a lot to improve 
efficiency in these critical times of the year. 

Finally the glossary could be expanded with a listing of acronyms of Corps terms. 

Sincerely, 

Richard F. Lambert 
Director 
Ports & Waterways 

An equal opportunity employer 



DbiR WRTERS 
Dec 

DEPAR'I'MENT-OF NATUKAI. RES0UWCF;S STATE OF MINNESOTA 

DIVISION OF WATERS 

Date: Dcccmber 13.19% 

Office Memorandum 

To: 

From: 

Paul Kostcman, COE-St. Paul 
/ 

Steve Johnson, River Mandgcrncnt Supervisor 
(6 12) 296-4802 
Fax: (6 12) 296-0445 

Subject: Draft Gcncrd Assessninlcnt of Small Scale lmprovemcnts 
UMRS-TWW Navigation Feasibility Study 

VIA FAX - 3 PAGES 

Thank you for providing me with a copy of the above-rderenccxl document. 1 have sevcral comments 
that I hope can be useful to you in revising the drift. I'm sorry we were providcd only a few days for 
review, so I was not able to route it for normal review by DNR staff. In the future, we would 
apprwiatc more Ulan a week's turnaround' time on a document as largo as this. 

In general, we found the documcnt very good. Understanding thc short timeframe in which it was 
prepared, it is a complctc and thorough document. Detailed comments follow. 

Page VI-l : Definition 8.6 says cost is a plus if the measure is expensive, and a negative if the 
measure is inexpensive. Shouldn't that be the othcr way around? 'In reading the document, 
alternatives appcucd to get a plus if they were inexpensive. 

Page VI-14: We support further evJuation of mandatory helper boats. In our region, this would 
be particularly helpful at the upper approach to LocWD-am 3. 

Page VI-25: While we support further study of adjaccnt mooring facilities, *e would caution that 
cxperhmts with this at LocWDam 9 have not been completely successful. We're not sun: why there 
has bcen a prublcm there, but #is would + an appropriate question to address in further study. 

, . 

Page VI-29: We support further study of guidewall exlensions. While there is potential for 
significant environmental impacts in sptcific cases, there is sufficient potential bcnefit to warrant a 
more detailed evriluation. 

Page VI-30: We support further study of guide cells; it has the potcntial to ~ d u c e  delays for 
rwrcational lockages. 

t 



DNR WFlTERS 
. _  - - - 

Paul Kostcmn - 
Dec. 13,1994 
Page 2 

Page VI-37: Wc would support further study of knprovd navigation aids and channel miirkings. 
While we rccognh that work of this type would not reduce lockage time, it certainly scerns valuable 
to move tows through the system as cff~cimtly as possible. This would reduce fuel consumption, 
possibly enabling the industry to be able to accept i n c d  costs associated with othcr options. This 
could also be true with knprovcd hridgc operations (p. V1-42), dual c h m d  at restrictive bridges 
(page VI-43), new barge and boat bottom treatments @. V1-54), improved barge and boot hull 
designs (p. V1-55), containcr movements (p. V1-57) and new backhaul opportunities @. VI-58). 

w e  VI-45: We would support kxthtzr study of mandatory bow ihtuslcrs. It would appear the only 
barrier described here is the cost to indus'ky. As noted above. there may bc othcr ways to reduce 
industry costs to compensate for increased costs at thc locks. It is also appropriate to consider that 
the industry may indeed have to pay more in fit: future to be able to operate on the system. While 
there m y  be additional environmental dcrnage from prop wash, such potential damage might be 
offkt by having a bow thruster available b reduce environmental damage when groundings occur. 

Page VX-46; We would also support furthex study of mandatury prototype bow thrusters, for the 
same reasons discussed above. 

Page V1-49: We are suiprised triiffic management is not being proposed for further study. When 
dealing with congested highway systems, the first thing departments of transportation look at is 
tmtk managcant. It a p p s  to us that the time has come when unrestricted traffic movements on 
the Mississippi k are going to bt a thing of the put. We strongly recommend traffic management 
alternatives be included for further study. 

t 

h g c  VI-61: We were op i t ing  with a di&rent definition of Lhe issue of tow operator liability. To 
us. a concern has k n  that the tow operator is liable for environmental damage in the case of a 
grounding, for example, while the decision to operate with buges that are drafted overdepth-the 
possiblt cause of the grounding-rats with a corporate decision-maker. Tf the cornpany were liable 
for damage rather than the tow operator, the Coast Guard might bc more willing to write tickets for 
environmental damage from groundings. While this alternative might not reduce lockage time, it 
could reduce environtncntd damage. 

