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NATIONAL WATERWAYS STUDY

EVALUATION OF THE PRESENT NAVIGATION SYSTEM

PREFACE

This report is one of eleven technical reports pro-
vided to the Corps of Engineers in support of the National
Waterways Study by A. T. Kearney, Inc. and its subcon-
tractors. This set of reports contains all significant
findings and conclusions from the contractor effort over
more than two years.

A. T. Kearney, Inc. (Management Consultants) was the
prime contractor to the Institute for Water Resources of
the United States Army Corps of Engineers for the National
Waterways Study. Kearney was supported by two subcontrac-
tors: Data Resources, Inc. (economics and forecasting)
and Louis Berger & Associates (waterway and environmental
engineering).

The purpose of the contractor effort has been to pro-
fessionally and evenhandedly analyze potential alternative
strategies for the management of the nation's waterways
through the year 2000. The purpose of the National Water-
ways Study is to provide the basis for policy recommenda-
tions by the Secretary of the Army and for the formulation
of national waterways policy by Congress.

This report forms part of the base of technical
research conducted for this study. The purpose of this
report was to evaluate the capability of the present
waterway system to handle current and projected waterborne
commodity flows. The results of this analysis were
reviewed at public meetings held throughout the country.
Comments and suggestions from the public were incorporated.

This is delivrable under Contract DACK 72-79-C-0003. It reprsents the output to satisf y
the requirements for the deliverable in the Btsteent of Week. This report constitutes the
single reqcirement of this Project Element, completed by A. T. Kearney, Inc. avd its Primy
subcontractors, Date Resources, Inc. and Louis Bger amd Associates, Inc. The primary -i
techi l rk on this report wes the responsibility of A. T. Kearney, Inc. This docuent
supercedes all deliverable woking ppers. This report is the sale official deliverable
avilable for me under this Proect lament. t
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I - INTRODUCTION

Evaluation of the Present Waterway Sytem is one of 11
reports prepared by Kearney: Management Consultants, Inc.

in association with Data Resources, Inc. and Louis Berger

and Associates for the National Waterways Study (NWS).

The National Waterways Study is sponsored by the Institute
for Water Resources, United States Corps of Engineers.

The rest of this section is divided into:

- Study Objectives and Scope.

- Study Organization.

- Purpose and Organization of this Report.

- Public Participation.

- Organization of this Report.

STUDY OBJECTIVES

AND SCOPE

(a) NWS Objectives

The objectives of the NWS are to:

IDENTIFY AND ANALYZE ALTERNATIVE STRATEGIES
FOR PROVIDING A NAVIGATION SYSTEM TO SERVE
THE NATION'S CURRENT AND PROJECTED TRANSPOR-
TATION NEEDS.

For purposes of this study, strategies are defined as
alternative sets of policy and top management directives
for taking actions to meet water transportation needs.
Transportation needs are defined as the changes in the
navigation system that would be required to handle current
and projected waterborne commodity flows safely and at a
marine line-haul cost consistent with the historical cort
relationship among transportation modes. The use of the
word "needs" is not intended to suggest changes in the
navigation system which must be undertaken at any cost.

14
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In requesting the Corps to undertake this study, the
Congress is seeking to obtain information on the broad
options available to it for meeting the needs of water
transportation users through the year 2000. In contrast
to the normal congressional review of individual pro-
jects, Congress, in requesting this study, is seeking
information about the nation's overall navigation system
and strategies to improve it.

(b) NWS Scope

In order to understand the scope of the NWS, it is
necessary to state what the NWS is not. NWS is not a
national transportation study. Strategies have neither
been identified nor evaluated with regard to shortfalls in
rail, truck, or pipeline capacity, even though, for
example, rail transportation bottlenecks, if unalleviated,
can be expected to affect greatly the growth and develop-
ment of individual coastal ports.

NWS is not a water resource study. The study was
designed from the beginning to formulate strategies for
meeting water transportation needs. Other uses of water
that compete with or complement water transportation use
have been discussed in a NWS report entitled Navigation
Relationship to Other Water Uses and the principal
findings of this study have been incorporated into the
methodology of this report.

Finally, NWS is neither a detailed plan for Congress
and the Corps to implement nor a project feasibility
study. Instead, the NWS is meant to identify and evaluate
the basic options available to Congress, the Corps, and
other maritime agencies for meeting current and projected
water transportation needs.

(c) System Baseline

For purposes of this study, the present waterways
system is defined as the currently used waterways system
as of December 1978. However, the following commercial

15



navigation projects that are funded for construction or
under construction have been included in the present
waterways system: the completion of the Tennessee-
Tombigbee Waterway; the completion of the Red River; the
completion of the 12' channel deepening project on the
Lower Mississippi between Cairo and Baton Rouge; the 1200'
by 110' lock replacement project at Lock and Dam 26 on the
Mississippi at Alton, Illinois; the Vermilion lock
replacement project on the Gulf Intracoastal Waterway
West; two lock replacement projects on the Ouachita River;
and a second lock chamber at Pickwick Lock and Dam on the
Tennessee.

It should be noted that the "present waterways system"
examined in NWS is primarily the collection of active
federal navigation projects presently in existence. This
is not the same thing as the "waters of the United States"
or the "navigable waterways" of the United States defined
for regulatory purposes. For NWS purposes, the present
system includes federal waterways which either carry
traffic or incur costs charged to navigation and are
recorded in the NWS inventory. Also included in the
present system for NWS purposes are some non-federal
facilities, namely the New York State Barge Canal system
and the Canadian portion of the St. Lawrence Seaway,
including the Welland Canal.

For reporting purposes, the present waterways system
has been divided into 22 geographical areas. These 22
areas have, in turn, been divided into 61 segments for
analysis purposes. Exhibit I-1 presents a listing of
these regions and segments. Waterborne commodity flows
are presented later in this report for reporting purposes
in 14 commodity groups. These 14 groups are, in turn,
aggregations of 48 analytical commodities. Exhibit 1-2
presents a listing of these commodities.

STUDY ORGANIZATION

In order to meet the NWS objectives, a series of
technical analyses and integration steps had to be
completed. Figure I-A depicts the NWS work plan finalized
in June of 1979 and the manner in which the pieces of the
study fit together.

16
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Figure I-A

National waterways Study Elements
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As can be seen by this figure, the NWS has been divided
into 14 "elements" involving efforts by the contractor,
IWR/NWS team and the Corps field organization. Public
involvement has been sought throughout the NWS. Element A
served primarily as input to Element KI. Elements C, D,
E/F, G, and M all provided input at varying levels to the
commodity flow projection process of Element B. In
addition, Elements D, E/F, Kl, G, and M provided input to
Element K2, the evaluation of the present waterways system.

PURPOSE OF THIS REPORT

Element K2, the portion of NWS which is the subject of
this report, is a key "integration" task. Its purpose is
to evaluate the capability of the present waterway system
to handle current and projected waterborne commodity flows.

(a) Present System
Evaluation

Evaluation of the present waterway system is based on
four scenarios of future waterborne commodity flow projec-
tions and several sensitivity analyses. For purposes of
the NWS, scenarios are collections of assumptions about
related factors in the economy, society, or government
that, taken together, affect the future use of the
waterways for transportation. Sensitivity analyses are
undertaken to determine whether different study conclu-
sions are reached if changes in key assumptions are made.

The integration processes of Elements K2 and L are
depicted in Figure I-B. As can be seen by this figure,
the prior technical work of Elements A, B, C, D, E/F, Kl,
G, and M is represented by forecasts of potential future
use of the waterways and estimates of waterway capability.
The K2 effort involves determining water transportation
needs by comparing forecasts of present and projected
water transportation use with estimates of the capability
of the waterway system.

18



Figure I-B

National Waterways Study
Summary of Project Flow
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(b) Objective of
This Report

Thus, the objective of this document is to determine
water transportation needs for the present navigation
system, which includes inland, Great Lakes, and coastal
waterways. The needs identified are not definitive in the
same sense that project level studies are definitive.
Disaggregation of national traffic forecasts cannot
reflect all local commodity movements. However, such an
approach can be used to generalize about the shortcomings
of the present waterway system and to identify and
evaluate broad strategies for action.
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Once needs have been determined in Element K2, action
strategies to meet these needs are identified and
evaluated in Element L.

This report presents findings and conclusions regard-
ing the ability of the present waterway system to handle
current and projected waterborne commodity flows. No
recommendations are made. Nor are strategies identified
or evaluated.

PUBLIC PARTICIPATION

Public participation was an integral part of the
process of formulating the Element K2 findings. A public
forum was held in Washington, D.C. on September 4, 1980.
The purposes of this forum were to present for public
review the preliminary conclusions from prior technical
work as well as the methodology and preliminary findings
regarding the evaluation of the present waterway system.
As a result of this meeting, additional data on new
commodity flows and capacity at specific locks were
obtained.

Public briefings were also held on November 13, 18,
and 19 in Washington, D.C., St. Louis, and Portland,
Oregon. The purposes of these briefings were to present
for public review the preliminary findings of the
evaluation of both the present waterway system and the
four NWS strategies for action. Public comments were
explicitly solicited regarding the type of sensitivity
analyses to be conducted by the contractor before
completing this report.

ORGANIZATION OF
THIS REPORT

The rest of this report is divided into the following
five sections and six appendices:

1. Section II presents the analytical framework
upon which the evaluations of the present system for
meeting needs is based.
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2. Section III describes the purpose and develop-
ment of the four NWS scenarios and three sensitivity
forecasts.

3. Section IV discusses the factors affecting
the transportation capability (capacity, safety, and
line-haul costs) of the present navigation system.

4. Section V presents the findings of the
evaluation of the present navigation system. The locks
constraining future traffic are identified. The ton-mile
costs of water transportation, potential safety problems,
and the results of selected sensitivity analyses are all
also presented in this section.

5. Section VI presents the conclusions from the
evaluation of the present navigation system.

6. Appendix A (published under separate cover)
presents the forecasts for four scenarios at the reporting
region level. For reporting purposes, the national
waterways have been divided into 22 separate regions.

7. Appendix B is a discussion of the relation-
ship between the lock capacity analysis performed in
Element K1 and the subsequent analysis performed in
Element K2/L.

8. Appendix C is a discussion of the metho-
dology for calculating lock capacity and a presentation of
the base-year data for all commercially important locks.

9. Appendix D is a discussion of the metho-
dology for calculating line-haul costs of domestic marine
operations and a presentation of the data used to compute
line-haul costs.

10. Appendix E contains sensitivity analyses of
capacity estimates for selected locks.

11. Appendix F contains an analysis of obsolete
locks.

Throughout this report references are made to other
NWS Elements and reports. The purpose of this report is
to draw on prior work as well as to present current
analysis. This report does not duplicate prior efforts

21



nor deal with various issues in the same depth of detail
as prior reports. Readers who desire more information on
some of these issues should refer to the other NWS Element
Reports.
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II - ANALYTICAL FRAMEWORK

This sectiou is divided into two parts:

- Sources for the Integration Framework.

