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Executive Summary

These analyses support the U.S. Army Corps of Engineers’ study of navigation in the Upper Mississippi River (UMR) and Illinois Waterway (IWW) and address the need to examine the potential of “non-structural measures” to improve efficiency in those waterways.  This report describes the initial assessment and selection candidate measures, the activities of two stakeholder Focus Groups in support of the project team, the analytical approach, and the results.

The measures selected were 1) excess lockage time fees, and 2) tradable permits.  The selection parameters were narrowed by previous screening of small scale measures by the Army Corps during the 1990s and by concurrent studies by the Army Corps examining other selected measures.  

The main points of the methodology are:

· Use of available data, primarily the Army Corps’s Lock Performance Management System (LPMS), and data bases describing the locks and the vessels transiting the waterway  

· Use of baseline traffic projections in five scenarios for the years 2000 – 2050 developed by the Army Corps.  The five scenarios describe a range of future economic trends and growth rates in the carriage of commodities on the waterway.

· National economic development (NED) benefits expressed solely in terms of delay cost reductions, calculated as the product of saved transit times on the waterway and unit delay cost values derived from the Army Corps’s baseline traffic projections.  It was assumed at the outset that the incremental costs and benefits of these measures would not warrant comparison of waterway transportation rates to other modes.

· Cost calculations including all capital and repeating costs for both industry and Government.

· Costs and benefits modeled as streams of annual values, and expressed as discounted, constant value year 2001 dollars.

· Site visits and discussions with operations and economic experts in the framework of two Focus Group meetings in April, 2003.

Results, excess lockage time fees

Excess lockage time fees would encourage operators to improve their “maneuver times” in the locks by charging for time in excess of a given floor, established for these purposes as the third quartile of times at each lock.  The idea is that the slowest operators are encouraged to improve their performance at the locks to avoid fee payment.  It was assumed that they would do so by installing new line handling equipment on all barges and enhancing personnel training, as one large operator has successfully done.  

This measure would not be cost effective in the case considered where all operators take this action; nor would it likely result in net benefit if smaller proportions of operators do so while others choose to pay the fees.  The range of industry’s estimated net present value costs for the five specified scenarios would be from $137.22M to $158.26M.  The ACOE’s cost, to track maneuver time performance data and levy and collect fees, would be insignificant compared to industry’s and are estimated at $1.50M, regardless of the scenario.

The range of estimated benefits for the five scenarios specified by the ACOE would be from $5.12M to $6.42M, representing up to 100,000 hours in reduced lockage time for the look period.  The summary data appear in Table ES-1.

Table ES-1

Benefit – Cost Ratios, Excess Lockage Time Fees

[image: image8.wmf]1

2

3

4

5

2007

79

87

91

91

93

2010

155

177

189

188

195

2015

152

185

199

201

198
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198
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203

193
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194
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220
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Total

7,001

9,516

9,882

10,073

9,888

Scenario

Year


The cost does not vary greatly among the scenarios because it is borne largely in the early years, while most benefits occur in the later, heavily discounted, years of the look period.  This temporal distribution of costs and benefits indicates that it would be even more poorly suited as an interim short term measure.  The benefits calculation is, however, somewhat conservative, as it excludes potential improvement in maneuver times for many currently efficient tows and potential benefits to industry in the form of reduced personnel injuries and quicker fleeting and terminal operations.  Its significant, if modest, effect could generate a net benefit if the operators could get the efficiency improvements by means less costly than those modeled herein.  These means could include training, improved personnel pay and rotation policies, and other mechanical and operational innovations not currently known.

Results, tradable permits

The Volpe Center finds that diverse operational, market, and environmental obstacles stand in the way of overarching scheduling systems on the UMR – IWW, even a tradable permits approach which attempts to provide some flexibility.  The river transport system is a service for cargo shippers, who are highly responsive to world market and local economic pressures.  Tow companies’ operations are thus changeable on a daily basis.  Volatility of the operating environment caused by weather and river conditions also contributes to great variability and lack of predictability in tow arrival times and lockage times.  

The Volpe Center finds that scheduling systems, including tradable permits, whose aim is to impose more predictability on the system, are infeasible for this waterway unless the essentially responsive and flexible nature of its service to shippers is changed in some basic ways.  For example, reconfiguring cargo storage and terminal infrastructure below St. Louis might offer shippers the market responsiveness needed while enhancing predictability of barge movements.  Such an approach was outside the scope of the non-structural measures study.
The implementation of the tradable time permits proposal was found to be highly impractical from the administrative, financial, and operational viewpoints.  It is possible in some circumstances that tradable permits could actually decrease lock efficiency by causing available time to go unused.  The analogy to the airport tradable permits lacks validity, because of the “tactical” and frequent trading of slots that would be necessary to address schedule volatility on the UMR – IWW.  The daily tactical management of slots at airports addressing schedule disruptions is not addressed by a trading system.  It is effective because of air controllers’ authority over incoming flights and the nature of repetitive daily flight schedules, and works on a first come, first served basis.  Similar tactical management does already occur on the UMR – IWW to some extent through sharing of lock and queue status information, “n-up, m-down” sequencing of tows through locks, and informal appointments at nearby locks allowing efficient tow transits.   Slot “trading” among the airlines only occurs at high capacity airports for strategic fiscal or operational reasons; the frequency of these trades is extremely low by comparison to what would be expected in a prospective system on the UMR – IWW.  

There was no cost and benefit analysis conducted for the foregoing reasons, the lack of proven tradable permits approach on any inland waterway, and the lack of implementation specifics offered by the NRC review.
The project team also conducted an analysis of queuing frequency, length of queues, and service time to see how fully lock capacity is utilized, based on the suggestion by some that locks are operating at or near to full capacity and don’t have the unused time available to more efficiently space arrival and service times.  The analysis revealed wide variabilities in queue length, as indicated by high standard deviations, even at particular locks at particular times of the year.  Furthermore, the analysis of lock utilization rates for the years 2000 – 2002 shows that, while the busiest locks do operate at or near capacity during some months, most locks have some periods of time during which they are busy (60 – 70 percent utilization, with frequent queuing events and long queues) and nevertheless have significant unused capacity.

While it is clear that long term advance scheduling is not compatible with operations that can change on a daily basis, there appears to be an opportunity to put a more modest measure in place.  The congestion and capacity analysis gives an indication that smoothing out arrival times could tap unused lock capacity and shorten queues.  The analysis was based on recent historic data and does not project future unused capacity.  Recent growth rates and the ACOE’s traffic projections indicate, however, that a similar pattern is likely in the near future (five to ten years).

The appointment system suggested by the University of Missouri, St. Louis would give operators, particularly those engaged in through voyages, the ability to call ahead one or more locks and might be an effective alternative to master scheduling for reducing the variability and length of queuing times.  This practice now occurs on an informal basis at some locks during busy periods.  It could allow for more efficiently conducted voyages, from the standpoint of fuel consumption and scheduling of other necessities such as maintenance.  Additional benefit could accrue if an excess lockage time fee system were also put in place, so that inefficient operators could avoid queues and fees by scheduling for slack times.  The costs and benefits of an appointment system were not quantified.  The implementation details of such a system should be investigated.

1 Introduction

1.1 Purpose of Report

The purpose of this report is to examine viable candidate non-structural measures for their potential to improve navigational efficiency in the Upper Mississippi River (UMR) and Illinois Waterway (IWW).  The approach is that of a cost and benefit analysis applying the standard Army Corps of Engineers (ACOE) and Office of Management and Budget (OMB) guidance.

1.2 Army Corps Objectives

The ACOE has been assessing navigational efficiency on the UMR/IWW since the early 1990s.  One effort has culminated in an unpublished draft feasibility study addressing large scale structural measures, i.e., extensions of several main lock chambers from 600 feet to 1,200 feet in length.  External review of the draft study by the National Research Council suggested, among other things, the need to address congestion management through “non-structural” waterway enhancement measures.  The ACOE also investigated other approaches through a multi-stage study of “small scale measures”, including small structural modifications, operational enhancements, and fee incentive and collection programs.

There are two reasons for this task.  The first is to see if the waterways are in fact currently operating in the most efficient possible manner and if the assumed baseline for the structural measures needs adjustment.  The second is to search for cheaper solutions than the proposed large scale structural measures  which may achieve in some measure the goal of improving waterway efficiency.  Such an outcome may or may not replace the long term solution of large scale structural measures, but it could potentially provide some degree of relief from congestion more quickly than the large scale construction program envisioned.

1.3 Organization of Report

Chapter 2 provides the project background.  Chapter 3 describes the analytical approach to the problem, describes the role of the Focus Groups, and details all the steps in the development of the assessment methodology and tools, as well as the execution of the study.  Chapter 4 summarizes the results of the Focus Groups’ activities.  Chapter 5 addresses the costs and benefits of the first measure: excess lockage time fees.  Chapter 6 addresses the second measure: tradable permits.  Chapter 7 summarizes the findings of the report.

2 Background

2.1 Upper Mississippi and Illinois Waterway Transportation System 
2.1.1 General Description

The study area includes two major navigable rivers, the Upper Mississippi River (UMR) and the Illinois Waterway (IWW); these have among them 37 lock and dam (LD) structures and 43 lock-chambers (Table 1).  The UMR-IWW system is managed by three ACOE districts across 5 states: the St. Paul, Rock Island, and St. Louis districts (Figure 1).  This scope of study includes the locks and dams (LD) of the UMR (25 LDs) and IWW (8 LDs) waterways, and the main stem of the Mississippi River (two LDs in the vicinity of St. Louis).  The following project area description appeared in the ACOE’s Feasibility Study, Section 1, “Project Setting”:

“The Upper Mississippi River and the Illinois Waterway represent an integral part of a broad regional, national, and international transportation network. As such, it has played a key role in the economic growth and development of the upper Midwest, including Minneapolis-St. Paul, MN, Dubuque, IA, the Quad Cities (Rock Island, IL, Moline, IL, Bettendorf, IA, Davenport, IA), St. Louis, MO, Peoria, IL, and Chicago, IL. Both river systems provide an important link both into and out of America’s heartland. Agricultural products, particularly grain, are the primary commodities moving out of the eight state growing region served by the rivers. The river system also provides a major artery for the transport of bulk commodities for industrial production.

“The Upper Mississippi River has a length of 663 miles extending from north of Minneapolis, MN, to the confluence with the Missouri River north of St. Louis, MO providing reliable navigation with a series of 29 locks and maintained at a usable channel depth of 9 feet. The Illinois Waterway, a system of rivers and canals, extends from Lake Michigan at Chicago, IL to Grafton, IL. Sections of the waterway include the Chicago River, the Chicago Sanitary and Ship Canal, the Des Plaines River, and the Illinois River, a tributary of the Mississippi River. It has a length of 349 miles containing 8 locks and is also maintained at a usable depth of 9 feet. All but four locks on the Upper Mississippi were built before 1940. On the Illinois Waterway all except one lock are over 50 years old.”

A map of the project area appears in Figure 2-1 and principle descriptors of the LDs in Table 2-1.

Figure 2-1

UMR – IWW Project Area
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Table 2-1

UMR – IWW Lock and Dam Data
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600 x 110

-

-

8,880

28,984

36,513

2.3

Lock & Dam 22

301

1938

600 x 110

-

-

8,802

29,272

38,074

5.1

Lock & Dam 24

273

1940

600 x 110

-

-

9.242

30,055

39,297

4.1

Lock & Dam 25

241

1939

600 x 110

-

-

9,291

30,245

39,536

4.3

Melvin Price

201

1990

1200 x 110

1994

600 x 110

24,193

53,388

77,581

1.1

Locks & Dam 27

186

1953

1200 x 110

1953

600 x 110

25,629

57,750

83,379

3.1

Thomas J. O'Brien

327

1960

1000 x 110

-

-

5,543

1,829

7,372

0.1

Lockport

291

1933

600 x 110

-

-

11,999

4,040

16,039

1.6

Brandon Road

286

1933

600 x 110

-

-

12,047

4,027

16,074

1.4

Dresden Island

272

1933

600 x 110

-

-

12,679

5,068

17,747

1.2

Marseilles

245

1933

600 x 110

-

-

12,258

6,898

19,156

1.6

Starved Rock

231

1933

600 x 110

-

-

12,595

8,789

21,384

1.3

Peoria

158

1938

600 x 110

-

-

14,125

17,004

31,129

1.9

Lagrange

80

1939

600 x 110

-

-

14,265

21,133

35,598

3.7

Illinois Waterway

Upper Mississippi River

UPPER MISSISSIPPI RIVER AND ILLINOIS WATERWAY LOCKS AND DAMS

Lock

Mile

Main Chamber

Auxiliary Chamber

1999 Tonnage (ktons)

Size

Size

Total


2.1.2 River Transportation Services

Commercial navigation on the UMR and IWW plays a vital role in the national economy.  The importance of the UMR-IWW as a shipping artery is reflected in the historical increase in tonnage shipped on the system.  On the Upper Mississippi River tonnage shipped increased from 27 million tons in 1960 to 80 million tons in 1998, whereas on the Illinois Waterway tonnage shipped increased from 23 million tons in 1960 to 42 million tons in 1998.  At present, there are more than two hundred terminals on the Upper Mississippi River and Illinois Waterway that ship and receive numerous commodities, including grain, chemicals, petroleum products, coal, cement, non-metallic minerals, metallic and paper products, and scrap. 

Commodities transiting the Upper Mississippi River and Illinois Waterway reflect the region’s agriculturally dominated economy. In 1998, 40.8 million tons of farm products, 51 percent of total tonnage, were transported on the UMR, while that same year, 17.4 million tons of farm products, 42 percent of total tonnage, were transported on the IWW.

Modern towboats moving commodities on the Upper Mississippi River and Illinois Waterway may exceed 5,000 horsepower and push a typical tow made up of 9 to 17 barges. The four primary types of barges used are open hopper, covered hopper, deck, and tank. Open hopper barges are used for all types of bulk solid cargo (primarily coal) and account for about 45 percent of the carrying capacity of all barges operating on the inland waterways. Covered hopper barges, carrying mainly grain and fertilizer, account for about 25 percent of the total tonnage capacity. Tank barges, for petroleum and chemicals, and deck barges, carrying equipment and sundry commodities, make up about 22 and 8 percent, respectively.