Page VI-62: We strongly support furthcr study of rquiring minimum crew size and training. 

Page VI-80: Wc strongly support the decision to not recommend further study of operating the dam 
gatcs b a d  on lockapc, This would have profound negative impacts on aquatic life. 

Page VI-97: We support further study of congestion toils, which would spread out lockagcs over 
time. As not4 in our conment on ~raffic mangement (p. V1-49). it is time to begin maluting 
management of the commercial users of the system. 



DNR WFlTERS 
- 1' - - 

TEL: 612-296-0445 Dec 13,94 15:50 No.016 P.03 - 
Paul Kosterman - 
h. 13,1994 
Page 3 

Page VI-101 VI-102: We support funher study of excess lockngc timc charges, but are surprised 
you do not also considcr furtha study of charging vcssels based on time. They an quite similar, and 
both should receive further study. 

Thank you for providing for our continued involvement in this phase of thc Navigation Feasibility 
Study. While our travel is limited and we arc unable to attend most meetings in St. Louis, we do 
remain interested in the process and hope to provide input whcncver possible. 

cc: Scot Johnson 
Jiri.1 Coopcr 
John Linc Stinc 
Dick Lambert, MnDOT 



ALTER A R E  LINE, INC. 
OPERATIONS & ENGINEERING DEPARTMENT 

1200 EAST BROADWAY TEL. 6 1 8/465- 1 755 
ALTON. ILLINOIS 62002 

J a n u a r y  5.  1995 

P a u l  Kosterman 
Corps  of  E n g i n e e r s  
S t .  P a u l  D i s t r i c t  
190 F i f t h  S t r e e t  E a s t  
S t .  P a u l ,  MN 55101-1638 

Dear  P a u l :  

I am w r i t i n g  i n  r e f e r e n c e  t o  t h e  Upper M i s s i s s i p p i  R i v e r  
n a v i g a t i o n a l  s t u d y  f o r  improvements .  

I n  g e n e r a l  we a t  A l t e r  Barge  L i n e .  I n c .  b e l i e v e  any  
improvements  t o  o u r  s y s t e m  would be  b e n e f i c i a l  t o  t h e  i n d u s t r y ,  
o u r  c u s t o m e r s ,  and t h e  g e n e r a l  p u b l i c .  

The f o l l o w i n g  comments a r e  a r e s u l t  o f  t h e  s m a l l  s c a l e  
improvement m e e t i n g  h e l d  i n  S t .  L o u i s ,  M i s s o u r i .  

1. The r e a d y  t o  s e r v e  p o l i c y  i s  i n  o u r  o p i n i o n .  n o t  a  
b e n e f i c i a l  p o l i c y  t o  t h e  i n d u s t r y .  The min imal  t i m e  s a v e d  by 
f o r c i n g  b o a t s  t o  make s e t  o v e r s  o r  o t h e r  moves b e f o r e  t h e y  g e t  t o  
t h e  l o c k s  w i l l  be g r e a t l y  o f f s e t  by t h e  a d d i t i o n a l  t i m e  consumed 
by s t o p p i n g  b e f o r e  a r r i v i n g  and a f t e r  d e p a r t i h g  t h e  l o c k .  

2 .  The s e l f  h e l p  p o l i c y  c u r r e n t l y  b e i n g  u s e d  by t h e  
i n d u s t r y  s h o u l d  be c o n s i d e r e d  as a v i a b l e  method o f  p u l l i n g  c u t s  
d u r i n g  heavy  c o n g e s t i o n  p e r i o d s .  O b v i o u s l y ,  t h i s  method i s  n o t  
h e l p f u l  when t h e r e  i s  n o t  a  s t a c k  up of  b o a t s  w a i t i n g  f o r  t h e  
l o c k .  

3 .  H e l p e r  b o a t s  a r e  a l s o  a  good i d e a ,  b u t  t h e y  a r e  n o t  
a lways  a v a i l a b l e  and  t h e y  s h o u l d  n o t  b e  made mandatory .  