-- Description of the Integration Framework.

The first presents the sources upon which the integra-
tion framework for evaluating the present waterway system
is based. The second explains the principal components of
the final integration framework developed for this study.

SOURCES FOR THE
INTEGRATION FRAMEWORK

As discussed in the Introduction, the purpose of
Element K2 is to integrate the technical findings and
conclusions of prior NWS work in order to evaluate the
capability of the present waterway system to meet present
and projected water transportation use. A number of
sources have Veen used to develop the integration frame-
work presented in this document. The initial development
of the integration framework began with the Study Workplan.

Figure II-A presents the original version of the
integration framework as developed in the Study Workplan.
This original version provides the key components of the
integration approach and is presented here to provide doc-
umentation of how the integration process itself evolved.

As can be seen by Figure I1-A, it was originally envi-
sioned that there would be up to 10 scenarios -- corres-
ponding to the 10 numbered columns at the top of the
matrix. Each scenario was to be defined by specifying
assumptions about "uncontrollable" factors. These are
factors that, on the one hand, can be expected to influ-
ence the use of the waterways for transportation and, on
the other hand, are not within the control of water trans-
portation planning and management. Examples of these
factors include macro-economic conditions and industry
conditions.

33

.,.



Figure Il-A

STUDY WORKPLAN//// //
INTEGRATION FRAMEWORK / 7~

rqm/ mm X
MlWC=Q =C: Applosbl

of /y -0 -a nr-e-

_ona o 'et

WllzkXm*-L PCLi

£nostoya .1u ttt erer

of ~ ~ ~ =~ osr; aeoa-tae

* SE I
MIL'A1T & S~ATMAM ES~2TRAW WF:C- to>E

Stt y qv ot rcstssctE=o ats

wih-t c p re t s7SZd t and creer st't

I t t

LA A:1 AM'TIV =5

3h~fPATE.I SL SCmmy DET'C SISIC aco

M.7.. IONE ZASLI.RS APFL= MO ASSESS AM. to -'S ' . I
:ISALO~f1m S OF EALo.S,A T ',0 niE- 3-VZT -

F-3RS M Ely E1111 SC-2,R:C
APpl..t. cmanbe r~Aetrai. reaa. ws totsosI
i.usoatad by :. R,

EVBL=OIES ASSS K--:. EE 7-aSEA'SM
CATLEflRIS PM=PZV I% EOUNZ:PIS A0SEZAZ

.s TPASR BY "'m_ -'"=LS

'asfM44 rrc%0 ,2'TPAE S)AYS 2 V:
ASERSo2 IMf SC..AA AMWZ 13S5 "AM =

mh &2 rE SIZEP a S7 PEE ia

EWIT-MATISHKIP E'S'S (I -- CE GYlSa SEESi AS IoI
T'M AMA SMW I'FYCPM XFMT.~ F= 'M PC
A~L1, MREATION~~,E SLTP.O £17.= L;
Fl, W.,AaxATC Mg= MEIM Or If-S ZM

:=M21ZO %GM ThPACS AN TLEZ-SOS

34



A forecast of projected use was to be developed for
each scenario. These forecasts were then to be compared
to estimates of the ability of the present waterway system
to handle traffic. A list of "shortfalls" in capacity
would be defined by these comparisons.

The next phase (reported in Element L - Evaluation of
Alternative Future Strategies for Action) of the analysis
was to be the formulation of alternative strategies for
action. These strategies were to be defined by
"controllable" factors, i.e., factors or actions within
the scope of the study and under the control of water
transportation decision-makers.

The final phase of the Element L (Evaluation of Alter-
native Future Strategies for Action) analysis was to be
the evaluation of alternative strategies for action. The
advantages and disadvantages of each strategy were to be
assessed by cal]culating and presenting measures of trans-
portation and non-transportation impacts for each scenario-
strategy combination.

Since the completion of the Study Workplan, a con-
siderable amount of work has been done to refine the
original version of the integration framework. Interviews
were conducted with Corps personnel in field offices and
Corps top management at headquarters. Public briefings
were conducted in December 1979 and January 1980 to review
the analytical framework. Interim task reports have been
written by the K2/L contractor element team in the spring
and summer of 1980 and were reviewed by the Corps.

Finally, the NWS reports entitled Traffic Forecasting
Methodology (the Element B Report), Commercial Water
Transportation Users (the Element C Report), Overview of
the Transportation Industry (the Element D Report), Review
of National Defense, Emergency, and Safety Issues
Affecting the Waterway (the Element E/F Report), Analysis
of Navigation Relationships to Other Water Uses (the
Element G Report), Engineering Analysis of Waterway
Systems (the Element K1 Report) and Analysis of the
Environmental Aspects of Waterways Navigation (the Element
M Report) were reviewed and appropriate findings were
incorporated in the development of the final integration
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plan. These reports summarize the technical findings and
conclusions of prior NWS work.

Some of these findings were not anticipated in the
original draft of the integration plan. For example,
other uses of water, such as hydro-power, irrigation,
recreational boating, and residential and industrial
consumption were determined to pose no significant (i.e..,
national) conflict to the use of the waterways for

commercial transportation (see the NWS report entitled
Navigation Relationship to Other Water Uses). Although
conflicts between commercial navigation and other uses
occur on such rivers as the Alabama, Apalachicola, Chatta-
hoochee, and Flint and may occur during the next 20 years
on the Missouri River, these segments account for only a
small fraction of total national traffic. Since varying
assumptions about the use of water fnr other purposes do
not result in differing estimates of water transnoitation
capability, no assumptions about these uses were incorpor-
ated in any of the final NWS scenarios .

Another example of the technical findi gs of prior
work incorporated in the final integration framework is
the conclusion from Element Kl (Engineering Anialysis of
Waterways Systems) work that the physical capacLty of
locks is the principal reason for any shortfajl Ln the
present system's capability to accommodate !,jec'ted use.
In contrast to channels with locks, the physical capacity
of open channels or such channels constricted by one or
more other hzards to navigation, (e.j., as the Upper
Mississippi River that are swing bridges with horizontal
clearances of 110 to 160 feet), was found to he in excess
of any projected traffic levels. Since locks are the
principal cause of any shortfall in capacity, the
comparison of projected use with system capability was
made at the lock level rather than the analytic! segment
level as originally envisioned.

This continued refinement of the integration process
culminated in a Final Integration Plan presented to the
Corps of Engineers in July, 1980. While many adjUstments
to that plan have occurred, that plan was executed and pro-
vided the final basis and scope of the inteqration effort.
This report and the L Report (Evaluation o, Alternative
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Future Strategies for Action) document the execution pro-
cess and analytical results. The INTEGRATION FRAMEWORK
described under the next subject heading of this chapter
is drawn from the final plan.

DESCRIPTION OF THE FINAL
INTEGRATION FRAMEWORK

The final integration framework is depicted in Figure
II-B. The five columns in Figure II-B correspond to the
four NWS scenarios plus selected sensitivity analysis.
The entire integration process is performed for each
scenario. This process is represented by the seven steps
along the left side of Figure II-B. Each of these steps
is discussed below.

Each scenario represents an alternative view of the
future. The decision-maker's universe can be divided
between past versus future, acts versus events, and
certainty versus uncertainty. Decision-making deals with
affecting factors within control (acts in the future), but
it requires an understanding of factors outside contLol
(events of the future). Scenarios represent the events in
the future, for the purposes of this study, which are
outside the control of the strategies being formulated. A
scenario is, thus, a collection of assumptions about
related factors in the economy, society, or government
th.it, taken together, will affect the future needs for
water transportation.

As part of the process of defining a scenario, it is
necessary to specify the assumptions about uncontrollable
events. It is these assumptions that are altered from one
scenario to another. Technical estimates are the result
of analytical work performed to estimate the impact of
scenario assumptions on traffic forecasts.

Originally, it was anticipated that up to 10 scenarios
would be developed. A scenario entitled "low flow" was
originally one of the ten NWS scenarios. It was to
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Figure II-B
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represent hydrological conditions that effectively reduce
the capability of the waterways system for a period of one
to five years. On the basis of prior technical work per-
formed by Elements G (Analysis -f Navigation Relationships
to Other Water Uses) and K1 (Engineering Analysis of
Waterways Systems), it was determined that only one
relatively important waterway segment, namely the Lower
Upper Mississippi River, was a logical candidate for the
low flow scenario. It was also determined that it was not
possible to state witn precision what the relationship
would be between specific hydrological conditions and
channel depth on the Lower Upper Mississippi River. A
possibility was to define a set of conditions on the Lower
UppeL Mississippi that was comparable to the 1976 problem
in this region. However, the set of conditions would have
to be stated somewhat arbitrarily (namely that channel
depth would be reduced) rather than rigorously (namely
that the presence of certain hydrological conditions with
a probability of occurrence would cause a reduction in
channel depth and width). As a result, the idea of a low
flow scenario was dropped altogether, because it was not
possible to capture the more refined condition which would
produce more meaningful analysis.

Three of the original ten scenarios described in the
NWS workplan, namely "defense", "least favorable to water-
ways", and "most favorable to waterways", were
subsequently adopted as sensitivity analyses. A separate
analysis of the evaluation of the present system under
defei-ze conditions is presented in Section V of this
document. The most favorable and least favorable
scenarios represent alternative assumptions about national
environmental policy. The sensitivity of waterway
construction, maintenance and operation costs to changes
in environmental policy is discussed in the Element L
Report, entitled Evaluation of Alternative Future
Strategies for Action.

Two other scenarios also mentioned in the NWS work-
plan, namely "more government" and "less government", were
dIropped only after it was determined that the forecasts
corresponding to each of these scenarios differed little
from those of the low use and baseline scenarios,
respectively.

39



The waterborne commodity flow projections are esti-
mates of commodity flows that can be expected to move by
water if there is adequate waterway capability to handle
this traffic. In other words, these are projections of

water transportation use unconstrained with regard to
considerations of waterway capability.

The transportation capability of the present waterways
system is defined as the ability of the system to accom-
modate projected flows safely and at a marine line-haul
cost consistent with the historical cost relationship
among transportation modes. Its assessment is based in
part on the prior technical work performed in Elements KI,
D, E/F, G, and M. This prior technical work involved
identifying potential constraints to the growth of traffic
at the present time and gathering the necessary data to
estimate the impact of potential constraints ur.er
different future traffic projections.

Water transportation needs are the changes in the
navigation system that would be required to handle current
and projected waterborne commodity flows safely and at a
marine line-haul cost consistent with the historical cost
relationship among transportation modes. Based upon the
concepts of water transportation capability discussed in
Section IV of this report, three types of analyses are
performed to determine needs. First, physical shortfalls
in lock capacity over time are identified throughout the
present waterway system under four alternative scenarios
and selected sensitivity analyses. Second, ton-mile costs
are computed to estimate the private costs of marine
line-haul operations. Third, an analysis of safety issues
and problems is undertaken.