Lockage delays on the waterways occur because of the large volume of tonnage being shipped. Built in the 1930s, the system was originally designed to handle tows (a towboat plus its barges) up to 600-feet long.  Present-day tows routinely push fifteen barges with a length up to 1,200 feet long.  These large tows require double lockages (i.e., to be broken up and moved through a 600-foot lock in two parts) -- a costly and time-consuming process. 

The 1997 Inland Waterway Review, published by the Water Resources Support Center, Institute for Water Resources, U.S. Army Corps of Engineers, IWR Report 97-R-3, September 1997, identified five locks on the Upper Mississippi River (locks 20, 21,22, 24 and 25) and two on the Illinois Waterway (La Grange and Peoria) as being among the 15 locks in the country with the highest average delay time per vessel.  With the present high rate of lock utilization, increased traffic in the future is expected to create substantial increases in congestion and delays at system locks on the current UMR-IWW navigation system, increasing transit times and decreasing systemic efficiency.

2.2 Previous Initiatives and Studies

This report follows several important studies.  The most important for these purposes is the National Research Council (NRC) review (2001) of the ACOE’s unpublished draft feasibility study (2000).  The NRC identified several specific problems both in the fundamental analytical design and specific applications of the Feasibility Study.  Their findings may be summed up as follows:

· Presently the UMR-IWW system is not used efficiently and it needlessly imposes high costs because of a lack of traffic and waterway management tools. 

· The ACOE draft feasibility study has excluded “non-structural” options, e.g., traffic management systems, or tradable lockage permits.  It is impossible to ascertain the true value of future structural changes without understanding the fully efficient operation of the current system.

· Implementation of relatively inexpensive non-structural measures could provide much quicker relief from congestion than construction programs, or at least in the long interim until the completion of a construction program.

· Recommendation that the ACOE conduct a comprehensive cost and benefit study of non-structural measures prior to doing so for the structural options.

· More predictability in traffic flow would result in better traffic management and more even temporal distribution of tows.  

The NRC report concluded with a recommendation that the ACOE conduct a comprehensive cost and benefit study of non-structural measures that might help alleviate congestion on the UMR-IWW.

The University of Missouri at St. Louis (UMStL) prepared a report for the Institute of Agriculture and Trade Policy (Ronen and Nauss, 2003) which examined the waterway’s service issues in light of other similar systems and summarized them as follows:

· The basic problem is that unused service capacity cannot be stored for later use. 

· Queues form when, during a short period of time, demand exceeds capacity. 

· Variability in the arrival of customers and variability in service times are the source of the problem. 

· Queues are not linear with regard to changes in arrival rates or service times. 

The report concluded by recommending that some form of “appointment” system be investigated, wherein towboats call ahead as soon as they depart the adjacent lock, rather than waiting until reaching the "rally point" of a pool.  The savings of proposal would not be in enhanced waterway utilization but rather in reduced fuel consumption and cost.
This investigation of candidate non-structural measures was strongly influenced by several reports produced by the ACOE during the 1990s, resulting from extensive work carried out in cooperation with their Lockmasters, the towing industry, and other stakeholders.  The ACOE identified the project as the “Small Scale Measures” study, and their products were the following:

· “General Assessment of Small Scale Measures”

· “Detailed Assessment of Small Scale Measures

· “Summary of Small Scale Measures Screening”

The screening was a two-step process resulting in a small group of candidate measures with strong potential for practical benefit to the waterway.  These included congestion fees, lockage time fees, powered kevels, and switchboats.

3 Approach

3.1 The Problem

The Army Corps defines the problem as congestion and inefficiency in the UMR – IWW system, resulting in delays at the locks and delay costs borne by the tow operators and shippers.  As stated previously, the 2003 UMStL study pointed out that unused service capacity cannot be stored, queues form when demand exceeds capacity, and the waterway has great variability in arrival times and service times.  Industry has also identified the many operational and market factors that contribute to the unpredictable nature of river traffic.

3.2 Overview 

The analytical problem is to identify candidate non structural measures and determine the benefit of non-structural measures, requiring the development of a model to quantify their unit and overall benefits.  Mathematical modeling of the system will aim at time savings output.  The end result is lock performance inputs (e.g., the expected changes in lockage or queuing times) that characterize the effectiveness of the measures with reasonable accuracy.

The main tasks of the project staff were the following:

· Gain an understanding of the river system through literature research (including Internet), field visits, interviews with users, and structured sessions with experts and users at the two Focus Group sessions.  Field visits occurred in December 2002 and April 2003, and included trips to LD 21 (Quincy, Illinois) and LD 25 (Winfield, Missouri), both on the UMR, and the to LaGrange LD on the IWW (LaGrange, Illinois).  The December visit also included interviews with tow operators and a visit to a large grain terminal on the IWW.

· Identification of candidate non-structural measures, selection of those that appeared to have the best potential to reduce congestion on the river system, and development of implementation aspects to best suit the UMR – IWW system.  This was a primary discussion topic for the Focus Groups.

· Modeling and estimating of benefits for each measure.

· Estimating the costs of each measure.

3.3 Use of Focus Groups

3.3.1 Purpose

The Volpe Center organized and ran two Focus Groups on consecutive days in the St. Louis, Missouri, area, in April 2003.  The purpose was to gain practical input into the questions of implementation and effectiveness of proposed candidate non-structural measures, and the operational workings of the UMR-IWW waterway.  The meetings’ activities were:

· Development of a “mental model” of the realities of river operations for the Volpe Center project team.  This included two components.  First, tow operators and LD personnel were asked to describe river voyages in detail to give an in-depth understanding of what the tug master, lock master, shipper, and others deal with as a tow transits the waterway.  The Volpe Center provided a sampling of 20 sets of voyage data culled from the Corps LPMS data base and presented graphical plots of river miles and tow tonnages against time.  The Group also had graphic lock performance data by month for review and discussion.

· Discussion of the details of the candidate measures to help develop them into the most correctly detailed and practical form possible.  This was to assist in developing reasonable estimates of their costs and benefits.

· Discussing and arriving at answers to prepared questions (sent ahead of time for review), regarding the actual costs, potential benefits, and potential problems of the candidate measures.

The Focus Groups included tow operators, lock and dam personnel (ACOE), shippers, and experts in economics and the river transport system.  They worked from prepared sets of questions specifically directed at the identified measures, that is, how they would be implemented in a technically feasible way and what their effect might be.  

3.3.2 Execution

The meetings took place on the 17th and 18th of April, 2002 in St. Louis.  The Operations Focus Group met on the 17th at the ACOE St. Louis District office; and the Economics and System Focus Group met on the 18th at the University of St. Louis, Center for Transportation Studies (UMStL).  Meeting minutes were distributed for comment and the Groups submitted only one change.

In both cases, the Focus Groups provided extensive detail on towing operations, the river transport system, economics and market forces, and the Army Corps’s system of locks and dams, as well as on some key aspects of the analytical methodology.  The main points of these discussions appear below.  The Groups’ comments on the proposed measures appear in Chapters 4 and 5.  The complete minutes of the meetings appear in Appendix A.

3.4 Candidate Measures 

3.4.1 Selection process 
The selection of non-structural measures depended first upon identifying candidate measures, and roughly defining their implementation and operational impact.  The key questions in this first step were:

· What is the operational measure?

· How does it work?

· What's its general impact on commercial freight?

· What's its general impact on other water traffic?

· What potential synergies or conflicts exist between/among measures?  What combinations might make good sense?

In the absence of measures specified by the ACOE, the sources for candidate measures were:

· The National Research Council Report;

· The ACOE’s “Small Measures” studies of the 1990s; and

· Experience in other waterways, particularly the European river system.

The examination of other waterways was instructive.  There is no waterway in the U.S. similar to the UMR-IWW, and canals and seaways, and other canals and seaways employing locks have drastic geographic and operational differences that make comparison difficult, at best.  The most similar system is the European inland waterway network, comprising several major rivers, including the Rhine and Danube, each of which crosses and bounds several countries.  Here, too, there are major operational differences with the UMR-IWW, including the use of very narrow canals, tows that are generally much smaller, and cargo consisting primarily of goods in shipping containers..  Until recently, these waterways have been subject to the jurisdiction of many different countries; the advent of the European Union signals the coming of unified authority which would be more similar to the Mississippi River system.  The Europeans have begun to explore system-wide navigational improvements, such as the Inland Navigation Demonstrator for River Information Services (INDRIS).  These measures are not, however, mature, nor has their effectiveness been measured.  In short, there is no relevant experience to draw upon for this application.

The ACOE undertook a substantive study of “Small Scale Measures” during the 1990s, with the cooperation of industry.  These measures included small (relative to lock extension) structural improvement projects, such as mooring cells and guidewall extensions, tow industry operational initiatives, and various waterway fee and scheduling regimes.  A two-step screening process reduced the initial list of measures to a handful of candidates for further consideration.  These included several small scale structural measures (mooring and guide cells, and guide wall extensions), operational measures involving helper boats and switch boats, and congestion fees; those measures are the subject of a separate analysis initiated by the ACOE.  This current study, therefore, has as its focus other non-structural measures, which were to be agreed upon by the Volpe Center and ACOE.

The UMStL study (2003) identified the following conceptual approaches to addressing congestion on the UMR-IWW:

· Reduce the level of demand for the service

· Reduce the variability of demand

· Reduce the variability of service times

· Reduce the average service time

Potential measures may also be categorized as follows:

· Financial measures (demand or capacity management); or

· Operational measures (capacity management).

Financial measures use pricing mechanisms to change demand patterns.  Customers are offered price incentives (discounts) to use the system during low demand periods or are penalized (pay a premium price) for using the system during peak periods.  The Washington D.C. Metro system charges more than the base fare for riding the system during rush hours.  Electrical utilities charge discounted rates to large customers who allow the utility to disconnect them from the grid during peak demand periods. Manufacturers of high volume seasonal products give deep discounts to distributors who are willing to take early delivery of their products.  All these measures allow the operator to smooth peak demand and avoid investments in additional capacity.

Operational measures are often used to smooth demand patterns when financial measures are not applicable.  Many transportation services publish service schedules and customers have to fit their desired travel into the published schedule (airlines, bus lines, liner ships, railroads).  The service schedule itself is affected by the capacity of the facilities used and by the available equipment.  Often such scheduled service is combined with differential pricing (in order to encourage usage in low demand periods). A similar approach is an appointment system where customers are assigned appointed times to be served.  Appointment systems are common in healthcare (physicians’ offices, scheduled admissions to hospitals) and in many other professional services, as well as in transportation (assignment of take-off and landing slots to airlines in congested airports, air traffic control management).  

The project scope as defined by the ACOE precludes some demand management tools from this analysis.  One financial measure, the congestion fee, is aimed at the reduction of demand, and is not part of the project’s scope, by direction of the ACOE.  Tradable lock permits are a more complex matter, having both financial and operational aspects and addressing both demand management (removal of some users through financial disincentive) and capacity management (smoothing demand through a form of scheduling).  Discussion of this measure in the NRC study and the fact that it was not precluded by inclusion in another ACOE-sponsored project made it a strong candidate for analysis.

The other group of measures that might be considered includes those more narrowly focused on activities at the locks themselves.  Opportunities for reducing the variability in demand are currently limited because Lockmasters have limited authority.  It is possible, however, to consider an expansion of the Lockmasters’ authority so that they can take better advantage of idle times at the lock, for example by directing tows in adjacent pools to arrive at their lock at favorable times.  Such an approach would require a technology component, such as a GPS-based vessel traffic management system, to provide the information needed for such decisions.

Scheduling and other ways of controlling arrival times reduce demand variability and can also result in some reductions of average service times and variability of service times.  The focus here in regard to the latter two metrics is on measures that reduce actual lockage times.  The Corps’s small scale studies addressed many such measures, including crew size/training/qualifications standards and engineering approaches to more quickly executing the physical work of cutting, moving, and remaking tows.  The engineering solutions included actions by both the Corps (lock hardware) and the tow operators (barge fittings and deck systems).  

The selection process overall was first a categorization framework, as suggested by the 2003 UMStL paper.  This was followed by the reduction of available choices, as concluded by previous studies or as precluded by their address in other studies being performed for the ACOE.  

3.4.2 Selected measures 

The final selections resulted from three criteria:

1. Measures addressing both demand variability and service time variability

2. Measures offering a practical chance of implementation and benefit

3. Measures addressing the suggestions of the NRC report

3.4.2.1 Lockage time fees 

Two versions of lockage time fees (“Measure #1”) were favorably assessed in the ACOE’s “Small Scale Measures” studies of the 1990s.  The idea is to provide the incentive for faster lockages and thereby reduce one potential cause of congestion.  This measure would not be prescriptive in terms of equipment, crew, and operations improvements, but would encourage operators through financial inducements.  ACOE data indicate that “maneuver time”, the time spent by a towboat crew breaking and re-making two-cut tows, varies widely.  Lockmasters and towboat operators have also indicated that training and equipment are key factors in the efficiency of tug-tow crews conducting these operations.

The two measures were dubbed Strawman 1A and Strawman 1B by the project team.  Strawman 1A is a lockage time charge system in which tows would be charged by the minute for lockage use from start until finish of the lockage.  

Under Strawman 1B, the fee would be charged only for “excess lockage time”, that is, for all time in the lock over and above a predefined amount.  The pre-defined amount, proposed by the Volpe Center, is a floor time at the 3rd quartile (75%) of all lockage times for double cut tows, set individually at each particular lock.  In other words, if the charge system were now in place and lockage times did not change, the slowest 25% of tows would pay some charge.  The charge would also apply to other tow configurations, such as single cuts, jackknifes, setovers, etc., in the less likely events that they exceed the floor time.
Strawman 1B was selected by the Volpe Center and the ACOE for further analysis for two reasons:

1. The charges would only be paid by the least efficient operators, not those whose maneuver times are in the first three quartiles.