4 .  Using  s w i t c h b o a t s  t o  move c u t s  away from t h e  l o c k  t o  be  
made up a t  a n o t h e r  l o c a t i o n  would be a c o s t l y  and i n e f f i c i e n t  
p o l i c y .  A t  t i m e s .  it c o u l d  a l s o  be d a n g e r o u s  f o r  a  t u g  t o  move a  
c u t  away from a  l o c k  w a l l .  

5. The r e q u i r e m e n t  o f  a  minimum crew s i z e  would n o t  be  
h e l p f u l  a s  t h e  i n d u s t r y  now u t i l i z e s  a  t h r e e  man c rew when 
l o c k i n g .  

EXECUTIVE OFFICES - 2333 ROCKINGHAM ROAD B O X  33 1 0  DAVENPORT, IOWA 52808 TEL 13 19)  383-051 2 



6 .  The mandatory  bow t h r u s t e r  c o n c e p t  i s  a n o t h e r  a r e a  f o r  
s a f e t y  c o n c e r n .  i . e . -  Who would o p e r a t e  t h e  t h r u s t e r ?  

- Do t h e y  have s u f f i c i e n t ,  p r o p e r  e x p e r i e n c e ?  
- L i c e n s i n g  r e q u i r e m e n t s ?  
- Is t h e  t h r u s t e r  p o w e r f u l  enough i n  any  

s i t u a t i o n ,  i . e .  a r u n n i n g  r i v e r ,  i c e ?  

7 .  The i d e a  o f  a d j a c e n t  mooring f a c i l i t i e s  would be  a good 
i d e a  i f  p l a c e d  p r o p e r l y .  Some t i m e  c o u l d  be  s a v e d  a t  t h e  l o c k s  
w i t h o u t  s a f e t y ,  o r  e f f i c i e n c y  s a c r i f i c e s .  

8. The g u i d e w a l l  e x t e n s i o n  p r o p o s a l  would p rove  t o  be  
h e l p f u l  a t  c e r t a i n  l o c k s .  T h i s  s h o u l d  b e  c o n s i d e r e d  a t  any  r a t e .  

Thank you f o r  a l l o w i n g  u s  t o  p a r t i c i p a t e  a s  a  g roup  s t r i v i n g  
t o  improve o u r  wate rways .  The f u t u r e  demands p l a c e d  on o u r  
i n d u s t r y  and i n f r a s t r u c t u r e  depend h e a v i l y  on o u r  w i l l i n g n e s s  t o  
improve .  

S i n c e r e l y ,  

ygr;, 
C a p t a i n  Wayne W i l l i a m s  
~ l t e r  ~ a r &  L i n e ,  Inc. 



Iowa Department of Transp~r'"tation 
800 Lincoln Way, Ames, IA 50010 515-239-1685 v - FAX: 515-239-1639 

January 13, 1995 

Paul Kosterman 
Corps of Engineers 
St. Paul District 
190 Fifth Street East 
St. Paul, MN 55101-1638 

Dear Mr. Kosterman: 

Thank you for the opportunity to participate in the December 14, 
1994, review of small scale improvement alternatives. The 
Sverdrup General Assessment of Small Scale Improvements, December 
2, 1994, provided a wealth of information concerning the relative 
merits of small scale improvements. 

As I expressed at the December meeting, I be1 ieve it is of the 
greatest importance to further explain the rat ionale for 
eliminating alternatives. A more detailed quantitative analysis 
of the cost and expected capacity increase for each alternative 
would help. Given the controversy associated with lock capacity 
improvements, the existing document does not total ly convince the 
reader that an alternative is either a winner or loser. A more 
comprehensive approach would include the cost for each one percent 
increase in lock capacity for each alternative. I appreciate the 
complexity of doing an expanded analysis because of the uniqueness 
of lock sites, but believe it would be worth the additional effort 
and cost. 

It is my understanding that in addition to the nine alternatives 
identified on page VIII-2 of the Sverdrup Report, additional study 
will be given to the following alternatives: 

o Bow Thrusters 
o Barge Stacking for Backhauls 
o Publish Locking Times by User 
o Self-cleaning Trash Racks (site specific) 
o Mechanical Ice Cutting Devices (site specific) 

We look forward to continued participation in this very important 
study. 