Having determined transportation needs, alternative
strategies for action are formulated. Congress, the Corps
of Engineers, and other government agencies have a number
of options to meet future water transportation needs.
Strategies are alternative sets of policy and top
management directives, which control the development of
specific plans and programs for action. As discussed
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earlier, 1 the Element L report (Evaluation of Alterna-
tive Future Strategies for Action) identifies and evalu-
ates the NWS strategies.

The application of strategies is the process of
determining what actions will be taken at what time and
cost under different combinations of scenarios anA
strategies. Actions are defined as discreet changes in
Operations and Maintenance Activities, or discreet
structural and non-structural changes in system infra-
structure or operating policies or procedures. The
process utilizes a set of decision rules under each
strategy for determining if and when appropriate actions
under each strategy will be implemented to address water
transportation needs.

The description of strategy outcomes lists the program
results from implementing a strategy for a particular
scenario. Lists of the actions taken in 5 year periods
are prepared for each scenario-strategy combination.
These actions include channel maintenance, lock operations,
rehabilitation of waterway structures, lock expansion,
safety, and enhancement of water transportation by channel
and port deepening.

Evaluation of strategy effects is the assessment of
the relative goodness or badness of strategies with regard
to issues of national concern. Thirteen NWS evaluation
measures have been computed for scenario-strategy combina-
tions and these are:

1. Traffic handled as a percentage of projected
usage (waterway traffic actually handled by the present
waterways system after taking into account lock con-
straints divided by the projected use of the waterways).

Four NWS strategies have been identified and eval-
uated. These are titled: continuation of present
policies; reprioritization of a fixed budget; full
funding of present system; and enhance navigation system
capability. These are fully defined and described in
the Element L report.
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2. Traffic in tons not accommodated by the
present system due to lock capacity constraints.

3. Traffic handled as a percentage of total pro-
duction plus imports of key waterway industries (waterway
traffic actually handled for the agriculture, steel, coal,
and petroleum industries divided by domestic production of
grain and grain products, domestic consumption of iron
ore, coke, and steel products, domestic production of
coal, and domestic consumption of petroleum and petroleum
products, respectively).

4. Private marine line-haul costs (estimated
private ton-mile costs of the line-haul operations of tows
on the inland segments and vessels on the Great Lakes
taking into account: tow size, lading, speed, lock
delays, percent of time that vessels or tows are loaded,
escalation of the real price of fuel, imposition of taxes
on the sale of marine fuel for inland navigation by Public
Law 95-502, and improvements in the average fuel consump-
tion of towboats and vessels from 1977 to 2003).

5. Public expenditures (public expenditures for
the operations, maintenance, rehabilitation, and improve-
ment of the present waterways system under alternative
strategies for action in 1977 dollars).

6. Fuel tax revenues (annual fuel tax revenues
collected under Public Law 95-502 in 1977 dollars).

7. Average lock utilization (waterway traffic at
locks in tons divided by the practical capacity of these
locks in tons. Practical capacity is defined as that
level of throughput corresponding to 90% utilization of
the theoretical capacity of a lock chamber after taking
into account lock chamber dimensions, chamber availability,
cycle time, average chamber utilization as determined by
traffic mix, percentage of loaded barges or vessels,
average ladings as determined by traffic mix, and lock
operating procedures)2 .

2 Ninety percent of the theoretical capacity of a lock
generally corresponds to an average delay of three to
five hours per tow or vessel.
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8. Safety indicators:

(a) Increase in projected
usage 3 (increase in
tons of projected usage over
1977 traffic levels).

(b) Share of hazardous commodi-
ties 3 (projected use of
hazardous commodities
divided by total projected
use).

(c) Average tow size as a
percent of maximum accommo-
dated tow size 3 (weighted
average tow size for inland
waterways divided by the
maximum tow size that can be
safely accommodated.

d) Average lock delay in hours
per tow or vessel.

3

In addition, the generic impacts of actions on the
environment are discussed.

Values of each of these measures have been calculated
for scenario-strategy combinations as part of the Element
L analysis and will be presented in the Element L Report
(Evaluation of Alternative Future Strategies for Action).
The values of some of these same measures are discussed as
part of the evaluation of the present system in Section V
of this report.

3 These measures are used to assess the change in safety
conditions over time for commercial navigation.
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The final step of the integration framework is the
sensitivity analysis, which the public briefings in Sep-
tember and November 1980 played key roles in shaping. The
purpose of the sern3itivity analysis is to test the sensi-
tivity of Element K2 and L findings to changes in key
assumptions. Four types of analyses were performed.
First, changes were made to projected use. Three addi-
tional forecasts were developed including: high coal
exports; a defense forecast; and upward adjustments to
traffic on the Ohio, Monongahela, Arkansas, Columbia-Snake
Waterway, and Inner Harbor Navigation Canal. Second, the
effects of incorporating site specific minor structural
actions on the calculation of capacity for a few unique
locks was examined. Third, the volume of dredging was
reduced from the base year amounts for the Arkansas and
Missouri Rivers to reflect the "maturing" of these water-
ways. Fourth, the sensitivity of the public costs of
waterways operations and improvements to a tightening and
a relaxation of present environmental policies was esti-
mated. The first and second analyses are presented in
Section V of the K2 report (Evaluation of the Present
Navigation System). The implications of the first and the
third and fourth analyses for the evaluation of strategies
are presented in the L report (Evaluation of Alternative
Future Strategies for Action).

The above discussion provides an overview of the inte-
gration framework being utilized for the NWS. The inte-
gration framework provides a systematic and comprehensive
process for drawing together the findings and conclusions
of the study and focusing them on the key study objec-
tives. At the same time, the approach is not mechanistic
nor does it determine any "best" solutions. It is pur-
posely designed to examine and illustrate the advantages
and disadvantages of alternative strategies for the policy
makers' assessment.
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III - SCENARIOS AND FORECASTS

INTRODUCTION

This section describes the four NWS scenarios and the
corresponding waterborne commodity flow projections
through the year 2003. For the purpose of this study, the
NWS scenarios are collections of assumptions about related
factors in the economy, society, and qovernment that,
taken together, will impact the future needs for water-

borne transportation in the United States. Waterborne
commodity flow projections are forecasts of the use of the
waterways for transportation in tons for foreign traffic
and in both tons and ton-miles for domestic traffic.
These projections are considered to be unconstrained with
regard to considerations of lock or port capacity, but
constrained with regard to a series of macroeconomic,
industry, energy, and port share assumptions. These are
not projections of waterborne traffic. Instead, they
represent projections of waterway transportation use by
major United States industries that have traditionally used
water movements in their logistics systems. In addition,

new movements that may occur in the future, such as-those

arising from the development of synthetic fuels, are also
included in the projections.

BACKGROUND

Four alternative scenarios were developed to forecast
United States waterborne movements for fourteen commodity
groups (see Exhibits I-i and 1-2 for a listing of these
regions and commodities) and twenty-two reporting regions.

The rest of this section is divided into three

sub-sections:

- Scenario Development and Descriptions.

- Total Traffic Forecasts by Scenario.

- Scenario Differences by Commodity.
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The description of the four NWS scenarios lists the
key differences in assumptions from one scenario to
another. The subsection on total traffic forecasts draws
some national conclusions about these projections. The
final subsection presents the key differences across the
four scenarios for the five commodity groups (coal, petro-
leum, chemicals, grain, and iron and steel) responsible
for the major differences in waterborne commodity flows by
scenario.

SCENARIO DEVELOPMENT
AND DESCRIPTION

(a) Scenario
Purposes

Scenarios have three purposes. One of the purposes of
scenarios is to summarize the type and magnitude of events
that are likely to influence the future use of the water-
ways. Factors that cannot be expected to affect water
transportation use are properly excluded from scenarios.
Those factors under the control of decision-makers, such
as shifts in Corps of Engineers policy, are also excluded
from scenarios.

Another purpose of scenarios is to provide some idea
of the range of possible future outcomes regarding water
transportation use. Since many events that may occur in
the forecast period are not known with certainty, an
analysis of future water transportation use must include a
number of possible future courses of these events.

Finally, scenarios group consistent and probable sets
of events in order simultaneously to evaluate their impact
on waterway transportation use.

Thus, scenarios as used in the NWS are an important
tool for strategic planning. They are designed to
simplify the planning process. They do this by articu-
lating a set of logical and consistent projections for the
future transportation use of the waterways.

46



(b) Overview

The four NWS scenarios have been defined in a way to
reflect the broad range of factors that might be expected
to influence the future use of the national waterways.
The NWS scenarios reflect:

1. A range of industry growth and transportation
use.

2. A range of energy price increases and fuel
supplies.

3. Broad options for government investment in
the economy.

Consideration of these factors represents part of the
analysis that went into the development of the initial
concepts for the four NWS scenarios. For example, the need
to reflect a range of industry growth suggests that there
should be a scenario with a "high" water transportation use
and another scenario with a "low" water transportation use.

The four NWS scenarios are:

- Baseline.

- High Water Transportation Use.

- Low Water Transportation Use.

- Bad Energy.

The baseline scenario is a set of events or factors
that represents a continuation of present conditions and
long established trends. The high use scenario is a set
of events or factors that results in higher levels of use
of all transportation modes, including water. The low use
scenario is the opposite of the high use scenario. The
bad energy scenario is a set of factors or events that
results in relatively high energy prices and tight
supplies of foreign fuels.
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An important distinction between scenarios and sensi-
tivity is that NWS scenarios are realistic projections or
estimates of alternative future conditions based on a
consistent macro view of the world, while sensitivity
analyses of projected use are either adjustments to test
key assumptions or to incorporate wariations in local con-
ditions brought out in the November 1980 public meetings
not captured by the NWS approach.

(c) Scenario
Development

These four NWS scenarios wert, developed in a series of
stages.

1. Factors Affecting Water Transportation Use.
The first stage i, 1ved identifying those factors that
affect water transpo, ation use. These are:

(a) Macroeconomic factors.

(b) Industry factors (including
energy policy).

Macroeconomic conditions refer to broad fiscal
and monetary policies that result in differing levels of
industrial and public activity in the United States
economy.

Industry factors refer to one or more key factors
such as energy or environmental policy as well as industry
trends that can be expected to influence the level of
activity of each of the seven primary waterway user indus-
tries. These industries have been identified as: agri-
culture, fertilizer, steel, petroleum, coal, chemicals,
and forest products.

Originally, this list of factors also included
changes in:

(a) Transportation systems
(waterway physical
operating conditions
and modal competition).
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(b) National transportation

policy (federal regula-
tion, expenditure, and
cost recovery).

(c) Water resources policy.

(d) Environmental policy
(other than those
environmental policies
that directly affect the
seven major waterway
industries and that have
been properly incorpo-
rated in the industry
assumptions).