2. Strawman 1A could encourage unsafe behavior by providing the incentive for faster lockages for all operators, even those now moving efficiently through the locks.  The 3rd quartile floor would offer financial inducement to only the slowest operators, whose safety should not be greatly compromised by moving into the third quartile for maneuver time.

This measure addresses service time variability and offers a solid, practical chance of improving lockage efficiency.  This was borne out by the example of one large operator that has made equipment and training improvements in its fleet and noted substantial reductions of lockage time.  That operator has put mechanically assisted winches on all of its barges, at a significant cost, and has seen significant lockage time reductions (claims to have reduced by about 30 – 45 minutes per lockage).  One Lockmaster commented that the operator’s “standard” set-up is the most efficient he’s ever seen.

The benefit of that operator’s action is seen in the lockage “maneuver time “ data extracted from the ACOE’s LPMS database for all the operators for the years 2000 – 2003, showing a substantially better performance relative to the other large operators.  These data support the rationale for the measure and also form part of the basis for the benefit calculation.  The Volpe Center analysis of recent historic data indicated that tows with improved line handling equipment (mechanically assisted manual winches) and training showed significant time savings per lockage.  Figure 3-1 shows the data, sorted by tow tonnage for the year 2000.  While tow tonnage is not seen as an important indicator for lockage performance, the indication overall is significant improvement across the board.  
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Figure 3-1

Maneuver Time vs. Tonnage, 2000

3.4.2.2 Tradable lock permit system 

A tradable lock permit system (“Measure #2”) is the other measure selected for analysis, because it was the primary non-structural measure advanced by the NRC and is not being addressed elsewhere.  A tradable lock permit system is, in fact, a form of “master scheduling”, which is advocated in general terms by the NRC report and has also been advanced by several UMR-IWW stakeholders, both in the past and at the Focus Group meetings.  Such a system would be scheduling by a market mechanism; it is a demand management measure and also includes the financial aspect aiming at demand reduction.

The project team developed three “strawman” options for tradable permits for the ACOE’s and the Focus Group’s consideration.  The details of the decision process choosing one strawman and of the measure itself appear in Chapter 5.

3.5 Benefit analysis

3.5.1 Guidance and Overview

Engineer Regulation (ER) 1105-2-100 (1990), as published by the Water Resource Council, is the ACOE’s implementation document addressing economic and environmental principles for inland waterway projects,.  The document defines project economic analysis in terms of “national economic development” (NED), consistent with protecting the Nation’s environment.  ER 1105-2-100 specifies a ten step method.  Volpe Center and the ACOE agreed that repetition of steps 1-7 for these analyses would not be necessary, and the steps 8-10 pertain.  The ten steps are described in the following, and annotated to show how each has been accounted for by pervious ACOE action or provision of data, or by analysis in this study:

· Step 1, Identify the Commodity Flows – ACOE commerce data for the project area.

· Step 2, Identify the Study Area – UMR-IWW per direction of the ACOE.

· Step 3, Determine Current Commodity Flows – ACOE commerce data for the project area.

· Step 4, Determine Current Costs of Waterway Use – ACOE lock delay data from the Lock Performance Management System (LPMS), tow operating costs from the “Economic Guidance Memorandum 00-05, FY 2000 Shallow Draft Vessel Operating Costs”, 20 April 2000, and Tow Cost Model results.

· Step 5, Determine Current Cost of Alternative Movement – NA.  The ACOE agreed that comparison to other modes was not a requirement of this analysis.  Any benefit in reduced delays only makes UMR-IWW transport more attractive relative to other modes, and it’s now the cheapest mode.  The cost changes resulting from the selected non-structural measures are likely to be minor.

· Step 6, Forecast Potential Waterway Traffic by Commodity – ACOE provided five forecast scenarios to be used in this analysis.

· Step 7, Determine Future Cost of Alternative Modes – See step 5.

· Step 8, Determine Future Cost of Waterway Use – Reduced delay cost benefits will be expressed for Measure #1 as lockage time savings multiplied by the unit delay costs  Unit delay costs are derived from the values for total delay cost and waiting time found in the ACOE baseline projections, and are found per lock, year, and the five defined ACOE traffic scenarios for the years 2000 - 2050.  

· Step 9, Determine Waterway Use, With and Without Project – These measures are assumed to have sufficiently small impacts that there will be no new induced demand on the waterway.  The five demand scenarios provided by the ACOE meet this requirement.

· Step 10, Compute the NED benefits – Four categories of navigation benefits are established and defined dependent on the without project condition for potential project beneficiaries.  These categories are: (1) cost reduction benefits; (2) shift-of-mode benefits; (3) shift-of-origin-destination benefits, and (4) new-movements benefits.  In this current report, these will be expressed strictly as cost reduction benefits, that is, lessened delay costs for tows on the UMR-IWW.  

The general approach to the net benefits analysis comprises the following steps.

· Estimate cost savings of measures at each lock/dam and for the Upper Mississippi as a whole

· Assume that reduced costs of operations are the sole benefit due to imposition of chosen measures

· Benefit = time savings x delay costs per unit time per lock (the latter provided by the ACOE in the five demand scenarios)

· Aggregate lock benefits to year

· Aggregate to entire UMR/IWW

· Estimate cost of operational measures per year

· Develop NPV of cost savings over a 50-year period using the OMB’s recommended discount rate

· Use calculated benefits (i.e., cost savings)

· Use calculated costs of operational measures 

· Compare the costs and benefits

3.5.2 Measure #1, Lockage Fees

3.5.2.1 Assumptions and conditions

The “without project” condition is taken as a continuation of current operational practice by the tow operators and ACOE lock personnel, including the line handling equipment on the barges and the mooring and hauling equipment at the locks.  The change in the “with project” condition is new line handling equipment on barges now operating without them, projected to future fleet growth for the scenarios of interest.  This analysis appears in Chapter 5.  

The other key assumptions for this benefits analysis are: 

1. In general, historical trends are projected forward throughout the look period.

a. Maneuver times are assumed to stay the same in the absence of this action.

b. The proportion of two-cut tows to all tows remains the same for all scenarios defined by the ACOE.

2. The lockage time defined as “excessive” ((i.e., the maneuver times at all locks in the fourth quartile)) does not change, but remains constant over the entire analytical period.

3. The cost per unit time for excess lockage time varies by lock and by year, depending on the delay time by lock and its value (as given by ACOE scenarios).

4. Any reductions in delay times experienced at a lock will be relatively small and consequently will not significantly impact performance at other locks.  The relationship between the throughputs at the various locks, consequently, will continue as in the base case.

5. All towing companies will add manual (i.e., mechanically assisted) line handling winches (similar to those installed by the previously mentioned efficient company) to avoid the excess lockage fee, and will so modify all of their barges, not just some.  There will also be a new training requirement, but only in the initial years of the program.  This is an assumption of an unlikely outcome, but is meant to assess the full potential of the measure for improving waterway efficiency.  The benefit-to-cost ratios for smaller proportions of the fleet undergoing these modifications are likely to be similar, based on the linear nature of the calculations.

6. Only the inefficient tows in the affected vessel population will improve their lockage performance (a conservative assumption).

3.5.2.2 Benefit calculation

The essence of the analysis is to identify the time savings yielded by forcing inefficient tows to improve their maneuver times from the 4th to the 3rd quartile.  The analysis considers that all operators (each of which has at least some number of inefficient tows (based on recent historical data) add winches to their barge fleets.  The inefficient tows are identified as those in the 4th quartile who are not the “unfortunate and unlucky” ones affected by instances of bad weather, lock and dam mechanical problems, or other factors beyond the operator’s control.  

Impacted fleet

The focus of this identification is on two-cut tows only, sorted by individual lock.  The analysis eliminated, to the extent allowed by the available data, lockages where circumstances beyond the operators’ control were associated with the long maneuver times.  It then answered the question: how good is the operator with the improved deck equipment (hereafter identified as “Operator X”) relative to other operators?  The finding was that Operator X was among the most efficient, especially among the large operators.  Maneuver time data for many operators (company names do not appear) appear in Chapter 5. 
The working assumption is that all companies without winches will add them and that all two-cut fourth quartile maneuver times will be subject to improvement due to the winches.  

Data analysis and calculations

The data analysis combines descriptors of tow traffic and lockage performance at each lock from historic ACOE data (2000 - 2003) with the ACOE ‘s baseline traffic projections to 2050 (five scenarios), resulting in the benefit estimates.  The baseline provides the following essential data for each combination of lock, year, and scenario:

· Total number of tows

· Total delay cost

· Total delay time

The work consists of the following spreadsheets, in order:

1. Three separate worksheets showing maneuver time performance, by lock and year, one each for the years 2000 – 2002.  These show the numbers of 2-cut tows falling into quartiles 1 and 2 (combined), quartile 3, and quartile 4, and the average maneuver times within each quartile for each company.  These data also the proportions of two – cut tows to all tows and of tows with winches to all tows (based on Operator X historic data), at each lock.

2. The tow prediction worksheet showing the numbers of tows, by lock, year (to 2050), and scenario.  These data are based upon the ACOE baselines of five scenarios, and differentiate tows by projecting historic rates at each lock for a) one-cut versus two-cut tows, and b) tows with winches versus tows without winches.

3. Worksheets showing projected time savings, by lock, year, and scenario.  The time savings calculation affects all two-cut tows without winches, with a potential saving of the difference between the historic 3rd and 4th quartile maneuver time averages (per lock).  These results include two arithmetic operations:

a. The proportions of all companies’ barges remaining in the fourth quartile (again on a per lock basis) are the same as for Operator X.  Operator X has barges with winches, but still has a relatively low percentage of its tows in that 4th quartile.  Operator X will not improve its performance and it is assumed that other companies installing winches will equal, but not exceed, that performance.  Therefore, only a portion of the other companies’ 4th quartile tows are predicted to improve by the maneuver time changes established for each lock (the difference between the historic 3rd and 4th quartile averages).  The mathematics are as follows, repeated for every combination of lock, year, and ACOE scenario:

Ttotal = Total number of tows 

T2-cut = 2-cut tows = (Ttotal X {historic proportion of 2-cut tows})

TW, 2-cut = Two-cut tows with winches = (T2-cut X {historic proportion of 2-cut tows with winches})

TNoW, 2-cut = Tows without winches = T2-cut - TW, 2-cut

T4Q, W, 2-cut = 4th quartile two-cut tows with winches = (TW, 2-cut X {historic proportion of 2-cut tows with winches in 4th quartile})

T4Q, NoW, 2-cut = Two-cut tows without winches in the 4th quartile = Ttotal/4 - T4Q, W, 2-cut 

T4Q, Conv, (T = 4th quartile converted non-winch tows improving to 3rd quartile maneuver times = T4Q, NoW, 2-cut – (TNoW, 2-cut X {historic proportion of 2-cut tows with winches in 4th quartile})


b. T4Q, Conv, (T is multiplied by the difference between the historic 3rd and 4th quartile averages for each lock, year, and scenario, resulting in total annual lockage time savings.   

4. Non-discounted benefits in dollars at each lock, arrived at by multiplying the annual time savings stream by unit time delay values (specific to the scenario and year), derived from the ACOE baseline for the five scenarios.  These values were arrived at by the following steps:

a. The proportion of inefficient tows in queues is found for each lock, year, and scenario, and multiplied by T4Q, Conv, (T.  

b. The average queue size (numbers of tows) is found for each lock, year, and scenario.  These values are assumed equal to the historic average queue lengths.  One unit is added to these values to include the time savings for the tow in the lock.

c.  The average hourly delay cost for all tows is found for each lock, year, and scenario.

d. The results of a, b, and c are multiplied.

5. Summed, non-discounted benefit streams (2007 - 2056) for all locks, one for each scenario.  

6. Discounted benefit streams (2007 - 2056) for the five scenarios, resulting in net present value (NPV) benefits.

3.5.3 Measure #2, Tradable Permits
The tradable permits analysis does not include cost or benefit analysis, because of the myriad practical and economic difficulties identified in the investigation and the associated problem of developing the implementation details of the measure.  The analysis is therefore limited to a consideration of aggregate queuing versus non-queuing times at several of the key high volume locks.  The aim is to address two competing notions, that:

1. Tradable permits, or some other form of system wide scheduling, can yield substantial benefit by spreading demand more evenly and predictably; and

2. Congestion in the system has reached the point where any form of scheduling will not appreciably improve matters, even ignoring all of the practical objections raised by industry and lock operators.

Details of the analytical approach and outputs appear in Chapter 6.

3.6 Cost analysis

The implementation costs for the selected non-structural measures include initial capitalization for hardware and facilities, and startup development items such as software and office space.  There are also annual maintenance and operations costs including labor, equipment upkeep, and training.  Some measures may require periodic re-capitalization as equipment wears out and needs replacement.  Overall cost results from the calculation of total present value, in constant year 2000 dollars.  The calculated cost stream includes subtractions for equipment, labor, etc. that are eliminated due to the implementation of the new measure.

All proposed non-structural measures will result in added labor costs.  For instance, tradable permits will require additional efforts by the ACOE and towboat operators in the preparation, distribution, and handling of permits.  Minor added labor costs can be ignored.  However, significant labor requirements will need to be estimated, including those of ACOE staff working at locks, including lockmasters, ACOE office staff, tow company staff working on tows, including tow masters and tow crews, and tow company office staff.  It may also be necessary to estimate the effect on other industries, for example, the possibility that a scheduling or tradable permit regime would expand operating schedules for elevators along the rivers.

Implementation of non-structural measures will also result in added equipment costs.  These could include new computers dedicated to permit trading for both industry and the ACOE.  Operational enhancements in the towing fleet, such as new line handling equipment as in Measure #1, would require capitalization.

The cost calculations include five separate cost streams, one for each scenario (varied projected rates of growth) identified by the ACOE.  For the purposes of the cost analyses, an average annual growth rate is calculated for each scenario and is assumed to be reflected by a proportional growth rate in the tow and barge fleet.  The average annual growth rate is found as follows:

1. A sampling of four locks was selected.  They were LD #16 and 25 on the UMR, LaGrange on the IWW, and #27 on the main stem of the Mississippi River below St. Louis.