Sincerely, 

& ?  Jim Hall 

Director's Staff 

cc: Professor Lowell Greimann 



Orgulf Transport Co. 
2202 Union Road 
St. Louis. MO 63125 
(31 4) 638-5279 

Jan. 6, 1995 

Mr. Paul Kosterman 
U.S.C.O.E., St. Paul District 
190 Fifth St. East 
St. Paul, MN 55101-1638 

Mr. Paul Kosterman: 

Having reviewed the draft copy of Small Scale Improvements 
Study, Upper Mississippi Navigation Study for the Army Corps 
of Engineers, I would like to submit the following comments. 
First. the draft is very informative and the report is the 
results of a thorough investigation into improvements that 
could result in making the Upper Mississippi River system a 
more productive waterway. This, in turn, would help to sti- 
mulate the national economy, thus impacting the populous 
outside the midwest region. This report helps to identify 
areas that could help to stimulate safe efficient transpor- 
tion while co-exsisting with recreational and environmental 
interest. 

Now it  is time to move into the next phase. For favorable 
results. there needs to be some action taken. Steps have 
been taken that have brought improvement ideas to the fore- 
front and should be acted on. I sincerely hope that this 
report is only the beginning. Ideas have now been identified 
that would work to better the use of this "Great Waterway", 
may we move forward to implementation them. 

Sincerely, n 

Captain bdddy G. Compton 
Port Captain, Orgulf Transport Company 

cc: Dave Diestelkamp 
R.I.A.C. 
I.R.C.A. 

bcc: Scott Noble 



I - I - 
United States Department of the Interior - - FISH AND WILDLIFE SERVICE 

Rock Island Field Office (ES) m 
4469 - 48th Avenue Court 

IN REPLY REFER TO Rock Island, Illinois 61201 COM: 309/793-5800 
FAX: 309/793-5804 

January 11, 1995 

District Engineer 
U.S. Army Engineer-St. Paul District 
190 Fifth Street East 
St. Paul, Minnesota 55101-1638 

Attn: Mr. Paul Kosterman 

Dear Mr. Kosterman: 

Enclosed are our comments on the final draft of the "Small Scale 
Improvementsn Report on the Upper Mississippi River Navigation 
Study. The purpose of the report is to identify small scale 
improvement measures of reducing delays associated with passing 
traffic through lock facilities on the Upper Mississippi River 
and Illinois Waterway, and to recommend measures with potential 
for further study. 

The proposed improvements beginning with 4 a "Remove/Adjust 
Bends, One-Way Reaches, Bridges and ending with 4h "Dual Channel 
at Restrictive Bridges" were all given a ranking of 4 and 
therefore not considered for further study. Two proposed 
measures, 4c and 4d, were given negative ranks'environmentally 
and this is not entirely true. In many cases the current 
policies and strategies pertaining to dredging and water flow 
management have negative effects on the natural resources. To 
say that new strategies and policies pertaining to dredging and 
water flow management will have negative environmental impacts 
may be premature. We offer the following comments on specific 
proposals from the contractors report. 

4c. Innovative Dredging Strategies- We would like to see this 
proposal evaluated further. Although there are negative impacts 
to the environment through dredging positive points could be 
found with innovative dredging techniques. If new techniques 
were found to improve the present dredging strategies, positive 
effects could be noticed both environmentally and for navigation. 

4d. Water Flow Management Policies- The water flow management 
discussed in this section focuses on the maintenance of the 
navigation channel at the cost of the natural flow of the river. 
Changing the water flow management could positively impact the 



District Engineer - 
aquatic environment of the river. Policies that provide natural 
flow in side channels, create riffles, and generally enhance the 
aquatic habitat for fisheries could be found with different water 
flow management. This management may also aid in navigation. 

5e. Traffic Management- We strongly recommend further study of 
waterway traffic management in the small scale improvements 
study. Waterway traffic management has the potential to reduce 
waiting times, decrease environmental impacts including the risk 
of accidental spills, and increase safety. The technology for 
Vehicle Traffic System already exists and is used effectively in 
coastal harbors. It has been pointed out that the Corps of 
Engineers does not have the authority or resources to use VTS on 
a systemwide basis and it may not be feasible. The alternative 
of using a personal computer program at a lock to manage traffic 
locally and in conjunction with nearby locks may serve as a 
substitute for a systemwide VTS. The advantages to the industry 
and the natural resources make this proposed measure favorable 
for further study. We would like to see it included with the 
further study of a scheduling program. 

If there are any questions, please contact Mr. Jon Duyvejonck or 
Scott Estergard of my staff. We appreciate the opportunity to 
provide comment on this report and look forward to working with 
you on future projects. 

1 ~ich/ard C. Nelson 
/k Field S,upervisor 