Assumptions about changes in transportation
systems were not varied across scenarios. A "low water
flow" (i.e., a reduced amount of water in channels)
scenario was explictly rejected as a scenario, because it
was not possible to state with precision what the rela-
tionship would be between specific hydrological conditions
and channel depth on the Lower Upper Mississippi, the
single analytical segment with major commercial traffic
and historical water flow problems.

Assumptions about modal competition were also not
varied across scenarios, but industry wide modal shifts
were incorporated when historical trends or new flows
justified their inclusion.

Assumptions about transportation policy were also
not varied across scenarios. Rail and truck deregulation
was assumed to take place in all four scenarios. As a
result of rail deregulation and the improving financial
position of United States railroads, the waterborne share
of existing chemical traffic that is water competitive was
reduced. Truck deregulation is not expected to affect
waterborne commodity flows significantly.

Differences in federal expenditures with regard
to the waterways are explicitly incorporated in the NWS
strategies (see the Element L final report, Evaluation of
Alternative Future Strategies for Action), and the ongoing
Section 205 study has as its principal purpose the study
of alternative waterway user charges.
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Assumptions abDut other water us--, .. .. u ,i eei
across scenarios, because prior technical <,rk orfo: reai
by Element G found that there were no natioiy1l .'y signifi-
cant conflicts between transportation and (uther .ater
uses. Finally, environmental policy changes .ir 2 incorpo-
rated as a sensitivity analysis (see the Elemeiit L report,
Evaluation of Alternative Future Strategies f,)r Action),
concerning both the choice of actions that can be taken
for commercial navigation and the costs of these actions.

2. Conditions for Each Factor Affecting Use.
Once the significant factors affecting water transporta-
tion use were identified, it was necessary to determine
the explicit conditions that might exist under each

general category of scenario assumption.

Under the "macroeconomi&' assumptio,is, t i re
macroeconomic forecasts (TRENDLONG 2003, LARGER GOVT 2003,
and BAD-ENERGY 2003) were developed by Data Resourc-?s,
Inc. (DRI). These forecasts, in turn, were foLmulated by
specifying different values for a number of fiscal and
monetary parameters in the Macro Model of the United
States Economy. A complete description of the analysis
and methodologies underlying the three macroeconomic

forecasts can be found in the NWS Element B report,
Traffic Forecasting Methodology and Unconst;ained Flow

Projections.

Different assumptions were also developed for

each United States industry using waterborne
transportation.

3. Specifying Scenario Assumptions. The third
stage in developing NWS scena-ios involved assigning
values or choices to each major category of assumptions
under all four NWS scenarios. Table III-i presents the
principal assumptions for each of the four NWS scenarios
and sensitivity forecasts. A number of other assumptions
were made in the development of the baseline scenario.
However, the assumptions noted in Table III-] are those
that have been explicitly modified in the development of
the other three scenarios.
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(d) Scenario Descriptions

Each scenario along with its major assumptions which
were finalized in the fall of 1980 is discussed below.

1. Baseline Scenario. In general, the baseline
scenario incorporates factors as they are now or as they
have chanqed according to well established trends in the
past. The baseline scenario is not considered to be a
"more likely" scenario. Rather it is more a benchmark
scenario. Past trends are unlikely to continue without
some change.

The baseline scenario is based on the DRI

macroeconomic projection entitled "TRENDLONG 2003." Its
principal assumptions include:

(a) A fertility rate that
approaches 2.1 children
per woman (a level that
is consistent with zero
population growth).

(h) A small reduction in the
mortality rate for all

age groups.

(c) Economic recovery in 1981
and 1982 from a 1980
recession.

(d) Corporate and personal
income tax cuts in 1981

of $10 billion.

(e) A public sector that
grows no faster than the

rate of growth in GNP.

These assumptions, and all the assumptions
described below, are not simply assumptions designed to
fit NWS. Rather they represent a coherent consistent view
of the world, taking into account all sectors of the
economy. While the level of abstraction is high, the

approach nevertheless generates comprehensive projections
of water
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transportation use simultaneously accounting for different
levels of macroeconomic activity, the different parts of
the navigation system, their relationship to one another,
and to other modes.

A number of industry assumptions are made in the
baseline scenario. This scenario assumes that export
demand for grain will continue to show strong growth,
averaging 4 percent per year from 1977 to 1990 and 3
percent per year from 1990 to 2003. During this time,
domestic grain consumption remains relatively constant.
Because of restrictions on cropland, the acres planted in
grains grow relatively slowly, from an average 254 million
acres in 1974-1978 to 275 million acres in 1999-2003.

Cultivating additional cropland causes some of
the increases in production, but most result from
increased yields. Corn acreage harvested rises from 70.9
million in 1977 to 77.7 million in 2003, wheat acreage
from 66.5 to 72.2 million, and soybean acreage from 57.6
to 77.9 million. Meanwhile the average corn yield rises
from 91 to 121 bushels per acre, the wheat yield from 31
to 42 bushels per acre, and the soybean yield from 31 to
38 bushels per acre. The projected 32.8 million acre
increase in corn, wheat, and soybean harvests will come
from increased utilization of marginal and set-aside
lands, from land diverted from other crops, and from
increased double-cropping. Normal expected levels of
erosion are also built into the forecasts.

The agriculture industry model assumes that new
hybrids and improvements in farming techniques will
continue to increase yields and that the average climate
in major grain-producing regions will not change for the
worse. The assumption that average yields will increase
is based on substantial improvements in yields over the
past decade, particularly for corn and soybeans, but it
carries risks. Unexpectedly poor weather can dramatically
reduce yields, and if expected progress in developing
higher-yield varieties fails :o materialize, less grain
will be produced.

The principal assumptions regarding the steel
industry are that growth in world steel demand reduces
excess foreign steel capacity and that the United States
is required to increase its own domestic steel capacity by
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enactment of tax and depreciation changes favorable to the
domestic steel industry. As a result, imports as a
percent of total consumption decrease after 1990 from 17
percent to 15 percent by 2003. A second key factor in the
steel industry projections relates to an estimate that
direct reduced iron will fill the gap between scrap supply
and demand at a price of $110 per ton, the current
estimated cost of direct reduced iron.

The principal energy assumptions are that the
real price of foreign crude oil will increase at an
average rate of 3.8 percent and that domestic oil and gas
prices will be gradually decontrolled. (1) Partly as a
result of these price increases, crude oil imports fall
from the 1977 levels of 405 million tons to 290 million
tons by 2003.

The forecast for United States energy consumption
over the next 25 years is characterized by substantially
slower growth for petroleum fuels due to high price and
supply availability problems. In general, the petroleum
share of total energy consumed falls from 37 percent in the
autumn 1979 forecast to 33 percent in the Spring 1980
analysis.(2) Total energy use fell by approximately 11
percent in the Spring 1980 forecast (relative to the
Autumn 1979 forecast), while petroleum consumption de-
creased 21 percent by the year 2003.

Price controls were in fact removed by President Reagan

in 1981. Other controls were still in place at the
time this report was prepared. The analysis would be
no different if the lifting of controls had been
precisely predicted.

2 The original (Autumn 1979) NWS waterborne petroleum

forecast was done prior to the energy price increases
in 1979 that resulted in a dramatic shift downward in
United States petroleum fuel use. In order better to
reflect the future outlook for oil demand and waterway
petroleum traffic based on new price/quantity
relationships, a new energy forecast (Spring 1980) was
prepared for the final evaluation stages of NWS.
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The present forecast of total domestic crude oil
production is unchanged from the earlier forecasts for
1990 but about 6 percent lower for the year 2000. Most of
this decline reflects increasing pessimism about the
prospects for "new" oil. Similarly, lower-48 natural gas
production is almost unchanged from the prior forecast
through 1985 but follows a 2 percent to 5 percent lower
path thereafter, again based on lower finding rates. The
more pessimistic drilling outlook occurs despite slightly
higher real wellhead netbacks (after excise tax) in the
1990 to 2000 period. Despite the lower domestic oil
supply, total petroleum imports are down to the 5.5 mmbd
to 6.0 mmbd range for 1990 to 2000 as compared with 6.5
mmbd to 7.0 mmbd in the earlier forecasts as a result of
lower petroleum demands.

The required long-term supply of coal is down
slightly in response to slightly lower economic and
electricity growth rates. The level of nuclear power is
expected to be down slightly by the end of the forecast
period for the same reasons.

Table 111-2 shows the expected growth for certain
key energy ratios. As in prior forecasts, the ratio of
energy to real GNP growth is expected to average about 55
percent for the 20-year period, showing a gradual upward
shift in later years as the opportunities for energy
efficiency gains become less dramatic and energy intensive
production of alternative energy sources gains momentum.

The industrial sector is expected to demonstrate
continued reductions of both fossil fuel and electricity
consumption per unit of industrial output throughout the
forecast period. The rate of efficiency gain diminishes
gradually over time. The rate of electricity use per unit
of industrial output is expected to show a far weaker rate
of decrease than the corresponding fossil fuels ratio.
Some substitution of electricity for oil and gas is
expected as slower electricity price growth increases
electricity's competitive position. A similar fossil fuel
to electricity shift is evident in the relative rates of
growth on a per-housing-unit basis.
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Table 111-2

Expected Growth for Key Ratios, Baseline Scenario

1980-1990 1990-2000

GNP growth 3.2 2.2

Total energy growth 1.5 1.5

Ratio of energy/GNP growth 0.47 0.68

Growth rate in Btu's
per $1972 GNP -1.6 -0.7

Per capita energy use 0.6 0.8

Non-electric energy per unit
industrial output -3.2 -2.7

Electric energy per unit
industrial output -1.2 -0.6

Non-electric energy per
housing unit -0.8 -0.2

Electric energy per
housing unit 1.7 1.2

SOURCE: Appendix A.
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Total domestic demand for bituminous coal will
increase from 617.2 million tons in 1977 to 1,794.0
million tons in 2003, an average annual compound growth
rate of 4.2 percent. This growth can largely he
attributed to new demand within the synthetic fuel
industry as well as significant conversions from oil-fired
boilers to coal by utilities, predominartly in the New
England and Middle Atlantic regions.

A total of ten synthetic fuel plants is assumed
to locate along the Mississippi River and the Gulf of
Mexico by 2003 under the Baseline scenario, each consuming
5 million tons of coal by that year. Specifically, three
synfuel plants are assumed to locate on the Middle
Mississippi (mouth of Missouri River to mouth of Ohio
River) while five plants are assumed to locate in the
Baton Rouge-New Orleans area and two plants will be
located on the Texas Gulf Coast from Calcasieu River to
Corpus Christi. 3 These locations were chosen for their
proximity to the chemical industry, which is assumed to
use a significant amount of synthetic fuel as feedotock.
Conversions are assumed to take place primarily in the
mid-1980s with specific plants converted according to the
Department of Energy's "Phase I: List of Power Plants for
Statutory Prohibition." The Burlington Northern railroad
is also assumed to gain some of this coal traffic moving
to the Gulf Coast West as a result of its merger with the
St. Louis-San Francisco railroad.