2. The average annual growth rate at each lock, for each of the five scenarios, is found by taking the 50th root of the aggregate growth over the 50 year look period.

3. The average annual growth rates at the four locks are summed and averaged again to yield the overall growth barge fleet rates for the five scenarios.  The results were:

· Scenario 1 – -0.31%

· Scenario 2 – +0.46%

· Scenario 3 – +0.56%

· Scenario 4 – +0.69 %

· Scenario 5 – +0.53 %

4. The growth rates are applied capital and maintenance calculations in the cost stream for the relevant measures, for example acquisition and maintenance of new line handling equipment priced on a per barge basis.

3.6.1 Data acquisition

Cost estimates require first that the technical requirements of each measure are properly understood.  Project staff ensured such through discussions with the Focus Groups and through follow-up telephone calls with industry and ACOE representatives.

The ACOE provided (1) cost figures for its staff and (2) estimates of the time that staff would be needed for the selected non-structural measures.  These were based on definition of those needs by project staff and agreement by ACOE.  

The source of industry costs was publicly available information, to the extent practicable, including published costs for equipment and consumables (Internet research and direct contact with vendors), and accepted “good marine practice” values for maintenance, repair and replacement of equipment.  Industry representatives also provided information directly through telephone conversations and written correspondence.   

3.6.2 Financial metrics

The calculations of cost and benefit for each selected measure will result in value “streams” during the look period on a constant dollar basis and discounted to net present value.  Relevant instructions are OMB Circular A-94 (revised January, 2003) and Army Corps instruction “Engineer Regulation (ER) 1105-2-100”, 28 December 1990, which implements for the Corps “Economic and Environmental Principles for Water and Related Land Resources Implementation Studies”, dated February 3, 1983.  Table 3-1 summarizes the metrics.

Table 3-1

Financial Metrics

	Metric
	Value and Source

	Look period
	2007 – 2056 (ACOE direction)

	Discount rate
	5.875% (Project Evaluation and Formulation Rate, Section 80, Public Law 93-251)

	Constant dollars
	Year 2001 (ACOE direction, consistent with other relevant analyses)


The look period includes an agreed upon, reasonable starting point of 2008 for the two measures, with 2007 assumed as the implementation start date, given needed lead time for developing new fee collection programs.  It is likely that Congress will not receive the follow-up analyses requested by the NRC until 2004 and take action until 2005.  There would follow a period of public notice approximately one year in length and a pause to allow industry and the Corps to plan actions to comply.  2050 is the end of the look period, per guidance from ACOE.   

The constant dollars element of the analysis requires that unit costs expressed in current (2003) dollars be deflated back to 2001 dollars.  The assumption herein is that 2003 costs are equal to those for 2001, since inflation has been very low during the 2001 to 2003 period.  

3.6.3 Unit and global costs

Any new measure will include capital and operating costs.  Some cost components for industry are functions of throughput (fleet size, or numbers of tows), while others are annual repeated costs not related to fleet size.  Costs incurred by others, including the Army Corps, include program start-up and annual operating costs.

Unit costs are found through market research and industry interviews.  The global costs are extrapolated by separate and distinct means for each measure, accounting for the affected fleet and the growth rates specified by the ACOE trade projections.  

3.6.3.1 Lockage fees for excess time

The costs calculated for this measure include those for industry (all inefficient tows) and for the ACOE (set-up and administration of data management program for this measure).  Costs for the ACOE include:

· Startup costs for hardware, software, office space, equipment, and supplies, and training

· Annual costs to administer the program

· Annual labor costs for central program office (new labor costs at LDs assumed to be zero)

It is assumed, as previously stated, that towing companies currently without manual line handling winches will add them, in order to avoid the excess lockage fees to the extent possible.  It is further assumed, based on conversations with industry representatives, that none of the companies would have installed this equipment absent the proposed measure.  The costs incurred would be the following:

· Winch purchase and installation 

· Maintenance of new equipment, estimated at 5% of purchase cost, annually

· Equipment replacement cost, every 25 years

· Initial retraining costs for crew (downstream training costs assumed to be equal to current requirements)

· Crew sizes assumed to remain the same

· Removal of the maintenance and replacement cost stream for existing equipment no longer needed because of the addition of winches on each barge

Any fees paid by industry are considered transfer costs because the fees do not reflect any usage of economic resources and are not opportunity costs for society.  It is noted that industry would favor the fees going into an account designed to benefit the waterway.

3.6.3.2 Tradable permits

There is no cost analysis for this measure, as previously described.

4 Results of Focus Groups

4.1 Operators Group

The Operators Focus Group met on April 17th, 2003 at the Army Corps of Engineers St. Louis District office.  In overview, the two main objectives of the meeting (as for the Economists Focus group meeting the following day) were: 1) to assist the Volpe Center team in understanding a “mental model” of river operations; and 2) to discuss the particulars of three proposed non-structural measures and their prospects for improving waterway efficiency.

The bulleted list following summarizes the Groups’ discussions relating to the “mental model” of operations on the river.  These observations were very important for the design and execution of these analyses and are, as well, for the reader’s understanding of the likelihood of successful implementation of new measures on the waterway and of the estimation of costs and benefits.  The Groups’ specific responses to questions about the candidate non-structural measures and certain methodological matters appear in Chapters 5 and 6.  The full minutes of the meeting and related materials are in Appendix A.

The Operators Focus Group offered the following observations:

· Operations

· Tow services, configurations, and routes

· Tow takes 15 or 16 empties up river, dropping them off with local vendors, who move barges to customers to load and pick up for southbound tow.  Only 50% of upriver tows have any loaded barges.

· There are some cooperative towing arrangements among companies.

· Southbound tows are predominantly loaded.

· One major towing company representative stated that their tows go all the way from St. Paul to St. Louis and don't switch back anywhere in between.

· Cargoes include fuel, fertilizer, salt, cement, heating oil, chemicals, and asphalt.  Tows pick up cargoes of grain and then move south.

· Line-haul tows, that is, those in which the tow “tramps” on the river picking up and dropping off barges as ordered by the dispatcher, predominate, usually carrying mixed cargoes.

· Dedicated tows are those which serve particular terminals, often on a regularly scheduled basis.  These make up only about 10 percent of the total and carry mostly liquid cargoes, and some aggregates and coal.  In such cases, the towboats and barges stay together.

· Horsepower and speed

· On the UMR-IWW waterway, towboats generally have around 5000 horsepower.

· Towmasters may attempt to minimize time in transit or to conserve fuel, depending on circumstances such as freight rates.

· Common operating speed is 5 mph, but may be higher if freight rates are higher.

· River Conditions

· River conditions are the main cause of arrival time and locking time variations.  Operators cannot, for example, predict when a southbound tow from St. Paul will arrive at the Mel Price lock.

· Variable factors include UMR channel conditions (narrowness), fog, ice, and wind.

· River traffic

· The “pecking order” of river traffic through the locks is:

1. Government boats, e.g., ACOE and Coast Guard and, sometimes, Government contractors 

2. Passenger boats

3. Tows

4. Recreational boats

· Recreational boats can cause many problems, because of poor communications and boating practice, especially during seasonal high traffic days and around the bigger population areas.

· Lock Closures

· Many lock and dam closures are due to equipment failures, and there has been a great increase in unscheduled closures in recent years due to the reduction in O&M funding for the locks at the ACOE.

· Longer term (scheduled) closures are coordinated with river organizations, and industry, 60 days, 6 months or even 1 year ahead of time.

· Industry does not change behavior for short-term lock closures.

· Tow Industry Economics

· Freight rates are higher in spring due to a limited availability of barges.

· Fuel is the most expensive operating cost.  

· Barge rates are based on tariffs in 1976, expressed as a percent of base.  Rates change as often as daily.

· Industry can operate to maximize profit or minimize cost, depending on freight rates.

· Vessel operations costs include labor, maintenance, and repairs as fixed costs, while fuel is the variable cost.

· Volpe Center Analysis

· The Group felt that there were many anomalous historical base years, including 1993, 1995, and 1997 (high water events).  We also learned that only from 1998 forward does the LPMS include short closure/repair information.  There was no consensus on “typical” years, and it was agreed that a wide statistical spread is best.
· The Group also agreed that the Army Corps’s “Economic Guidance Memorandum 00-05, FY 2000 Shallow Draft Vessel Operating Costs” (2000) provides a fair measure of towing operations costs on the UMR-IWW.
4.2 Economists and Systems Experts Group

The Economists and Systems Experts Focus Group met on April 18th, 2003 at the Center for Transportation Studies, University of Missouri at St. Louis.  The bulleted list following summarizes the Group’s discussions relating to the “mental model” of operations on the river.  Their specific responses to questions about the candidate non-structural measures and certain methodological matters appear in Chapter 5 and 6.  The full minutes of the meeting and related materials are in Appendix A.

The Economists and Systems Experts Focus Group offered the following observations:

· Operations

· Technical or operational improvements needed to improve the efficiency for the waterway – The Group’s only specific answer was the need for Corps dredging and “rock work”.  This would improve passing in the channel, as would an automated identification system (AIS) on the boats.
· Economics

· Economic inefficiencies – Last summer, many tow boats sat idle due to market prices, so this was inefficient for the lock and dam system, inefficient for the tow operators, but efficient for the farmers since they held out until the grains rose.  The economic inefficiency in this case depends on the viewpoint.
· Tow companies are currently passing up some opportunities to reduce their costs or improve their equipment utilization.  Crew training is greatly passed over, as well as equipment improvements such as mechanically assisted winches.
· There are long-term contracts between shippers and tow companies, but no regular flow – e.g., by week – of product.  Even with long term contracts, barges are supplied at market rates.  Release dates are uncertain and shippers will pay demurrage to store grain in barges and wait for favorable market conditions.  
· Shippers make decisions weighing the markets for both grain and freight (barge rates). 
· There are no viable waterway alternatives to shipping on the Upper Mississippi River.  The St. Lawrence Seaway has no winter season, and is not viable because markets are moving more towards Asia than Europe.
· Methodological matters
· Lock usage and performance during the period 1995-1999 was subject to several anomalies.  It was felt that 1995 and 1999 were not “typical” years.  One participant stated that 1996 was also an unusual “economic” year, since China stopped exporting grain.

· Presentation by UMStL: "Upper Mississippi River and Illinois Waterways: How to Reduce Waiting Times of Vessels While Using the Current Infrastructure"

· The presentation was made by Dr. David Ronen, whose main points were the following:

· The UMR-IWW system can't store unused capacity.

· The UMStL approach is to reduce waiting times and variability of arrivals.

· The recommendation of the paper is to investigate an appointment system, which could realize fuel savings through steaming slower and saving fuel.  The towmaster would contact the lockmaster at next lock as soon as clearing the adjacent lock.  Such a system would end any need for racing and could use GPS to address “cheating”.

· One participant commented that such appointments now occur in an informal fashion.  The UMStL proposal could add value by formalizing the appointments.
· The sponsor of this paper was the Institute of Agricultural and Trade Policy (IATP).

· Other comments made and materials provided at the meeting:

· Whatever pricing (fee) mechanism is put in place for any measure must be neutral to industry, that is, should benefit the waterway in some way.  

· One participant presented southbound grain rates and cost data for 1999 and previous years from Pool 20 to St. Louis and argued that there is a rent (or premium) on barges early in the year because of limited supply.  The premium persists until sometime in the summer and returns later in the year as the supply of barges starts to decrease.  It was argued that monthly barge rates and average delays are not statistically related.  

· One participant also argued that “master scheduling” should have strong consideration in the future and noted that industry has already moved to a form of such scheduling and that the NRC suggested improving scheduling.  System-wide scheduling allows better utilization of locks, particularly during spring and fall surges in demand.  Such a system could incorporate congestion fees or lockage use time fees, should be administered by Coast Guard or the Army Corps, and should have linkages to ACOE, the Coast Guard, all towing companies, and other users.  The example of trucking industry, which deals with many variables as well, was cited.

· It was noted by one participant that there may be unforeseen consequences of any action taken to improve lockage efficiency.  The examples cited were 1) more demurrage in New Orleans and 2) grain elevators expanding hours of operations, but not the amount of product loaded, increasing their costs.

5 Measure #1, Lockage Fees 

5.1 Detailed Description

5.1.1 Lockage fee options

This measure would provide an incentive for faster lockages and thereby reduce one potential cause of congestion.  It is not prescriptive in terms of equipment, crew, and operations improvements, but would encourage operators through financial inducements.  ACOE data indicate that “maneuver time”, i.e., the time spent by the operator breaking and re-making double-cut tows, varies widely.  Lockmasters and operators have also indicated in interviews that training and equipment are key factors in the efficiency of tug-tow crews conducting these operations.  Maneuver time for a two-cut tow is depicted in Figure 5-1.  
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Figure 5-1

ACOE Time Tags and Maneuver Time

The two options originally considered for lockage fees were:

· Straight lockage time fee (Strawman 1A), in which the charges on maneuver time begin at t = 0, that is, at the moment the lockage begins.  

· “Excess lockage time” (Strawman 1B) fees.  The fee mechanism in the excess lockage time option is to charge only for maneuver time in excess of a given floor, so that the slowest operators are encouraged to improve their times.  Project staff selected a floor, or benchmark, time equal to the third quartile boundary for two-cut tows, to be calculated separately for each lock.  The two rate regimes are presented graphically in Figure 5-2.  

The rate ($/minute) would be higher for 1B than for 1A, but would not start until a predetermined floor time for each lock.  The initial proposal is to set that floor time at the 3rd quartile (75%) of all lockage times for double cut tows at the particular lock.  In other words, if the charge system were now in place and lockage times did not change, the slowest 25% of tows would pay some charge.  The charge would also apply to single cuts, jackknifes, setovers, etc., in the less likely events that they exceed the floor time.
In both options, the nature of the charges would be as follows:

· Charges would only be assessed when there are tows in queue.

· The rate would be need to be substantial in order to provide the desired incentive to improve performance.  The working assumption is that the rate would be equal to the cost of operating a tow boat and a 15-barge tow, according to the rates established by the ACOE’s “Shallow Draft Vessel Operating Costs” memorandum (2000).