3 Under both the baseline and low use scenarios, it is
assumed that a demonstration synfuel plant on thr
Monongahela begins to consume about 3,000,000 ton of
barge-delivered coal from Upper Ohio origins in 1983.
These increase to 6,000,000 tons in 1990 before being
discontinued altogether.
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Coal exports (both overseas and Canadian) will
increase from 56 million tons in 1977 to 107 million in
2003, displaying an average annual compound growth rate of
2.7 percent. Steam coal exports will account for
approximately 48 percent of total exports by the year
2003. In addition, the historical trends in port shares
for export coal will continue through 2003. In 1977, 86
percent of total overseas coal exports moved through ports
on the East Coast while 13 percent were exported through
the Gulf. In 1969 these shares were 99.4 percent for the
East Coast and 0.4 percent for the Gulf ports. By 2003,
the shares are expected to shift significantly due to the
new development and expansion of facilities at the Gulf,
facilitating exports of Midwestern and Western coal. In
2003, 50 percent of total overseas exports will move
through the East Coast ports while the other 50 percent
will move through the Gulf. Approximately 19 percent of
total coal exports (including both overseas and Canadian)
will move through the Gulf by 2003.

Given the substantial dependence of the chemical
industry on petroleum, both as a fuel and feedstock, any
revisions in the outlook for petroleum modifies chemical
forecasts as well. In addition, the completion of the
BN/Frisco railroad merger in the early 1980s is expected
to result in more rail/barge competition for chemicals
traffic.

2. High Use Scenario. The primary change in the
high use scenario from the baseline scenario is an increase
in demand for coal. Domestic coal demand increases due to
the termination of construction plans for new nuclear power
plants. All nuclear plants with construction less than 40
percent complete by mid-1979 are not allowed to come
on-line and are replaced by coal-fired generating plants.
Total domestic coal consumption increases to 2,360 million
tons by 2003. This is a 32 percent increase over the
baseline scenario.

One additional synfuel plant is assumed to be in
full operation under this scenario. A synfuel plant on
the Monongahela River is assumed to use 11,000,000 tons of
coal each year from Upper Ohio origins after completing a
demonstration phase in 1990.
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Coal exports are also higher under this scenario.
Exports reach 156 million tons of coal by the year 2003.
The share of steam coal exports is expected to increase to
65 percent in 2003. The port shares of coal exports are
assumed to remain almost the same as in the baseline
scenario, with Gulf ports gaining a slightly higher share
of total coal exports by 2003 (namely 23 percent) relative
to the baseline scenario.

Finally, phosphate exports from Florida increase
to 1985 and remain constant throughout the study period,
in contrast to the baseline scenario, which projects a
decline after 1985.

3. Low Use Scenario. The low use scenario
assumes that government spending as a percent of GNP in-
creases from 32 percent in 1981 to 36 percent in 2003.
This higher growth in the public sector reduces industrial
growth and, as a result, domestic coal consumption at
1,625 million tons is off 9 percent by the year 2003 from
the baseline scenario.

Crude oil imports are also significantly below
those of the baseline scenario. An estimated 240 millon
tons of crude oil are imported in 2003 (this represents a
17 percent decline from the baseline scenario).

The lower industrial growth of this scenario is
complemented by a reduction in the number of synfuel

plants on water (only six plants are built on water). The
reduction in plants from 10 to 6 takes place in the Lower
Mississippi and the Gulf Coast West areas.

Total coal exports are equivalent to the amount
exported under the baseline scenario. However, the Gulf
Coast port share of total coal exports is lower than under
the baseline. The share of Gulf Coast ports increases
from 9 percent in 1977 to 11 percent in 2003, but remains
well below the 19 percent share in 2003 under the baseline.
The Gulf of Mexico coal export facilities are assumed to be
the marginal handlers of coal, gaining share when demand is
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high but losing share when demand is low. A good deal of
the coal moving through the East Coast ports is under
long-term contract and will continue to move under either
a high demand or low demand scenario. Coal moving through
Gulf ports, however, will be new demand and, therefore,
will be more prevalent when total demand is high4 .

Finally, it is assumed that changes are made in
the regulations affecting the burning of Eastern coal and,
as a result, utilities in such states as Michigan burn
more Eastern coal at the expense of Western coal. Some of
this Eastern coal is shipped by rail, but an additional 4
million tons (relative to the baseline scenario) are
shipped from Lake Erie ports by 2003. This Eastern coal
replaces Western coal shipped by rail to Lake Superior and
from there by vessel to Lake Huron. In addition, some
tonnage is taken off the Ohio River to reflect a lower
demand for water transportation as a result of an increase
in Eastern coal delivered by rail and truck at the expense
of Western coal delivered by barge.

The low use scenario makes two other assumptions
that differ from the baseline. First, the growth in corn
yields increases from 91 bushels in 1977 to only 110
bushels in 2003. As a result, corn exports are 3.65 bil-
lion bushels by 2003, a 16 percent decline from the base-
line scenario. As a result of the lower grain exports,

4 In order to account for this under the low demand
scenario, coal exports are held at the 1977 levels for
the Gulf Coast West (18,000 tons) while the Baton
Rouge share is decreased from 20 percent of overseas
exports in the baseline scenario to 10 percent under
this scenario. In addition, the Mobile River and
tributaries share of overseas exports is reduced from
19 percent under the baseline scenario to 15 percent
in this scenario. Therefore, total Gulf port share
will be 11 percent of total exports (29 percent of
overseas exports) compared to 19 percent under the
baseline scenario and 23 percent under the high demand
scenario.
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the share for Great Lakes ports declines about 10%. This
assumption is in keeping with the view of several grain
companies that the Great Lakes system acts as a residuai
supplier of elevating capacity. During periods of lower
demand, its use would be expected to fall more than
proportionately.

Secondly, there is a substantial increasc in
steel imports as the domestic steel industry fails to add
new capacity. The import share of total consumption
increases to 26 percent by 2003. The baseline assumes
that the import share will be 15 percent by 2003. The
increase in steel imports results in higher shipments of
iron and steel products at ports and selected inland
segments, but a decrease in iron ore shipments on the
Great Lakes.

4. Bad Energy Scenario. The bad energy
scenario assumes that oil prices will rise faster (4.8
percent annual increase in the re.l price of world crude
oil prices) and that foreign crude oil supplies will be
tighter than under the baseline scenario. The increase
in oil prices is the driving force in the macroeconomic
projection used for this scenario. Foreign oil imports
decline to 200 million tons by 2003, a level that is 31
percent below the baseline scenario.

In view of the higher crude oil prices, United
States coal exports are also assumed to be higher.
Approximately 156 million tons of coal are exported by
2003, of which about 101 million tons are steam coal. The
Gulf Coast share of total coal exports increases to 23
percent by 2003.

Fifteen synfuel plants on water are assumed to be
built - five more than under the baseline scenario. Two
additional plants each are built on both the Baton Rouge
to Gulf and the Gulf Coast West areas. The other synfuel
plant is on the Monongahela River, where a demonstration
plant projected to be operational in 1983, is assumed to
go into full production after 1990.
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This scenario also assumes that seven coal-slurry
pipelines are built. The Energy Transportation Systems,
Inc. pipeline, which will move coal from Wyoming to
Mississippi at a rate of 35 million tons per year, is the
only pipeline expected to reduce water-borne coal flows.
An estimated 4.5 million tons of coal will be diverted
from water to pipe in 2003. Of this total, 2.5 million
tons would have originated on the Lower Upper Mississippi
and another 2.0 million tons would have originated on the
Upper Mississippi for shipment to the New Orleans area and
to utilities in the northern part of the State of Missis-
sippi.

TOTAL TRAFFIC FORECASTS
BY SCENARIO

Since the process of scenario development encompassed
all economic activity and all modes of transportation,
projected use was also developed for other modes, although
none of these forecasts was as detailed as the forecasts
of water transportation use and none was reported in
the Element B Report (Traffic Forecasting Methodology).
Projections for selected surface modes for the baseline
scenario were presented in the September 1980 Public Forum
and these are shown in Table 111-3 below.

Table t1-3

Projected Use for muLected Surface
Modes of Transportation, Baseline Scenario

Millions of Tons

Mode 1977 2003 Change % Change

Rail 1,391 2,619 1,228 88

Water - Domestic 976 1,452 476 49

Water - Foreign 939 1,133 194 21

Pipeline 1,172 1,401 229 19

TOTAL 4,478 6t601 2,123

SOURCE: Data Resources Inc.
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As can been seen from Table 111-3 rail tonnage is
expected to grow most rapidly, gaining a national market
share, compared to the modes competing for bulk commodi-
ties. Thus, the increases in water transportation use
will not, in the aggregate, come at the expense of the
railroad industry.

Table 111-4 summarizes the total waterborne commodity
flow forecasts for the four NWS scenarios. Overall, a
range of 15 percent in total tons separates the high and
low scenarios by the year 2003.

Table 111-4

Total Waterborne Commodity Flow
Projections by Scenario

(Millions of tons)

Annual Compound

1977 1980 1990 2003 Rate of Growth

Baseline 1,915 2,079 2,238 2,586 1.2%

High Use 1,915 2,094 2,297 2,727 1.4%

Low Use 1,915 2,063 2,152 2,380 0.8%

Bad Energy 1,915 2,095 2,278 2,514 1.1%

SOURCE: Appendix A.
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Compared to a 0.6 percent ainral average compound
growth rave for the 1969 to 1977 period, domestic water--
borne commodity traffic is expected to increase by 1.2
percent per year under the Baseline Scenario to year
2003. Total United States exports growth in tons slows
in the forecast per:di, averaging 2.5 percent per year to
year 2003, compared to 4.2 percent per year from 1969 to
1977. Unitol Stales imp _rts in tons, led by falling crti le
oil imports, decLine 5y 0.3 percent per year to 2003,
relative to anm 8-.6 percent per ye-ar increase from 1969 to
1977. Exhibit 111-2 presents a summary of historical
waterborne traffic by NWS reporting region.

Table III-' indicates that the fastest growing water-
borne commodities, namely coal, grain, chemicals, and
metallic ores, increase on average between 2.3 percent and
3.4 percent per year through 2003, relative to a 1.2 per-
cent annual growth rate for total traffic in the baseline
scenario. The resuilt is a rather dranatic increase in the
share of total waterborne traffic in these four commodity
groups. They grow from 2) percent of total traffic to 48
percent by tle year 2003.