· Chargeable time would not include those times given over to lock operations by ACOE personnel, e.g., gate operations and filling and emptying the chamber.  

Figure 5-2

Strawman 1A and 1B

Chargeable Lockage Time Fee Structures
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5.1.2 Excess lockage time fees

The ACOE and the Volpe Center agreed to select “Strawman 1B” for two reasons:

1. Strawman 1A would charge all tows, regardless of their efficiency, rather than targeting the slow, inefficient operators that cause excessive delay.  This would be unfair to operators whose efficiency benefits all using the system.

2. Strawman 1B provides the incentive to improve slow operators by moving them from the 4th quartile to the 3rd quartile.  This should not unduly encourage unsafe behavior, since there is no evidence that maneuver times in the 3rd quartile are inherently risky.  Strawman 1A could encourage all tows to go faster, even those now in the first and second quartiles, where reducing initially quick times may increase risk.

Implementation of Strawman 1B would likely entail the following elements:

1. For industry

· Provision of improved equipment or training by inefficient operators to avoid payment of excess time fees.  

· New equipment maintenance requirements and expense.

· New training requirements for tow personnel in the use of new line handling equipment.  

· Payment of fees in those instances when maneuver times are in excess of the established historic third quartile floor.  These floors would not change over time, in other words, there would not be a floating standard subject to change over as operators (presumably) improve their maneuver times.

2. For the ACOE

· Setup of a data management and fee collection system, including an office staffed with 2 personnel, and the necessary computer hardware and software, office space, and office supplies.

· No substantive changes in the data collection system at the locks.  The time “tagging” as currently operated would suffice, with modest post-processing by the aforementioned program office, for assessing performance and levying fees.  It is assumed that lock and dam staffing requirements would not be affected by this program.

· A protocol for waiving the fee due to circumstances beyond the operator’s control, e.g., ice, tornadoes, fog, high winds or thunderstorms, causing operational slowdowns and excess lockage time.  This would require the attention and judgment of lock personnel.

The last point would be a very important consideration for both industry and the ACOE.  Industry would obviously quite keen to avoid paying the fees when external circumstances cause long maneuver times.  The Corps’s lock personnel would become the system’s arbiters, passing judgment in effect on the responsibility and performance of tow operators under varied and numerous sets of conditions.  The protocol would provide guidance to lock personnel for the many events and factors reported by Lockmasters to affect maneuver times.  In addition to weather, heavy current and outdraft conditions can affect the time it takes to get the head of the tow into the chamber at the start of the lockage.  Lock staff still occasionally must give a towmaster three tries to get the entrance completed, after which they insist on a helper boat.

Accidents at the locks also result in service interruptions.  Project staff found that LPMS data did not provide good information on the nature of service interruptions.  Anecdotal evidence indicates that a high proportion of the accidents are tows hitting and damaging the lock gates.  There are also mechanical breakdowns of lock equipment and other incidents, for example, a waterlogged tree jamming a gate mechanism underwater.

5.2 Benefits

5.2.1 Delay time calculations

5.2.1.1 Maneuver time analysis

LPMS data were the basis for historic (2000 - 2002) maneuver time analysis, executed for each lock and year, with the data points for all operators sorted into quartiles.  A graphic example appears in Figure 5-3.

Figure 5-3

Maneuver Time (hours) Distribution, Lock 25, 2000
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This was followed by a sort of the two cut tows on a company basis, resulting in the proportions of individual companies’ tows that fell in the 4th quartile maneuver times (for each lock and historic year).  An example appears in Table 5-1, showing all companies with seven or more two-cut tows through the lock for that year.  The example shows a low proportion of tows in the fourth quartile, as well as a low fourth quartile maneuver time average relative to the other operators, for Operator X (which has installed winches on all of its barges and as a consequence is able to make relatively fast cuts, when required).  This is of course not universally true for all locks and years, but the trend overall is better performance by tows with winches in use by Operator X.  

Table 5-1
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5.2.1.2 Delay time reductions 

The first step in the delay time reduction calculations is the tow prediction worksheet showing the numbers of tows, by lock, year (to 2056), and scenario.  An example with a sampling of years appears in Table 5-2.
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Table 5-2

Tow Predictions, 2000 – 2050, Lock & Dam 22, Scenario 4

The next step is the calculation of predicted time savings for the 4th quartile tows that convert to winches, referred to earlier as T4Q, NoW, 2-cut.  The historic average third and fourth quartile maneuver times and their differences, representing unit time savings, for all locks appear in Table 5-3.  

Table 5-3
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Then, the numbers of affected tows (T4Q, NoW, 2-cut) are multiplied by the unit time savings at each lock, that is, the difference between historic 4th and 3rd quartile maneuver time averages, carried out for the years 2007 – 2056 for each lock and each scenario.  An example for a particular lock and all scenarios appears in Table 5-4.  Note that Lock & Dam 19, 26, and 27 have no savings of time or delay cost because they have 1,200 foot chambers and do not process two-cut tows.  Likewise, the O’Brien Lock has a 1,000 foot chamber and also reported no two-cut tows.
Table 5-4
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The total maneuver time (may also be referred to as lockage time) savings in the system is the initial measure of the effectiveness of the fee system; total delay time savings result from multiplying those values by the expected queue lengths per lock.  The latter are derived from historic data (years 2000 - 2002) and are projected forward as constant values; delay costs grow very slowly in the provided scenarios, so queue lengths may conservatively be assumed to stay constant.  Table 5-5 shows the expected queue lengths, and Table 5-6 shows the totals for lockage time and delay time savings all locks for Scenario 5.  Delay time savings include the tows in queue and in the lock, so the value one is added to the queue length; a modest multiplier of 1.05 accounts for some potential savings among the more efficient tows.  Table 5-7 shows the system–wide totals for the five scenarios.

The total delay cost benefits due to lockage time savings accrue as well to all in the queues at the locks; the results of these calculations appear in paragraph 5.2.2.  Recall that only half the savings are realized in 2007 because of the assumed two-year installation schedule.  

The overall picture shows generally increasing time savings progressing downstream, as expected.  There are several apparent inconsistencies which are caused by two factors in the historic data, which are lock-specific-variations in the historic percentages of 1) two-cut tows and 2) Operator X tows.  A case in point is the Marseilles Lock; maneuver time and total delay time savings are significantly higher than for adjacent locks because average waiting time, average queue length, predicted tows, and difference between 4th and 3rd quartile maneuver times are all higher that for Dresden Island and Starved Rock.

Table 5-5
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Table 5-6
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Table 5-7

Total Maneuver and Delay Time Savings, UMR – IWW System, All Scenarios

5.2.2 Delay cost reduction calculations

The delay cost reduction calculation is the summed products of the time savings data set, the corresponding unit delay cost values derived from the ACOE baseline projections (both unique for every lock, year, and scenario combination), and the average queue lengths per lock derived from historic data.  A sampling of the tow unit time costs appears in Table 5-7, and the average queue lengths (numbers of tows waiting) for the locks, recorded for the years 2000 – 2002, appear in Table 5-8. 
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Table 5-8

Unit Delay Cost Values, $/hour

Table 5-9 shows a sample of the non-discounted delay cost savings for all scenarios, for UMR Lock & Dam 22, including several individual years and the total for the look period.

Table 5-10 shows the same benefit stream sampling and totals for the entire UMR – IWW waterway, with all values discounted at seven percent to the year 2000.  The largest benefits occur in the later years of the look period and are heavily discounted by the compounded discount.

Table 5-9
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Discounted Benefits, 2007 – 2056, All Scenarios

5.2.3 Other benefits

This analysis misses several potential benefits and, therefore, may be seen as conservative.  Foremost among these is the limitation of the assumptions in the analysis, that is, that the benefit will only consist of maneuver times decreasing from the fourth quartile to the third.  It is probable that reduced lockage times for other tows will result, e.g., from the third quartile to the second quartile.  Those tows did not fall into the historic fourth quartile maneuver times, but will improve to some extent because their companies would have to convert all of their barges.  The maneuver time data for Operator X, which has winches on its barges, show that its tows are also found less frequently than the norm in the third quartile as well as in the fourth quartile.

In addition, Operator X performance is assumed not to improve, that is, it will continue to place the same proportions of tows in the historic fourth quartile range.  The analysis constrains all other tows to those same fourth quartile percentages over the entire look period as well.  This is a prudently conservative assumption, but there is no compelling argument against other companies bettering Operator X’s historic performance.

There are also two benefits out of the scope of the analysis, but nonetheless potentially significant.  First, the initial rationale of Operator X for installing the deck winches was the reduction of personnel injuries (backs, shoulders, and knees) (personal communication, Michael Dyer (Volpe Center) with Operator X representative) caused by the old line handling systems.  A standard line handling system with mechanical assist from the winches could also have other safety benefits in terms of reduced fatigue.  The second out of scope benefit is that winches and associated improved training for tow personnel would also result in time savings, and monetary benefits, for companies during fleeting and other terminal operations.  

5.3 Costs

The cost calculation includes expenditures by both industry and the ACOE.  There are no costs incurred by other state, local or tribal government entities.  The cost stream runs from 2007 through 2056 and includes all capital and repeating (annual) costs.  

Where applicable, the costs are differentiated to reflect the varied growth trends represented by the five scenarios provided by the ACOE.  

5.3.1 Capital costs

5.3.1.1 Industry

Industry would incur capital costs under this measure, both in its startup phase and in equipment replacement cycles.  It is assumed that all companies would opt for installation of the manual winches on all their barges, to take place over two years at the start of the program’s implementation (2007 and 2008) and every twenty five years thereafter (i.e., 2032 and 2033).  The unit installation costs per barge appear in Table 5-11.  The costs and service life data are per conversations with Operator X and manufacturers of the winches.

Table 5-11

Unit Winch Installation Cost per Barge

	Four winches @ $1,500
	$6,000

	1” OD wire, approximately 60 linear feet
	$500

	Four deck doubler plates, installed
	$600

	Demurrage for time out of service
	$400

	TOTAL
	$7,500


The total winch installation costs for the look period and a sampling of the annual costs appear in Table 5-12, including replacement costs after the 25 year service life.  The table shows results for each of the five scenarios and also includes the total cost savings for replacement purchases of the currently used line handling system.  The unit cost of that system is $175, including a ratchet, wire rope with links and eyes, and a chain strap (FAX from Paducah Rigging, Inc., July 11, 2003).  Each barge carries an average eight sets to account for all longitudinal and transverse fittings needed for a fifteen barge tow.  The total cost of that equipment is $1,400 per barge.  It is assumed that ten percent of that equipment would otherwise have been replaced each year, based on a ten year service life.  

The affected barges number 19,971 in 2002, arrived at by subtracting the 2002 figure for barges in the Operator X fleet (1,949) from that for the fleet overall (21,920) (Sparks Companies, Inc., March 2003).  The fleet is assumed to grow in accordance with the annual rates shown for the five scenarios in Chapter 3.
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Table 5-12

Total Winch Installation Costs, Net Present Value

There is also the initial cost of training industry personnel at the beginning of the program.  No new hires will be required for the program, and the training thereafter is assumed to be no burden relative to current training activities.  The estimate for affected personnel is 10,125, based on an average crew size of ten persons per tow, 25 percent for relief crews, and 810 towing vessels in the inland fleet (ACOE data, sorted for vessels with 1000 or more horsepower).  The non-discounted cost of training is $405,000, based upon two hours of training per person at $20 per hour.  Assuming that half the training is conducted in each of the years 2007 and 2008, the cost discounted to 2001 is $279,560.

5.3.1.2 ACOE, others

The ACOE will incur capital costs for the startup of a new office to administer the fee collection program, including acquisition of office and computer equipment, office supplies, and office space.  The startup costs also include the hiring and training of two personnel (GS- 12 and GS-9) and the development of accounting and tracking software for the program (Table 5-13).  There will also be periodic re-capitalization costs for replacement of office equipment, computers in particular (every five years).  The total estimated discounted costs appear in Table 5-14.  

Table 5-13

ACOE Fee Collection Program Startup Costs
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Table 5-14
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5.3.2 Repeating costs

5.3.2.1 Industry

Maintenance of the new winches is estimated at 5% per year ($375 per winch).  It is reckoned for half of the winches in 2007, and all winches in the fleet every year thereafter.  

The cost stream is reduced each year by the avoided maintenance for the replaced line handling equipment.  This again is assumed as 5% annually of the new value of the equipment ($70 per barge).  The reduction is for half the barges for both 2007, then for the entire fleet in all years thereafter.

The implementation of the fee system and resulting installation of winches in the barge fleet will result in new training requirements for tow company personnel, only during the first two years of implementation.  There will be no new training or personnel costs in the following years, as the winch procedures training is assumed to merge into routine training programs.

Table 5-15 presents the repeating costs for a sampling of years in the look period.  The table includes all scenarios, representing the low and high ends of the range as predicted by the ACOE.  
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Table 5-15

Repeating Costs: Industry

5.3.2.2 ACOE

The ACOE’s repeating costs consist of the annual costs for operation of the program office, including personnel (GS-12 and GS-9), overhead, and administrative costs.  The annual cost of the program is estimated at $160,000.  These costs are the same for all scenarios.  The total present value cost is $1,929,239.

5.3.3 Total costs

Table 5-16 shows the cost stream by category, and totaled, for Measure #1 all scenarios.  It is evident that the fleet growth rates implied by the transit data sets for the five scenarios have a significant, though not dramatic, effect on both capital and repeating costs.  The highest capital cost, for Scenario 4, is 9.8 percent above the lowest, for Scenario 1.  Likewise, the highest repeating cost is 26.4 percent above the lowest, for the same two scenarios.
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Table 5-16

Total Costs, Measure #1

5.4 Focus Group Input

Project staff presented the two strawman measures and a partial set of maneuver time data to both the Operators and the Economists Focus Group meetings.  The comments of the Operators Focus Group were skeptical on the whole for reasons including fairness, operational variability due to environmental factors, and practical concerns.  The relevant comments were the following:

· Review of the maneuver time data raised the comment that the “unfortunate” (distributed among all operators) would be found in the lowest quartile, not the “inefficient tows”.  The Group suggested that Volpe Center examine recent data for an operator (“Operator X”) that has installed deck winches and compare with that of other companies.  Operator X has had deck winches since 1998.

· The Group stated that many factors beyond the operator’s control can affect maneuver times, including wind, fog, outdraft, ice, night operations, and rain.  The approach to the lock is subject to many variables as well, affecting maneuver times.

· The Group as a whole had strong concerns about safety, i.e., the effect of encouraging crews to work faster.  One operator commented that most injuries (80%) are incurred in line handling activities.  

· On the other hand, it was suggested that good behavior (lockage times faster than the 3rd quartile) be awarded with incentive payments.  The Volpe Center response was that this might indeed cause a safety problem by pushing already adequate performers to go even faster.  The point of selecting Strawman 1B was to bring the slowest maneuver times up to a reasonable performance standard without potentially compromising safety by encouraging overly fast lockages.

· There were several arguments against the measure:

· It would not punish the guilty, but rather the unlucky and would, therefore, not be an incentive for good behavior.  This, they felt, is because many environmental and operational factors can cause lengthy maneuver times, regardless of the efficiency of the operator.

· It might simply drive the bad operators to another river.

· Firms might transfer good crews to the UMR - IWW and bad crews to other waterways.

· Industry has incentive already to get through locks quickly, so the measure would not appreciably change matters.

The Economists Focus Group considered both Strawman 1A and Strawman 1B at once and made the following points:

· They stressed consideration of local differences at the locks.  Volpe Center responded that the proposal attempts to do so by using baseline “maneuver time” data for each lock.  It was suggested that the analysis must remove all factors other than bad performance before we analyze data, e.g., long lockages affected by weather and other conditions beyond the control of the tow operators.

· The Group suggested that the analysis examine company-specific data to see if the claim (by the Operators Group) that long lockages are evenly distributed among the various barge companies is true.  If so, then the argument that inefficient tows may just be people having an off day may be true.

· They agreed that tows in queue are harmed by inefficient tows, i.e., those who take the longest to complete lockages.

· The Group stressed the importance of assigning the correct opportunity costs of proposed changes, and also that the excess time charges accurately reflect the burden imposed on the system by inefficient operators.  It was further elaborated by one participant that the rates should be flexible and directly tied to the number of tows and other vessels actually in queue at the time the delay occurs.  For example, if there were five tows in queue, the operator using excessive time in the lock would pay for the entire delay as it is responsible for all five tows.

· Some in the Group also suggested that inefficient tows should directly compensate those whom they impact (i.e., those actually behind them in the queue).

· The Group also suggested that charges should only be assessed when there is congestion.  This could encourage the arrival of inefficient operators at a lock when there is no queue.

5.5 Summary 

Excess lockage time fees (Strawman #1B), as presented in this study, would entail the installation of new equipment on all barges and the training of tow company personnel in its use, as well as the initiation of a new program at the ACOE to track maneuver time performance data and levy and collect fees.  The ACOE’s cost would be insignificant compared to industry’s.  The range of estimated net present value costs for the five scenarios specified by the ACOE would be from $108.89M to $123.46M for industry.  The ACOE’s estimated costs would be $1.50M, regardless of the scenario.

The range of estimated benefits for the five scenarios specified by the ACOE would be from $5.12M to $6.42M.  The benefit – cost ratios appear in Table 5-17.
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Table 5-17

Benefit – Cost Ratios

The ratios indicate that the measure would not be cost-effective.  Several points bear discussion:

1. Industry will bear more than half the cost burden in the early years (costs therefore vary little among the five scenarios), while the large part of the benefits occurs in the later years of the look period and is heavily discounted.  Later, or slower, implementation by industry than suggested in the cost model would improve the picture; the ratios in Table 5-14 suggest, however, that a net benefit would still be unlikely.  Moreover, later implementation is contrary to the point of the non-structural measures, which is to maximize efficiency of the waterway instead of or before large scale structural measures.

2. The assumption that only the fourth quartile tows would have reduced lockage times is conservative.  A reasonable upper bound on benefits is found by expanding the benefit to tows currently in the third quartile.  Benefits would roughly double, given a similar average lockage time reduction and the benefit-cost ratios would be roughly 1.0.

3. Implementation by a smaller fraction of fleet would likely reduce the benefit – cost ratios significantly.  The cost reduction would be linear, but the reduced delay times would be reduced in greater proportion because of the interchangeability of barges and the likely mixing of barges with different lashing systems.  

4. Several potential benefits are not included in the calculation.  First, the possible improvement in maneuver times for tows not in the fourth quartile is not calculated.  This is a conservative element in the analysis.  Second, industry could accrue substantial benefits in the form of reduced personnel injuries and quicker fleeting and terminal operations.  The latter were not part of the scope of waterway efficiency benefits.

5. The lockage and delay time savings benefits range up to 152,158 hours and 935,251 hours, respectively, from implementation of this modest operational improvement when only the slowest maneuver times are considered.  If it is possible to get the same improvement by other, less costly, means, the benefit – cost ratios could improve.  Other means could include training, improved personnel pay and rotation policies, and other mechanical and operational innovations not currently known.

6. The analysis doesn’t account for any induced traffic which might enter the waterway as a result of the measure.  Such additional traffic would reduce the benefit, but its volume would likely be small since the efficiency improvement would itself be modest.

This measure has the potential to be practical due to its non-prescriptive nature, which provides a financial incentive to operators to improve performance without prescribing new technical or operational requirements.  It provides a financial incentive to operators to improve performance without prescribing new technical or operational requirements.  The potential time savings are modestly incremental for each lockage and are not likely to induce significant new traffic due to modal transport changes.  Finally, the effect on ACOE lock staff is likely to be minimal as well.  The time tag data needed for this program would be the same as currently collected.  

The measure’s primary drawbacks are the variety of factors external to the operator’s control that can affect lockage time; these were made abundantly clear by the Focus Groups.  Implementation would likely require a protocol to be followed by lock staffs to grant exemptions in such cases, e.g., when high winds adversely affect maneuver times.  

6 Measure #2, Tradable Permits
There is no cost and benefit analysis of the tradable permits measure due to the difficulty in developing a practical implementation framework in any detail, as well as the numerous practical objections raised by the Focus Groups.  Some in the Groups also suggested that the current and future situation in the waterway is characterized by lock operations at or near capacity and that tradable permits – or any other form of scheduling – would not make an appreciable difference.

This chapter is therefore limited to a description of the tradable permit options developed by the Volpe Center, a brief analysis of the lock capacity issue, and a detailed report on the comments of the Focus Groups relative to tradable permits.

6.1 Description 

6.1.1 Tradable permit options 
Project staff developed three separate options.  “Strawman 2A” reflects the thinking of the National Research Council report and the practice of tradable permits as implemented at some U.S. airports, i.e., the acquisition and trading of time slots.  Strawman 2B is a formalized tradable place-in-queue permit system designed to alleviate some of 2A’s problems, and 2C is a more informal system where ad hoc trading occurs locally at the locks.  Brief descriptions follow.

Strawman 2A:  Tradable Time Permits  

· At the start of the year, permits would be issued to towboat operators and other major users based on the usage of locks during the previous year.

· Initial distribution of permits would be totally random (by lottery).

· Permits would cover all 24 hours a day, 365 days a year.

· No charge would be levied for initial permits.

· Permits cover explicit times for lock usage by lock (e.g., 9 am to 11:30 am, June 25, 200X, at Lock and Dam 26).

· Permits may be purchased, sold, or traded.

· The U.S. Army Corps of Engineers:

· Obtains permits for transit of government boats and recreational boats, making the system transparent for these two groups of users

· Obtains permits for scheduled maintenance of locks

Strawman 2B:  Tradable Place-in-Queue Permits 

· At the start of the year (however defined), permits are issued to towboat operators and other major users based on the usage of locks during the previous year

· Initial distribution of permits is totally random (by lottery)

· No charge is levied for initial permits

· Permits cover explicit places in any queue without reference to lock (e.g., a “Place 1 Permit” would allow its bearer to go ahead of anyone not also using a “Place 1 Permit”).  Order of boats using the same place-in-queue permit is “first come, first served.”  Boats without a permit may pass through a lock only after all those in the queue with permits have passed through, including those joining the queue subsequent to the boats lacking permits.  Put another way, boats lacking permits may only pass through a lock when there is no boat at the lock with a permit wanting to do so.

· Permits may be purchased, sold, or traded

· The U.S. Army Corps of Engineers 

· Obtains permits for transit of government boats and recreational boats, making the system transparent for these two groups of users

· Obtains permits for scheduled maintenance of locks

Strawman 2C:  Tradable Permits at the Lock

· Tradable permits are handed out on a first-come, first-served basis to those in the queue at a particular lock by the lockmaster.  

· The permits identify the place each tow has in the queue.  

· Towmasters may trade their permits, as appropriate

6.1.2 Tradable time permits 

Project staff considered Strawman 2A carefully and identified the specific implementation needs and potential problems with tradable time permits.  The specific program implementation needs would include:

· Tradable permits representing passage through a particular lock at a specific time on a specific day, which may be bought, sold, or traded, are randomly distributed annually to tow operators, passenger vessel operators, and the ACOE (acting for itself, all government boats, and all recreational boats).

· To help assure that no company gets an upper hand, allocation of permits should be by month and potentially by lock, as well.

· Government agencies (e.g., the USCG) may choose to act for themselves, rather than have ACOE do that.  The ACOE should have the option to require that other government agencies act for themselves rather than having the ACOE act for them.

· Permits will be assigned at random by lottery based on what a user of the UMR or IWW did during the previous year.

· The ACOE will get slots based on use by the government (assuming that government agencies wish the ACOE to act for them and the ACOE wishes to act for those government agencies), recreational users, downtime at the locks, plus all time not accounted for by all other users (i.e., time when the locks were not in use during the previous year) 

· All time slots for the entire year must be allocated because it cannot be determined before the start of the year when and where congestion will occur.  Someone will therefore “own” each slot.

· General approach to handling the permits:  

· At the Operators Focus Group meeting, there was quite a bit of resistance to this measure, partially because of the way it was indicated that the permits would be handled (i.e., as paper tickets).  An alternative with fewer problems was needed.

· The alternative is for the system, as currently envisioned, to be entirely computerized, with the ACOE operating the system.  The following features would need consideration:

· System redundancy so that failures of a single computer, the electricity powering that computer, or the communications link with that computer would not shut the UMR and IWW down

· System security to prevent hackers from corrupting information contained by the system

· Open system, so that anyone with access can see who holds what permits.

· Access by permit holders to their accounts (and no others)

· Everyone having the right to buy and sell permits will have an account.

· Everyone having the right to buy and sell permits will have unique identification numbers (these are in addition to passwords and account IDs).

· Users the previous year will automatically have the right to buy and sell permits, and will have accounts established for them on the ACOE computer by the ACOE.

· New entrants into the business will need to apply to the ACOE for a computer account and a unique identification number.

· To buy a permit, a tow operator will need to contact the person listed on the ACOE computer as having that permit.  Once a mutually agreeable price has been reached, the person with the permit will then log onto their ACOE account and transfer the permit to the buyer using that buyer’s unique id number.  

· The transaction can be rejected by the buyer within so many minutes of the transfer (this is to handle mix-ups concerning the permit that was being purchased) with the sale being held null and void because of that rejection.

· The tow operator informs the tow of the relevant permit for passing through a particular lock (with particular emphasis on the time).

· The tow operator also enters the name of the towboat that will be using the permit into the ACOE database (the name of the towboat can be changed up until the point that the permit is used at a lock).

· The lockmasters check the database to make certain that boats in the queue have permits, informing those without that they’ll need to get a permit.

· Lockmasters organize the queues at their locks according to the times on the permits.

· Permits must be used at the time on the permit or they automatically expire – either the tow or boat on the permit is there and ready to use the permit or it loses its place in the queue.

· Lockmasters may, at their discretion, allow others to use time slots covered by expired or unused permits, including government boats or recreational boats.

· Lockmasters may, at their discretion, use time slots covered by expired/unused permits to service their locks.

· Boats arriving after the start time of their permit will be allowed to use the lock only at the discretion of the lockmaster, only if they have sufficient time in the judgment of the lockmaster to get through the lock before the next boat with a valid permit, and only if the lockmaster has not already given the time slot over to some other boat or use.  There is a question about time available before their designated start time.  If the tow can start nine minutes early, does the Lockmaster simply wave them on in? Or do they have to purchase that 9 minutes from the owner?  (This could repeat itself over many consecutive lockages.)

· The ACOE should not be allowed to sell permits except to those with traffic on the UMR or IWW and those who have established that they are going to do so (ACOE will not sell for planned trips, but will sell only for actual trips).

· Operators of any type with permits will be allowed to sell to anyone, including but not limited to middlemen, shippers, brokers, and speculators.  The ACOE will set up accounts for anyone to whom operators wish to sell permits.  It is presumed that operators know their business best and if they want to sell to middlemen, shippers, brokers, and speculators, the ACOE should not interfere.

Project staff also identified the following potential problems:

· Lock time may be wasted

· If a tow misses the time on the first of several permits needed for passage through a particular lock, then the time assigned to that first permit will be lost, unless the ACOE can put it to good use servicing the lock, moving recreational boats, etc.

· The next tow in the queue cannot start through the lock because the operator of the tow that missed its time still owns one or more valid (and consecutive) permits following the one it missed that it could potentially sell.

· The next tow in the queue would need to buy any valid (and consecutive) permits following the one missed before it can start to move through the lock.  It would also need to sell some or all of permits that it has accumulated for moving through the lock.

· If a tow takes too long in the lock for some reason, that can prevent the next boat from entering the lock.  There should be no “ripple effect” permitted in this case, which can make things very complicated indeed, since it directly impacts only one tow other than the offending tow.  The possessor of the permit covering the time infringed upon would lose the permitted time.

· If the next boat in the queue had multiple permits covering its passage and also if the offending boat doesn’t use the entire time on the permit that it infringes upon (i.e., it needs only 5 minutes of a 15 minute permit, the other 10 minutes might be lost time).