Table 111-5

Selected Waterborne Commodity Flow
Projections for the Baseline Scenario

(Mi lior's of tons)

Annual Compound
1977 1980 1990 2003 Rate of Growth

Farm Products 158 212 251 366 3.4%
Metallic Ores 116 140 176 244 3.1%
Coal 212 239 358 514 3.4%
Chemicals 78 92 108 139 2.3%

Subtotal 564 683 893 1263 3.2%

Share of Total
Waterborne
Traffic 29% 33% 40% 48%

SOURCE: Appendix A.
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For the high use scenario, coal grows At a 4.5 percent
increase per year relative to a 3.4 percent rate in the
baseline scenario (see Table 111-6). In ad]ition,
phosphate rock export growth pushes non-metallic minerals
waterborne traffic growth to 1.2 percent per year through
2003, relative to a 0.9 percent increase in the baseline.

Table 111-6

Selected Waterhorne Commodity
Flow Projections by Scenario

(Millions of Tons)

2003
1977 Baseline High Use Low Use Bad Energy

Farm Products 158 366 366 339 390
Metallic Ores 116 244 244 204 235
Coal 212 514 643 476 57P
Chemicals 78 139 139 134 136

Subtotal 564 1,263 1,392 1,153 1,339

SOURCE: Appendix A.

The low use forecast has farm products waterborne
traffic growth at an increase of 3.1 percent per year to
2003, versus a 3.4 percent rate in the basel ine. A lower
share (11 percent) of coal exports for Gulf Coast ports, a
lower number of synfuel plants, and a partial substitution
of rail-delivered coal for water-delivered coal to
utilities in Michigan all contribute to the slower rat-
of growth in waterborne coal shipments. But the overall
impact of a faster growing public sector dampens the
growth in waterborne shipments (0.8 percent) as well,
relative to the baseline (1.2 percent).

Finally, the bad energy scenario has slightly higher
coal exports than the baseline, as well as increased grain
exports to pay for higher imported oil prices. However,
lower economic growth depresses remaining commodity
traffic via water, resulting in a 1.1 percent por year
growth rate to 2003 for total aterbornt f. low , compared
to 1.2 percent rate in the haspl ine.
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The forecasts are summarized in Exhibit I11-3, first
by the 14 reporting commodities and then by the 22
reporting regions. The commodity forecasts are presented
in terms of total tons shipped or received. The regional
forecasts are presented in terms of tons of total traffic
originating, terminating, passing through, and moving
within each region. Accordingly, the total regional flows
add up to a number larger than the national total since
flows throagh and between regions are attributed to each
region involved. The "double counting" of inter-regional
flows has been eliminated in the national totals.

For a more detailed presentation of these flows, the
reader is referred to Appendix A of this report,
published under separate cover. This appendix presents
the forecasts for selected reporting regions and the 14
reporting commodities. The forecasts include domestic
shipments and receipts in tons; exports and imports in
tons; and domestic traffic in tons and ton-miles.

SCENARIO DIFFERENCES
BY COMMODITY

Five key commodity groups -- coal, petroleum,
chemicals, grain, and iron and steel -- are responsible
for the major differences in waterborne commodity flows
by scenario. This sub-section analyzes how the scenarios
differ on a commodity basis. While differences are
discussed her,- in terms of variations from the baseline
scenario, it is not meant to imply that the baseline
scenario has greater validity or a higher probability of
occurrence than the other scenarios. The comparisons are
discussed in this way only for ease of exposition.

(a) Coal

I. Baseline Scenario. Coal is one of the
primary commodities under ng waterborne traffic growth
in the forecast period. Domestic coal tonnage under the
baseline scenario is expected to grow by 3.4 percent per
year from 1977 to 2003, with its share of total traffic
increasing from 11 percent in 1977 to 19 percent by 2003.
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Total lomestic shipments increase from 156.3
million tons in 1977 to 403.1 million tons in 2003 under
the baseline scenario. This is an average annual growth
rate of 3.7 percent. Those segments which experience the
most growth are those which have synfuel plants locating
on them or which have utilities converting from oil to
coal. Therefore, the Baton Rouge to Gulf reporting

th Gulf Coast Wcst reporting segment, and the
Middle Atlantic Coast reporting segment all experience
significant tonnage growth over the 26-year period.

As discussed above, total exports increase from
54 million tons in 1977 to 107 million tons in 2003.
Exports to Canada via the Great Lakes accounted for 31
percent of total exports in 1977 and are expected to
increase their share to 36 percent by 2003. The major
development in exports under this scenario, however, is
the shift in port shares. This shift to increased use of
Gulf ports results in exports through those ports
increasing from 5.1 million tons in 1977 to 20.6 million
tons in 2003, an average annual compound growth rate of
5.5 percent.

Total domestic traffic increases most rapidly for
those segments which had small tonnages in 1977 ( the
Arkansas River and the Gulf Coast West). Major river
segments such as the Ohio River, the Tennessee River, and
the Mississippi River experience more conservative growth
rates (except where synfuel plants locate). Domestic
traff c on the Great Lakes also experiences rather slow
growth rates of 1.8 percent per year from 1977 to 1990 and
2.1 percent from 1990 to 2003. The same basic trends are
obvious in lomestic ton-miles for the major segments.

2. High Use. Total waterborne domestic traffic
shipments/receipts increase from 156 million tons in 1977
to 484 million tons in 2003, 81 million more tons than in
the baseline scenario. The average annual compound growth
rate for this traffic is 4.4 percent. Upper Mississippi
shipments, Lower Mississippi receipts, Baton Rouge to Gulf
receipts, Gulf Coast West shipments and receipts, and
Middle Atlantic Coast shipments and receipts all average
compound annual growth rates above 10 percent from 1977 to
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1990, again largely due to the demand created by synfuel
plants and converting utilities. The annual growth rates
fall to the four-nine percent range from 1990 to 2003.

Total coal exports are 43 percent higher under
this scenario than the baseline and will almost triple in
26 years. This is reflected in all of the port growth
rates and especially the Gulf ports, which gain market
share at the same time that exports experience average
annual compound growth rates of 4.2 percent. Imports also
increase at significant rates due to the overall increased
demand for coal.

Total domestic tonnage and ton-miles also reflect
the significant increase in coal flows brought about by a
nuclear moratorium. Although some segments experience
greater growth than others (regions which would have
otherwise relied on nuclear plants), 11 out of the 13
segments with some domestic traffic will have average
annual groith rates above four percent from 1977 to 1990
and 8 out of 13 segments have average annual growth rates
in total taffic above 4.5 percent from 1990 to 2003.
These are xtremely strong growth rates.

3. Low Use. Waterborne domestic tonnage is at
the lowest level in this scenario of all the scenarios.
Total shirients/receipts reach 365 million tons in 2003,
38 million tons less than the baseline (-9 percent) and
119 milli ii tons less than the high use (-25 percent).
The averac- annual compound growth rate for shipments/
receipts under this scenario is 3.3 percent. Growth rates
for shipments on the Upper Mississippi decline more than a
percentage point from 1977 to 1990 compared to the base-
line growth rates. Baton Rouge to Gulf reporting segment
tonnage also experiences slower growth rates while most of
the coal delivered to the Gulf Coast West for the one
remaining synfuel plant comes by rail. Ohio River growth
rates also slow slightly due to the increased Eastern
usage which is assumed to move by rail.

Total exports are the same as in the baseline scenario
but the Gulf ports lose some of their share of total
exports. Total exports through the Gulf ports only total
12.7 million tons in 2003, compared to 20.6 million tons
under the baseline scenario.
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For domestic waterborne movements of crude petro-
leum, shifts in coastwise traffic constitute the major
changes over the next twenty-five years. Alaskan North
Slope oil shipments jump to over 80 million tons by 1980,
relative to 15 million tons in 1977, and remain near that
level through the year 2003. In a complementary fashion,
California Coast oil receipts jump from 22 million tons in
1977 to over 57 million tons by 1980. The remainder of
the Alaskan crude oil originations terminate either along
the Washington/Oregon Coast (receipts up from 4.8 million
tons in 1977 to 17 million tons by 1980) or are trans-
hipped via the Panama Canal to Gulf Coast destinations.
Although crude petroleum imports decline in Gulf Coast
ports, infusions of Alaskan crude oil keep total receipts
and shipments fairly constant.

For crude petroleum imports, total waterborne
flows decline about 1.3 percent per year over the next
twenty-five years from 405 million tons to 290 million
tons by 2003. Major declines in domestic Caribbean flows
and Middle Atlantic Coast and Gulf Coast traffic result
from the overall decline in United States dependence on
foreign crude oil supplies.

Domestic waterborne petroleum and coal product
flows experience a steady decline of 1.3 percent per year
from 1977 to 2003. Traffic losses are fairly evenly
spread across all segments as industrial, utility, and
commercial users shift away from petroleum fuels. Gulf
Coast West shipments fall from over 81 million tons in
1977 to 61 mill ion tons by 2003, for a decline of 1.1
percent per year on average for the period. Middle
Atlantic Coast shipments decline at a rate of 1.7 percent
per year from 112 million tons in 1977 to 71 million tons
in 2003, reflecting the substitution of coal for oil-fired
utilities along the eastern seaboard.

Imports of petroleum and coal products are also
expected to decline steadily over the forecast period,
falling from nearly 94 million tons in 1977 to just over
35 million tons by 2003, for a compound annual rate of
-3.9 percent per year. Middle Atlantic Coast imports fall
most dramatically, declining from nearly 47 million tons
in 1977 to 17 million tons by the year 2003. Similar
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declines are experienced among the North and South
Atlantic Coast ports in petroleum product imports. In
keeping with present trends, all exports of petroleum
products were assumed to fall to zero levels during the
forecast period.

2. Low Use Scenario. Table 111-7 summarizes the
differences by year between the petroleum waterborne flows
in the baseline and low use scenarios. The number ".996"
implies that total waterborne domestic flows under the low
demand scenario are 99.6 percent of the baseline flows.
Thus, in the year 2003, domestic and foreign waterborne
petroleum traffic in the low use scenario are 93 percent
and 91 percent below the baseline scenario.

Table 111-7

Differences in Waterborne Petroleum
Flows Between Baseline and Low Use Scenarios

Year Domestic Traffic Foreign Trade

1980 .996 1.004
1985 .977 .971
1990 .960 .951
1995 .944 .939
2000 .932 .919
2003 .928 .908

SOURCE: Appendix A.

For domestic waterborne crude oil flows, the low
use scenario has total shipments of 129 million tons by
2003, compared to 133 million tons under the baseline
scenario. The lower petroleum use is primarily due to
slower economic growth over the forecast period. The low
use alternative assumes that the majority of Alaskan crude
oil flows to Gulf coast ports, with the lower petroleum
fuel needs resulting in no new West Coast to Midwest
pipeline construction activity. Imports of crude oil fall
at 2.0 percent per year in the forecast period, declining
from 405 million tons to 240 million tons by 2003.
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Domestic petroleum product traffic declines to
241 million tons by the year 2003 under the low use
scenario, compared to 260 million tons under the baseline
case. The coastal receipts and shipments, especially for
the East coast ports, experience the most substantial
traffic declines over the forecast period. Gulf Coast
segments, especially Baton Rouge to the Gulf, also have
sharper declines in total shipments than under the base-
line scenario, with receipts falling less dramatically.