· If unplanned outages occur at the locks due to mechanical problems, accidents, or weather, this could cause operators to lose lockage time for which they have paid.  There should also be no “ripple effect” permitted in this case, since operators who have paid for permits that are for times after the reopening of a lock are promised use of the lock at that time.  The result could be court cases to resolve blame and establish proper restitution, some of which may involve the ACOE

· The pricing of permits traded between larger and smaller firms may be asymmetrical.  This could give larger operators an economic advantage over smaller operators, all other things being equal.

· The system of assigning permits to existing operators based on their previous year’s movements on the UMR and IWW would give existing operators an economic advantage over new operators on the UMR or IWW.  

· Existing operators would be allotted some permits for free via a lottery.

· New operators would have to purchase any permits that they need on the open market.

· This could represent a barrier to entry for new tow operators or passenger boat operators on the UMR or IWW.

· This measure may require additional activities by the ACOE that will necessitate increases in its budget and staff.  These would be:

· Operating and maintaining the computerized permit trading system would be a new responsibility of the ACOE.

· Distributing permits at the start of the year would be a new ACOE responsibility.

· Trading permits to cover the passage through locks of some or all government boats, planned lock downtime, and the passage through locks of recreational boats would be a new ACOE responsibility.

· Problem situations at locks may increase for a while until operators get used to the new system.

· Operators whose permits have been made worthless by slow tows or other boats would doubtlessly feel that they are being penalized by someone else’s behavior, and rightly so.

· Operators whose permits have been made worthless by slow tows or other boats would need to move from the head the queue and assume a position on the river consistent with their new position in the queue (either the end of the queue or as obtained with permit(s) for a new time), which they may resist.

· Operators whose permits have been made worthless by slow tows or other boats may argue with the lockmaster, taking valuable time and making the lockmaster’s job more difficult.

6.2 Analysis

6.2.1 Operations

Twenty five “voyage profiles” were extracted from LPMS data in order to develop a picture of towing operations on the UMR – IWW.  The key data tag is the towboat vessel identification number (VIN), a datum collected at every lockage, along with barge and cargo data.  Figures 6-1, 6-2, and 6-3 show positions by river mile (dark blue lines) and tonnage of cargo (light purple lines) for three different voyages.  These figures are an indicator of the variable nature of voyages and the volatile nature of daily operations.  Cargo carriage patterns vary, and the reversals in direction show that tows must sometimes reverse direction in response to dispatchers’ requests.

In spite of consolidation and some vertical integration in the industry, most towing companies still operate on a “line haul” basis, as opposed to dedicated service.  Line haul is the river equivalent of coastwise tramping, that is, serving shippers and terminals as called.  Market forces affect operations daily, due to shifts in grain prices and freight rates, cargo switching between and among operators, and the individual decisions of individual farmers (grain storage on the farms has increased as the farms themselves have consolidated).
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Figure 6-2
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Vessel 570927 Voyage, 1999
Many environmental factors also affect transit, arrival, and lockage times, including channel width and depth, severe weather, wind and current, and fog.  A growing problem in recent years has been unscheduled lock service interruptions due to emergent maintenance and repair problems, as the scheduled maintenance backlog has grown.  Figures 6-4 and 6-5 show the daily variability in lock performance, measured in average service time, average waiting time, and numbers of tows and cuts processed.  The blue bars indicate the frequency and duration of service interruptions.  The maneuver time distribution for two-cut tows shown in Figure 5-3 is also instructive.  

The analogy of the UMR – IWW system to airport operations in the matter of tradable permits must be examined.  The term “slots” has a general meaning in air transport, describing available increments of time for takeoff or, more importantly, landing.  “Arrival rates” are set by the air traffic controllers for safe operations, and vary depending on the airport and conditions.  Unit slot times are assigned as the inverse of the rate, e.g., a rate of 60 landings per hour yields one minute slots.  

Bad weather can result in longer slot times and delays and trigger the FAA’s “ground delay program”.  Incoming flights are assigned the slots and landing times, on a first come, first served basis (as is the case at the UMR – IWW locks); flights are held on the ground at their departure airports .  If an airline has a number of those slots, it can “substitute” its own flights as it sees fit.  If a flight is cancelled and the airline cannot substitute, the traffic controllers can use the slot for another airline’s flight.  This practice is known as compression and does not result in a financial transaction between airlines (FAA, 2001).  These slot management procedures are traffic control in the tactical sense and require the broad authority and active participation of the air traffic controllers to succeed. 

Tradable slots are in place only at four “high capacity” airports.  The FAA has established limits on landing slots at those airports and has allocated the slots to airlines operating there.  The allocation is for a set number of slots every day.  The tradable slots are highly valuable commercial items (worth up to $2M each (GAO, 1996)), and are very tightly held because of the airlines’ natural desire to retain market share.  These slots are traded or sold only for strategic financial and operations advantage and, in fact, very seldom change hands.  Under the original “High Density Rule” of the late 1960s, tradable permits were found to be a barrier to entry at those airports for new or smaller airlines.  The AIR-21 Act was introduced in April 2000, with the eventual aim of phasing out slot controls, increasing airline competition and enhancing service provision to smaller communities.

Figure 6-4
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Lock 22 Daily Log, November, 1999

6.2.2 System capacity

Many in the Operators Focus Group felt that congestion and queuing have become an endemic problem in the system, and have reached the point where many locks are operating at capacity for much of the time.  This includes UMR locks 20 to 25 and, to a lesser extent, the other locks south of LD 13 in Clinton, Iowa, as well as LaGrange LD on the Illinois River.  Their conclusion is that any attempt to implement a master scheduling regime will fail to alleviate congestion and waiting times, because the key locks simply have insufficient unused time available for more efficient spacing of arrival and service times.  

Project staff undertook to test that premise with an analysis of the use of selected locks.  Its essence is to examine queuing lengths and aggregate service time as a percentage of total time available.  The discussion includes consideration of the ACOE’s “lock utilization” data. 

6.2.2.1 Approach 

LPMS data were the source of queuing status and length values, as well as the waiting time values.  Several high volume locks were selected: UMR #22 (MI221) and 25 (MI251), and LaGrange (IL081) and Peoria (IL071) on the IWW.  The data are sorted by month for each of the three source data years selected for this study: 2000, 2001, and 2002.  All arriving vessels are included in the data, except for recreational craft and Government vessels.  Outputs are:

· Queue events and average length of queue, and standard deviation

· Service time as a percentage of total time available.

Queue length and its standard deviation will give a picture of what the tow operator faces upon arrival at these locks, as well as an indication as to whether better predictability would could spread demand and shorten some queue times.  The service time calculations indicate the extent to which these locks have unused time which could be better used to schedule arrivals and shorten queues.

6.2.2.2 Results

The results for the four locks investigated indicate frequent queuing events (at least one per day, shown in purple) and queue lengths (number of tows in queue, shown in blue) varying by lock and month at all four locks during most of the operating season (Figures 6-6 through 6-9).  Queuing event is defined as any continuous period of time during which there is always at least one tow waiting for service at the lock.  Figure 6-10 shows average queue lengths and standard deviations for all locks in 2002.  Specific observations are:

· The average queue lengths are much longer on UMR Locks 25 and 22 and are consistently high from March through November.

· LaGrange and Peoria locks have frequent queue events, but these involve generally short queue lengths, except for the months of February and December, when traffic shifts over from the UMR.

· Unscheduled closures were not scrubbed from the data for this analysis.  It is evident that monthly data spikes for average queue length stem from long closures which result in very long queuing events, for example, July, 2002 at LD #25.  

· The trend overall for standard deviations shows that they generally exceed average queue length values.  These data indicate wide variability in queue length, some of which must be attributed to a year long sampling and the inclusion of queues resulting from unscheduled service interruptions.  It may be concluded, however, that towmasters cannot anticipate any consistency of queue lengths, even at particular locks at particular times of the year.

Figure 6–6
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Queue Events and Average Length, Lock 22, 2002
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Queue Events and Average Length, Peoria Lock, 2002


Figure 6-10

Average Queue Lengths and Standard Deviations,

All Locks, 2002


The analysis includes an examination of lock utilization as a percentage of all time for the four selected locks, on a month-by-month basis.  Lock utilization is the aggregate service time for all tows, including maneuver times, chamber time, and “between time” (lock operation between cuts of a two-cut tow).  The utilization ratio is arrived at by dividing that aggregate by all available time in the month (28, 30, or 31 days).  Note that lock closures and lockages for government and recreational vessels are not included in the numerator of the ratio and that the ratios would be slightly higher if those time were included.

Figure 6-11 shows the results for each month, averaged over three years.  The three year average minimizes the impact of long individual service interruptions in particular years.  The graph indicates that the lower locks on the UMR are quite busy from June until November (68 to 85 percent) and slightly less so in the spring.  Utilization rates in December, January, and February are much lower due to ice-out conditions, and the IWW takes up much of the slack during those months.

Figure 6-11

Lock Utilization Ratios, by Month, 2000 – 2002 Average


It is difficult to draw specific conclusions from these data, but the high standard deviation values for queue length and the utilization rates provide some positive indication for further study of at least a modest form of scheduling, such as the appointment system suggested by the University of Missouri St. Louis (Ronen et al, 2003).  80 to 90 percent utilization rates probably mean that the locks are at or very near full capacity for those months.  60 to 70 percent utilization rate indicates a busy month as well, but also the opportunity to spread demand into underutilized times, reduce average queue lengths, and reduce variability of waiting time.  Such rates will also be found at many other locks, particularly on the UMR, during many months.  Modest short term scheduling, e.g., two to four locks ahead for a through tow, could enable operators to save fuel and schedule events such as maintenance and refueling.

6.3 Focus Group Input 

6.3.1 Tradable Permits
The suggestion by the NRC Report that tradable permits are an important candidate non-structural measure occasioned their consideration in this study.  Project staff and the ACOE sponsor agreed that this measure could not be ignored, despite the scant practical detail provided by the NRC for application in this river system.  

Both the Operators and the Economists Focus Groups expressed negative opinions about implementing such a system on the UMR – IWW waterway.  Their objections can be summarized as follows:

1. River conditions are highly variable and are the cause of a great deal of lockage time variability.  This applies to some extent to conditions at the lock as well.  

2. Market conditions are also highly variable, affecting tow companies’ operations and the variability of lock arrival times on a daily basis.

3. There are serious practical difficulties attending the implementation of tradable permits (see earlier discussion identifying difficulties cited by the project team).  It was noted that this kind of system has been tried only a few times and has failed and been abandoned in nearly every case.  (Note: we believe the attendees were referring to the old FAA “high density rule”, adopted in December, 1968.  Those provisions have recently been superseded by the Air Transportation Improvement Act of 1999 which includes provisions increasing slots to promote competition at Chicago’s O’Hare International Airport, LaGuardia Airport, John F. Kennedy International Airport, and Ronald Reagan International Airport.)
The particulars of the Focus Groups’ comments appear below, grouped in the above categories.

River and lock conditions

The Focus Groups felt that river conditions negatively affect the predictability of arrival times for the following reasons:

· Time can be lost by having to run slowly down the river because the water is too shallow to run faster.  As a result of the lack of dredging, there are many areas where side by side navigation is not possible.  In other words, when two vessels may be in the same area they have to coordinate passing.

· Weather conditions can slow, and even stop, the movement of tows.  Bad conditions include thunderstorms, high winds, and fog.  Heavy fog is common on the Upper Mississippi River, and has a particular impact on navigation.  High winds affect all navigation, especially tows with empty barges, whose progress can in some instances stop altogether.  These are of course unpredictable events.  Material provided by one major operator showed weather delays averaging 10 hours for selected voyages between St. Paul and Mel Price Lock and Dam.

· The incidence of unscheduled lock and dam closures related to equipment failures has risen seriously in recent years (the Operations Group reported a 50 – 60% increase) due to reductions in ACOE operations and maintenance funding.  The Operations Group also felt that the numbers of closures for maintenance is going to increase significantly in the future.  There are also many unscheduled lock closures due to accidents, usually allisions caused by the tows damaging the gates or other equipment.

Market Issues 

The Focus Groups felt that market conditions negatively affect the predictability of arrival times for the following reasons:

· There are few dedicated tows (about 10 percent) running on a regular schedule.  These are generally liquid cargo movements, although some are aggregates or coal, in which cases the boats and barges stay together.

· Most tows are line-haul tows carrying mixed cargoes, whose predictability is very poor, because of the multiplicity of terminals (picking up and dropping off barges) and the day-to-day nature of orders from company dispatchers to tow masters.  These movements are difficult, if not impossible, to schedule.  The biggest shippers own their own barges, but their movements are also governed by the same market variables as others’.

· Both market conditions and the economics of the towing business drive particulars of vessel operations.  Specific observations are the following:

· Tows can operate to maximize profit or minimize cost, depending on freight rates.  One operator stated that his company's tows generally operate at five mph but run faster if higher freight rates justify it.  Otherwise, tow masters will move just fast enough to keep from getting passed when approaching a lock.

· Vessel operations costs include labor, maintenance and repairs (fixed costs), and fuel (variable cost).  If fixed costs are higher than variable costs, tows move faster.  If variable costs are higher, then tows make an effort to conserve fuel.

· When the UMR closes (usually in December), much traffic moves over to the IWW.  Some grain on the IWW during this time can be from as far away as western Iowa.  The uncertainty of the UMR closure date affects movements on both rivers.

· Grain transport is affected by many macro-market trends.  Shippers (farmers and terminals) may opt to sell grain to domestic feedlots, to markets requiring railroad transport, and for export overseas via the river system.  Export demand is currently about 1.6 billion bushels per year.

· Farmers sell in response to a myriad of factors including weather, world market prices, and short term liquidity (especially during planting season).  Expansion of on-farm storage has been significant, a big change in last 10 years.  This allows farmers to make economic decisions more independently than was previously the case.

· The variability of freight rates also drives shippers’ decisions in unpredictable ways.  Big shippers will sometimes buy barge transport well ahead of their actual need.  For example, hiring barges in September and paying demurrage until October on barges may be cheaper than hiring those same barges for transport down the river in October.