Domestic waterborne imports of petroleum and coal
products fall by 4.2 percent per year (1977 to 2003) under
the low scenario, relative to a 3.8 percent decline under
the baseline scenario. East Coast ports are most affected
by the decline, with Gulf Coast ports experiencing sub-
stantial declines as well.

3. Bad Energy Scenario. Table 111-8 contains
the differences in total traffic levels between the base-
line and bad energy scenarios.

Table 111-8

Differences in Waterborne
Petroleum Flows Between Baseline

and Bad Energy Scenarios

Year Domestic Traffic Foreign Trade

1980 .999 1.003
1985 .978 .978
1990 .949 .953
1995 .923 .921
2000 .899 .886
2003 .890 .876

SOURCE: Appendix A.

For crude oil domestic waterborne flow!,, the bad
energy scenario has total traffic at 137 million tons by
2003, relative to 133 million tons under the baseline
forecast.
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As in the case of the low use scenario, most
Alaskan crude oil is assumed to be transshipped via the
Panama Canal to Gulf Coast ports, although the Northern
Tier pipeline is built in the 1980s. Under the bad energy
scenario, crude oil imports are forecast to fall to 198
million tons, compared to 290 million under the baseline
scenario. Supply problems, high prices and domestic
conservation all account for the dramatic reduction in
imports. Gulf Coast West crude oil imports are most
affected, falling from 119 million tons in 1977 to 53
million by the year 2003. Similarly, activity for the
Baton Rouge to Gulf segment falls from 79 million tons to
35 million tons by 2003.

For domestic waterborne petroleum and coal
products activity, rhe bad energy scenario has total flows
at 231 million tons by the year 2003, compared to 260
million tons under the baseline scenario. East Coast and
Gulf Coast ports experience the majority of the declines
relative to the baseline forecast. For petroleum product
imports, the bad energy scenario has 31 million tons,
relative to 36 million tons by 2003 in the baseline
forecast.

(c) Chemicals

1. Baseline and High Use Scenarios. Under the
baseline scenario, total domestic waterborne chemical
traffic increases from 46 million tons to 94 million tons
by 2003, for a compound growth rate of 2.8 percent per
year. Major increases in shipments occur from the Gulf
Coast West (up 18 million tons by 2003 over 1977), Baton
Rouge to Gulf (up 13 million tons through 2003) and the
Ohio River (up four million tons to 2003). Gulf Coast
West receipts grow 10 million tons to the year 2003, Ohio
River receipts grow by 9 million tons, and Middle Atlantic
receipts increase from 5 to over 10 million tons by 2003.

Foreign trade chemical traffic to the year 2003
reflects the increase of United States petroleum prices to
world market levels. Imports of chemicals rise from
nearly 11 million tons in 1977 to over 18 million tons by
2003, relative to a 5 million ton increase in total chemi-
cal exports over the same period. The majority of
terminations for chemical imports are along the West and
East Coasts during the forecast period.
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In sum, impacts on waterborne chemical traffic
are most significant on the Gulf Intracoastal Waterway,
Lower Mississippi River, Ohio River, and the Warrior River
System. In particular, southern and western rail carriers
are assumed to be most successful in capturing chemical
traffic from barge, primarily on Gulf to Midwest and Gulf
to East North Central flows.

2. Low Use Scenario. The forecasts of chemical
traffic differ from one another only insofar as the under-
lying macroeconomic projections cause changes in the
growth of chemical production. Table 111-9 summarizes the
changes in domestic and foreign flows between the baseline
and low use scenarios. As can be seen, the differences
are negligible and, in any event, are less than six
percent.

Table 111-9

Differences in Waterborne
Chemical Flows Between Baseline

and Low Use Scenarios

Year Domestic Traffic Foreign Trade

1980 .992 1.032
1985 .994 1.014
1990 .979 1.010
1995 .957 1.006
2000 .951 .998
Z903 .944 .992

SOURCE: Appendix A.

Under the low use scenario, total domestic
waterborne chemical traffic rises to only 87 million tons
by 2003, relative to 94 million tons under the baseline
scenario. Shipments from the Gulf Coast West, Baton Rouge
to Gulf, and Ohio River chemical facilites grow at a slower
rate under the low use forecast relative to the baseline.
Similarly, receipts at Middle Atlantic ports, Ohio River,
Tennessee River, and Baton Rouge to Gulf plants increase
less rapi'ly under this scenario.
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For foreign trade activity, export traffic
increases slightly under the low use scenario due to
producers seeking foreign markets when domestic chemical
demand falls off. Under the low-use alternative, total
waterborne chemical exports are one million tons above
baseline levels by the year 2003. Similarly, lower
economic activity in the United States results in lower
chemical imports.

3. Bad Energy Scenario. Table III-10 presents
the differences between the bad energy and baseline
scenarios for waterborne chemical flows.

Table III-10

Differences in Waterborne Chemical
Flows Between Baseline and Bad

Energy Scenarios

Year Domestic Traffic Foreign Trade

1980 1.001 .989
1985 .996 .941
1990 1.002 .939
1995 .987 .942
2000 .981 .946
2003 .992 .950

SOURCE: Appendix A.

Domestic waterborne shipments of chemicals are
not substantially affected under the bad energy scenario,
with total tons at 93 million, compared to 94 million tons
in the baseline scenario by the year 2003.

Higher United States oil prices under the bad
energy scenario result in lower chemical imports, as
relative United States/world prices favor United States
producers over foreign producers in the United States
market. Imports fall off along the East and West Coasts
at a slightly higher rate than for Gulf Coast chemical
imports.

The bad energy scenario also results in lower
export traffic because higher United States oil prices
raise chemical prices, reducing foreign demand for United
States produced chemicals.
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(d) Grain

1. Baseline and High Use Scenarios.
Table III-11 presents a summary of the baseline
agriculture industry forecasts. For all three major
grains, both rroduction and the percent exported grow.
Corn production increases 1.6 percent per year from 1977
to 1990 and 1.5 percent per year from 1990 to 2003, with
the percent of the crop harvested in the five Corn Belt
states rising from 54.0 percent in 1977 to 63.8 percent in
2003. From 1977 to 2003 exports grow 2,750 million
bushels, accounting for 88.4 percent of the growth in
production, and, by 2003, 45.7 percent of the crop will be
exported.

Wheat production rises more slowly, 1.4 percent
per year from 1977 to 1990 and 0.7 percent from 1990 to
2003. Production is less concentrated than corn, but is
becoming increasingly concentrated; the six Plains states
that produced 51.2 percent of the 1977 crop will produce
62.6 percent in 2003. From 1977 to 2003, export growth
will actually exceed production growth by 123 million
bushels and, by 2003, 63.7 percent of the crop will be
exported.

From 1977 to 1990, soybean production increases
the fastest of the three major grains, 2.3 percent per
year. But, from 1990 to 2003, the qrcwth rate drops to
1.4 percent per year. Corn Belt production rises 1.5
percent per year to 1990 and then declines sliqhtly as
that region concentrates on corn production. The
Southeast emerges as a major soybean producinq area; its
growth in production accounts for 37.5 percent of United
States growth and its share of the United States crop
rises from 12.5 percent in 1977 to 22.0 percent in 2003.
During this period, total United States soybean production
rises 1,077 million bushels while exports increase by 945
million bushels; by 2003, exports account for 54.3 percent
of the crop.

Barge shipments of farm products are concentra-
ted on six rivers: The Upper Mississippi, Lower Upper
Mississippi, Lower Mississippi, Illinois, Ohio, and
Columbia/Snake. Between 1977 and 1990, average yearly
growth on these rivers ranges from 4.3 percent on the
Upper Mississippi to 2.0 percent on the Illinois; between
1990 and 2003, growth ranges from 3.3 percent on the
Illinois to 1.6 percent on the Columbia/Snake. Corn,
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wheat, and soybean shipments account for almost all
growth. Although "other farm products" shipments grow
from 2.2 percent to 3.6 percent per year, tonnage of these
products remains relatively small. "Other farm products"
shipments on the Lower Mississippi, the major inland ship-
per of these products, constitute only 5.9 percent of that
segment's total farm products shipments in 2003.

Major growth in receipts is limited to three
regions: Baton Rouge to Gulf, the Warrior System, and the
Columbia/Snake. Almost all receipts at Baton Rouge to
Gulf are corn, wheat, andl soybeans and these grow steadily
at 3.2 percent per year. Warrior System receipts are
mainly soybean receipts at Mobile; total receipts grow 6.1
percent per year from 1977 to 1990 and 2.8 percent per
year from 1990 to 2003. Columbia/Snake receipts are
almost entirely wheat receipts in the Portland-Longview
regions; total receipts grow 4.2 percent per year from
1977 to i990 and 1.6 percent from 1990 to 2003.

The farm proiJucts demand projections reflect two
major market shifts. First, the development of unit train
service from Nebraska and western Iowa to Washington and
California export regions has caused dramatic growth in
corn exports from the Pacific Coast. This, in turn, has
caused changes in Pacific Coast wheat exporting patterns.
Tacoma has emerged as a major corn-exporting region and
wheat that used to flow through Tacoma is being diverted
to other Pacific Coast ports. Second, the Southeast is
expected to become a major soybean producing region as the
Corn Belt concentrates increasingly on producing corn. As
a result, shipments on the Warrior River System are pro-
jected to grow 7.5 percent per year from 1977 to 1990 as
Mobile Jevelops into d major soybean exporting center, and
growth on the Warrior from 1990 to 2003 will be exceeded
or matched by only two rivers, the Illinois and the Ohio.

These two shifts are expected to have relatively
small modal impacts. Whether moving to the Pacific or the
Gulf Coast, corn from Nebraska and western Iowa is shipped
predominantly by rail because of high barge costs on the
Missouri. The modal impact of increased soybean production
and exports in the Southeast is less straightforward be-
cause historical trends are not good indicators of the
impacts of a major production shift, but the information
available suggests that barge and rail will share equally
in traffic growth in this region.
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Virtually all the growth in domestic farm
products traffic is a result of growth in the export
market for corn, wheat, and soybeans. Shipments of corn,
wheat, and soybeans to domestic markets are projected to
remain constant, and shipments of "other farm products"
account for relatively little tonnage. The largest growth
in domestic shipments occurs on the Upper Mississippi
which ships an additional 18.2 million tons of farm
rodii-t P in 2003., f C11'. , I h n tc, T 11 in c , e i.hir ) hip5: an
additional 14.3 million tons. Since most river shipments
are bound for the Baton Rouge to Gulf region, the segment
loadings increase downstream. Projected ton-miles also
reflect this shipment pattern. Growth is areatest on the
Lower Mississippi, where ton-miles of farm products
increase from 25.6 billion in 1977 Lo 57.5 billion in
2003, because most shipment from upstream segments pass
through the Lower Mississippi on their way to the Baton
Rouge to Gulf area. Domestic coastwise and lakewise
traffic and domestic ton-miles on the Great Ldkes show
little growth because most activity on the coasts and
lakes is in foreign trade.