· Tradable permits, or any other master scheduling system, could have unforeseen effects elsewhere if the result is to more effectively spread tow arrivals and service around the clock.  For instance, grain elevators currently operate five (sometimes 6) days per week, and will load only during daylight.  Scheduling could cause increased costs by requiring extended operations at the elevators. 

Practical considerations

The Focus Groups felt that the practicality of implementation was questionable for the following reasons:

Strawman 2A (tradable time permits)

· Government bureaucracy will be required, and will cause things to slow down

· One operator argued that companies would need a person on each boat whose job it is to schedule, trade permits, etc.  Another felt that each company could require five to six people to support the program (buying and trading permits, etc.), since each towboat generally makes 3 lockages per day.

· Some thought it would create less efficiency, not more, that is, that the measure could actually reduce utilization because of excess unused time at the ends of lockages.

· The operators on the whole felt that the measure would not reduce congestion since much of the system is operating at capacity much of the time.

· There was also the concern that the tradable time permit system would allow big companies to squeeze out the smaller ones, since they could charge high prices for slots that the smaller ones desire (i.e., a barrier to entry).

Strawman 2B (tradable place-in-queue permits)
· The rationale for such a system is that tows with more valuable cargoes could buy higher slots in the queue.  There were several arguments opposed:  

· There are no valuable cargoes that really need to go first (or more quickly than others);

· The value of cargoes relates to the number and noise volume of telephone calls to the tow company regarding delivery;

· The carrier typically doesn’t know the value” of the cargo (and may have mixed cargoes), and so does not know its priority, if any.
· It was also argued that this measure would not address congestion and therefore should not be considered.

· This approach is not system-wide, because it focuses on small segments of the system, i.e., specific pools and locks.

Strawman 2C (tradable permits at the lock)
· Currently there is some trading of places in the queue, but only within certain companies.

· This is likewise a local measure only and unlikely to have any effect upon congestion.

6.3.2 Other forms of scheduling
Tradable permits are but one form of scheduling among several.  The Operators Focus Group felt that, in general, the variability and unpredictability of tow traffic in the UMR-IWW system, as discussed in the context of tradable permits, would be equally problematic for any form of scheduling.  At the conclusion of the Economists Focus Group meeting, several participants suggested that future study should be directed at further examination of an appointment system as suggested by the UMStL paper, investigation of possible improvements in the “N-up, M-down” sequencing approach (now in common practice at the locks), and consideration of some form of master scheduling.  These initiatives are left to the future discretion of the ACOE.

The scheduling appointment system advanced by UMStL could operate as follows.  When a tow exits one lock and/or starts moving towards the next lock it notifies the next lockmaster of its current position and its estimated time of arrival (ETA), and receives a time slot for a service appointment at the destination lock.  The current position of the tow can be verified via a GPS system, and additional policies to prevent abuse of such a system may have to be implemented.  (It has been noted that some operators already use GPS and that all will be required by law to have GPS at some point in 2004.)  If the tow misses the service appointment, it will have to wait until a time slot becomes available.  Operational efficiencies (most efficient operation in terms of fuel consumption) can be taken into account in the planning of the time slots.  If there are reductions in average service times or in the variability of service times by scheduling multiple movements in the same direction (either up or down the river), then sequences of such movements should be scheduled (as in current practice).

The major obstacle to scheduling is the fear of cheating, that is, ship operators not necessarily reporting their true geographical location and getting earlier passage times.  However, now this concern can be addressed with a GPS system that allows the lock operator to verify the location of each tow.  Scheduling would also require computer hardware and the development of computer software to manage the appointments.  Verification, as by GPS, may not be necessary with a tradable permit system, since the onus to arrive for the purchased slot time would be on the operator.

6.4 Summary 

Volpe Center developed three tradable permit options in detail for purposes of an assessment of the practicality of application on the UMR – IWW and for cost-benefit analysis; the options were tradable time permits, tradable place in queue permits, and tradable permits at the lock.  Tradable time permits were selected for in-depth investigation because it was the only option offering the possibility of waterway efficiency improvements, most closely approximated the intent of the NRC’s generally expressed recommendation for a permit system, and was most directly comparable to tradable permit systems in other transportation modes.  

We find that tradable permits, and other master scheduling systems, are fundamentally incompatible with the nature of this river transportation system, in particular the carriage of grain cargoes.  The LPMS data show, and the opinions of the Focus Groups agree, that river and lock market conditions are highly variable and are the cause of a great deal of arrival time and lockage time variability.  Most importantly, market factors, for grains in particular, have a constant effect on tow companies’ operations and the variability of lock arrival times, which often change on a daily basis.  

The river system, including the locks and the towing companies, operates as a responsive service to the grain shippers.  There are basic seasonal trends (e.g., ice-in and ice out, harvest times) that drive macro-traffic patterns on these rivers, but decisions on cargo shipments are driven on a daily basis by world markets and by individual farmers’ economic needs.  The latter factor has grown in importance in recent years because grain storage on farms has increased dramatically, giving the farmers more flexibility to sell and ship according to their own needs. 

All these factors combine in a system that is, as the NRC review pointed out, very unpredictable.  The point of any form of master scheduling would be to bring more predictability to the system, and is inimical to the fundamental manner in which shippers, and, therefore, towing companies, respond to market and economic forces.  Only by changing this response mechanism could a scheduling system be put in place.

A tradable time permit system seems to offer scheduling with more flexibility to adjust to changing circumstances.  The NRC apparently felt that this was the case with tradable permits for takeoff and landing slots at the nation’s busiest airports.  The analogy lacks validity, because of the “tactical” and frequent trading of slots that would be necessary to address schedule volatility on the UMR – IWW.  The tactical management of slots at airports, including the four high capacity airports, addresses daily disruptions due to weather or mechanical problems and is not attended by financial or trade considerations.  The system works because the FAA’s controllers have authority over incoming flights (the lockmasters’ authority, by contrast, is limited to areas closely proximate to the locks), and due to nature of repetitive daily flight schedules.

The frequency of time slot trades at high capacity airports is extremely low by comparison to what would be expected in a prospective system on the UMR – IWW.  Airlines operating at these airports each have a particular number of slots each day; those slots are traded or sold for strategic reasons, that is, when fiscal or operational priorities shift and the owner decides to decrease service at the airport.  

There was no cost and benefit analysis conducted because of the diverse operational, market, and environmental obstacles, the lack of any tried and proven tradable permits approach in any other inland waterway, and the lack of implementation specifics offered by the NRC review.  Getting traffic to flow in a repeatable and predictable manner is an imposing and necessary prerequisite.  It is possible that reconfiguring cargo storage and terminal infrastructure below the lock and dam system would give shippers the market responsiveness needed while enhancing predictability of barge movements.  This possibility is suggested by the practice of some shippers of using barges as extra storage capacity at their facilities and paying demurrage (rental) on the barges.  This approach represents a fundamental change in river operations and is outside the scope of “non-structural” measures.

Some have also expressed the opinion that an attempt to implement any kind of master scheduling system would fail to alleviate congestion and waiting times, because many locks are at or near full capacity use and have insufficient unused time available for more efficient spacing of arrival and service times.  
The project team tested this premise with an analysis of queuing frequency, length of queues. and service time.  The analysis revealed wide variabilities in queue length, as indicated by high standard deviations and indicated that that towmasters cannot anticipate any consistency of queue lengths, even at particular locks at particular times of the year.  Furthermore, the analysis of lock utilization rates for the years 2000 – 2002 shows that, while the busiest locks do operate at or near capacity during some months, most locks have some periods of time during which they are busy (60 – 70 percent utilization, with frequent queuing events and long queues) and nevertheless have significant unused capacity.

There is, therefore, an indication that smoothing out arrival times could tap unused capacity and shorten queues.  Since the Focus Groups have made clear that any form of master scheduling is infeasible for the operations in this waterway, attention should be focused on a more modest approach, similar to the appointment system advanced by the University of Missouri, St. Louis paper (2003).  The ability of operators to call ahead one or more locks could result in more efficiently conducted voyages, from the standpoint of fuel consumption and scheduling of other necessities such as maintenance.  Additional benefit could accrue if an excess lockage time fee system were also put in place, so that inefficient operators could avoid queues and fees by scheduling for slack times.  The costs and benefits of an appointment system were not quantified.

7 Benefit – Cost Results and Other Findings 

7.1 Measure #1: Excess Lockage Time Fees

Excess lockage time fees (Strawman #1B) would not be cost effective, in the case where all operators attempt to avoid the fees through installation of new line handling equipment on all barges and enhanced personnel training.  The range of industry’s estimated net present value costs for the five scenarios specified by the ACOE would be from $135.23M to $156.27M.  The ACOE’s cost, to track maneuver time performance data and levy and collect fees, would be insignificant compared to industry’s.  The ACOE’s estimated costs would be $1.99M, regardless of the scenario.

The range of estimated benefits for the five scenarios specified by the ACOE would be from $13.69M to $46.82M.  The summary data appear in Table 7-1.

Table 7-1

Benefit – Cost Ratios, Excess Lockage Time Fees

The cost does not vary greatly among the scenarios because it is borne largely in the early years, while most benefits occur in the later, heavily discounted, years of the look period.  Implementation by a smaller fraction of fleet is not likely to change the benefit – cost ratios significantly since the benefit as calculated is linear.  The benefits calculation is subject to several caveats.  On the other hand, the conservative analytical approach excludes potential improvement in maneuver times for many currently efficient tows.  Neither does the analysis include benefits to industry in the form of reduced personnel injuries and quicker fleeting and terminal operations.  

This measure could result in lockage and delay time savings of up to 152,158 hours and 935,251 hours, respectively, between 2007 and 2056, as proposed.  This is a significant effect and if it is possible to get it by other, less costly, means, then the benefit – cost ratios could improve.  Other means could include training, improved personnel pay and rotation policies, and other mechanical and operational innovations not currently known.  It would not likely result in net benefit if smaller proportions of operators take such action and choose to pay the fees (a transfer cost in any event).  

The modest efficiency gain is not likely to result in induced new traffic in the waterway, and the analysis does not include such.  

7.2 Measure #2: Tradable Time Permits

The Volpe Center finds diverse operational, market, and environmental obstacles stand in the way of overarching scheduling systems on the UMR – IWW, even a tradable permits approach which attempts to provide some flexibility.  The river transport system is a service for cargo shippers, who are highly responsive to world market and local economic pressures, in a volatile operating environment.  There is, therefore, a great deal of variability and lack of predictability in arrival times and lockage times.  Market conditions in particular affect tow companies’ operations and the variability of lock arrival times on a daily basis.  

The Volpe Center finds that scheduling systems, including tradable permits, are infeasible for this waterway unless the essentially responsive and flexible nature of its service to shippers is changed in some basic ways.  It is possible that reconfiguring cargo storage and terminal infrastructure below the lock and dam system would give shippers the market responsiveness needed while enhancing predictability of barge movements, as suggested by the use of barges as storage at shipping terminals.  This approach was outside the scope of the non-structural measures study.
The implementation of the tradable time permits proposal was found to be highly impractical from the administrative, financial, and operational viewpoints.  There is a strong possibility that tradable permits could decrease lock efficiency by causing available time to go unused.

The NRC felt that a tradable time permit system could offer scheduling with more flexibility for the rivers’ changing circumstances.  The analogy to the airport model lacks validity, because of the “tactical” and frequent trading of slots that would be necessary to address schedule volatility on the UMR – IWW.  The daily tactical management of slots at airports addresses schedule disruptions and is not attended by financial or trade considerations.  The system works because the FAA’s controllers have authority over incoming flights in contrast to the lockmasters’ very limited authority, and due to nature of repetitive daily flight schedules.  It should be noted that the lockmasters and industry associations such as the River Industry Action Committee do in fact exercise a great of tactical waterway management through sharing of lock and queue status information, “n-up, m-down” sequencing of tows through locks, and informal appointments at nearby locks allowing efficient tow transits.

Slot trading among the airlines only occurs at high capacity airports for strategic fiscal or operational reasons; the frequency of these trades is extremely low by comparison to what would be expected in a prospective system on the UMR – IWW.  

There was no cost and benefit analysis conducted for the foregoing reasons, the lack of proven tradable permits approach on any inland waterway, and the lack of implementation specifics offered by the NRC review.
Many felt that any attempt to implement any kind of scheduling system would fail to alleviate congestion and waiting times, because many locks are at or near full capacity use and have insufficient unused time available for more efficient spacing of arrival and service times.   

The project team tested the latter premise with an analysis of queuing frequency, length of queues, and service time.  The analysis revealed wide variabilities in queue length, as indicated by high standard deviations and indicated that that towmasters cannot anticipate any consistency of queue lengths, even at particular locks at particular times of the year.  Furthermore, the analysis of lock utilization rates for the years 2000 – 2002 shows that, while the busiest locks do operate at or near capacity during some months, most locks have some periods of time during which they are busy (60 – 70 percent utilization, with frequent queuing events and long queues) and nevertheless have significant unused capacity.

7.3 Other Matters

While it is clear that long term advance scheduling is not compatible with operations that can change on a daily basis, there appears to be an opportunity to put a more modest measure in place.  The congestion and capacity analysis gives an indication that smoothing out arrival times could tap unused lock capacity and shorten queues.  The analysis was based on recent historic data and does not project future unused capacity.  Recent growth rates and the ACOE’s traffic projections indicate, however, that a similar pattern is likely in the near future (five to ten years).

The appointment system suggested by the University of Missouri, St. Louis would give operators, particularly those engaged in through voyages, the ability to call ahead one or more locks and might be an effective alternative to master scheduling for reducing the variability and length of queuing times.  This practice now occurs on an informal basis at some locks during busy periods.  It could allow for more efficiently conducted voyages, from the standpoint of fuel consumption and scheduling of other necessities such as maintenance.  Additional benefit could accrue if an excess lockage time fee system were also put in place, so that inefficient operators could avoid queues and fees by scheduling for slack times.  The costs and benefits of an appointment system were not quantified.  The implementation details of such a system should be investigated.
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