In foreign trade prozections, all major growth is
in exports. Shipments From the Baton Rouge to Gulf region
increase by 53.1 million tons, and that region continues
to handle the largest share of exports. The Washington/
Oregon Coast, California Coast, and Warrior System show
exceptionally strong growth from 1977 to 1990 as a result
of the markets shifts mentioned previously. The Illinois
River (Chicago region) and other Great Lakes also show
strong growth but much of this growth occurs beteen 1977
and 1980 and reflects an unusually poor base year. Middle
Atlantic Coast exports :jrw fairly steadily from 3.1
percent to 3.4 percent per year; but after strong growth
from 1977 to 1980, exports from the Gulf Coast West and
Columbia/Snake grow slowly as a result of slow growth in
the world wheat market.

2. Low Use Scenario. Corn production grows more
slowly than in the baseline scenario, resulting in
decreases in exports, domestic consumption, and the demand
for grain transportatioi, (Inder the low use forecasts,
corn production amounts to 8.6 billion bushels, down from
9.3 billion under the baseline, while exports amount to
3.7 billion bushels, down from 4.4 billion bushels.
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Exports of all farm products amount to 167.8 mi 1lion or 
in 1990 and 236.0 million tons in 2003, down from 172.9
million tons and 255.5 million tons, respectively, in the
baseline scenario. The percentage declines for all farm
products are smaller (-7.6 percent) than those discussed
earlier for corn, because production of wheat, soybeans,
and other farm products is unaffected by the low use
scenario.

Domestic waterborne traffic is also expected to
suffer under this scenario relative to the baseline,
although the decline is smaller (-7.1 percent by 2003)
because of small gains in traffic due to a coastal share
shift toward barge-served Gulf and Pacific ports.

3. Bad Energy Scenario. The bad energy water-
borne forecast for grain affects United States exchanqe
rates and improves the competitiveness of United States
grain exports, resulting in higher flows of grain on the
Mississippi River and major tributaries for export. Port
shares for export are not significantly changed from the
baseline scenario.

(e) Iron and Steel

The underlying assumptions for the steel industry
are the same for all scenarios except low use, although
levels of industry and transportation activity vary amonq
scenarios due to different paths for the economy as a
whole and s~ib equent reqional steel demands.

1. Baseline and High Use Scenarios. In the
baseline forecast, steel consumption is expected to follow
the broad profile of the economy over the forecast
period. In the 1977 to 1980 period, average annual steel
consumption growth of only 0.7 percent per year reflects
the economic recession of 1980. Steel consumption grows
at a compound annual rate of 2.6 percent per year from
1980 to 1990 as business fixed investment moves forward
and motor vehicle sales rise. In subsequent years through
2003, the steel consumption growth rate is projected to be
approximately 2.0 percent per year, as the economy grows
at a 2.5 percent rate, close to its potential path. The
total increase in steel consumption from 1977 to 2003 is
projected to be 77.2 million short tons, or 71 percent.
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Steel imports are forecast to decline from a
record 21.1 million tons in 1978 to the 16 million ton
range in 1979-1980, then rise gradually to 28.1 million
tons by 2003. The import share of apparent consumption,
however, is projected to decline from 18.1 percent in 1978
to 15.1 percent by 2003. Within this long-term net decline
in import share, there is a temporary rise dur ing the
strong demand period of the mid-1980's.

Steel shipments are forecast to increase from
91.1 million tons in 1977 to 160.9 million in 2003, an
increase of 76.6 percent, slightly greater than the
forecast increase in steel consumption.

2. Low Use Scenario. Under the low use case,
domestic steel capability is held at 165 million tons for
three years beginning in 1985. The domestic steel prices
were increased relative to import prices by the amount
needed to pull in enough additional imports to fill the
demand-capacity gap. The relative domestic price increase
puts the import share up to 23 percent or 34 million tons
by 1990, above the baseline's 17 percent and 22 million
tons, and to 26 percent or 48 million tons by 2003, above
the baseline's 15 percent and 28 million tons.

The direct result of limited capacity and higher
imports is lower production and shipment of raw steel. By
1990, in-shipments are 114 million tons in the smaller
capacity growth case, 8 million below the baseline case,
and by 2003 shipments are 142 million tons, 19 million
below the baseline case.

Raw steel production is similarly pushed below
the baseline projection levels, totalling 154 million in
1990 (12 million below baseline) and 182 million in 2003
(24 million below baseline). Capacity and capability are
consequently lower by similar amounts.

Nearly all the reduction in raw steel production
below the baseline case occurs in the electric furnace
category. This is reasonable, as electric furnaces
constituted the means of capacity expansion in the base-
line case. Consequently, the major materials differences
are lower direct-reduced iron use in electric furnaces and
lower iron ore use for direct-reduced iron. Iron ore

82



consumption in 2003 is 163 million tons, 36 million tons
below the baseline scenario consumption. Consumption of
other materials is lower by smaller amounts. Scrap con-
sumption is 128 million tons, 6 million tons below the
baseline scenario.

The low use case has some surprising results
because of the key role of water transportation with
respect to steel imports. In particular, because most
steel imports enter the United States by vessel,
waterborne primary metals imports are 22 percent higher
in 1990 and 40 percent higher in 2003 than under the
baseline. Because substantial imports move by barge out
of the Lower Mississippi River ports, domestic waterborne
steel shipments actually increase by 4.6 percent in 1990
and 8 percent in 2003 relative to the baseline scenario.
The increased movements from Lower Mississippi River ports
offset the decline in the barge shipments from domestic
plants.

These gains are far outweighed by losses in metal-
lic ore traffic due to reduced production. Thus, domestic
waterborne metallic ore traffic amounts to 137.4 million
tons in 2003 under baseline, but only 131.2 under bad
energy and 112.6 million tons under low demand. Further,
although the metallic ore traffic losses predominate on
the Great Lakes, the domestic traffic gains accrue to
inland waterway carriers.

3. Bad Energy Scenario. Consumption under the
bad energy alternative is 2.7 percent (5 million tons)
lower than baseline in 2003 -- due to its impact on busi-
ness fixed investment and thus on potential GNP. Steel
imports under bad energy are higher than under baseline in
spite of the decline in consumption, because higher
domestic inflation pushes the import market share to 16.9
percent.

SENSITIVITY ANALYS
T I

FORECASTS

The National Waterways Study has involved over three
years of detailed technical analysis on the present and
future condition of the United States waterways system.
Since the base waterborne flow forecasts were developed
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nearly one and one-half years ago, the study team antici-
oated that certain changes in underlying explanatory
factors could occur between the time traffic forecasts and
the evaluation of system capabilities were completed.
Further, certain issues relating to projected use, such as
wartime needs and errors in original data bases, could not
be incorporated into the basic scenarios. Thus, these two
issues, plus concerns raised at the November 1980 public
meetings, were dealt with as special, or sensitivity
analyses. Since the primary issue for the evaluation of
the present system was lock capacity it was decided to
treat all the sensitivity forecasts as adjustments to the
High Use scenario. If these sensitivity adjustments had
been applied to the Baseline Scenario, for example, the
likelihood of locating additional "stress points" in the
system would be reduced.

Three sensitivity forecasts were developed, based in
part on recent events. The rapid growth of United States
coal exports in 1980, for example, were not included in
the four original NWS scenarios. Thus, a High Coal Export
Sensitivity Analysis was developed.

Another non-economic set that could affect the water-
ways system is a possible war that involved the United
States. Using a forecast of mobilization requirements by
the Federal Emergency Management Agency, impacts on
waterborne traffic of a five-year war were developed in a
Defense Sensitivity.

Finally, certain specialized conditions on some
waterways that were not known at the time of the basic
NWS forecast development were included in a miscellaneous
sensitivity analysis.

(a) Defense
Forecast

The NWS Defense Sensitivity analysis was designed to
evaluate the capability of the United States waterways
system to handle a national emergency involving an overseas
war. Since a national emergency would place extraordinary
strains on the United States economy and transportation
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system, long-term facilities planning should include an
analysis that identifies where capacity shortfalls are
likely to occur. The NWS Defense Sensitivity analysis
uses the Federal Emergency Management Agency forecast of
possible economic (production, consumption, imports,
exports) impacts on a five-year overseas war to evaluate
effects of United States waterborne traffic levels by
region and commodity.

The NWS High Use scenario waterborne flow forecasts
were modified to reflect a five-year war on two fronts,
beginning in 1985 (an arbitrary choice) and ending 1990.
Exogenous factors, such as steel mill production, grain
exports, oil imports, among others, were modified to
reflect higher or lower levels due to the war economy.
Finally, waterborne flows were adjusted to reflect changes
in the underlying economic conditions for the war period.

Table 111-12 presents a comparison of waterborne
shipments by industry under the High Use scenario combined
with the defense forecast for 1990. As can be seen Table
111-12, the principal industry changes are: 1) Greatly
increased steel production. 2) Sharply higher use of
petroleum and coal (the high use scenario also has more
coal use, but it should be remembered that this is based
on a slowdown in the United States nuclear energy
program). 3) Reduced exports of farm and food products.
Overall commodity flows are nine percent higher under the
defense forecast in 1990 compared to the High Use scenario.

Table 111-13 presents a comparison of the High Use
scenario and defense forecast by region. As can be seen,
the single largest increase in traffic occurs on the Great
Lakes/St. Lawrence Seaway, followed by Alaska, California
Coast, Middle Atlantic Coast, and Ohio River. Small
declines take place on a few waterways origii~ating and
terminating farm and food products for export.
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Table 111-12

Year 1990 Unconstrained Waterborne Shipments by
Industry for High Use Scenario and Defense Forecast

(Millions of Tons)

High Use Defense Difference
1

Farm Products 251.2 216.5 (34.7)2

Metallic Ores 175.9 289.5 113.6

Coal 413.8 409.5 (4.3)

Crude Petroleum 479.1 515.4 36.3

Non-Metallic Minerals 187.1 153.2 (33.9)

Food and Kindred Products 67.2 48.2 (19.0)

Lumber and Wood Products 54.5 50.4 (4.1)

Pulp, Paper, and Allied
Products 14.3 14.5 0.2

Chemicals 107.7 129.7 22.0

Petroleum and Coal Products 366.2 473.3 107.0

Stone, Clay, Glass and
Concrete Products 25.8 23.3 (2.5)

Primary Metals Products 48.2 46.5 (1.7)

Waste and Scrap 27.2 38.3 11.1

Other Commodities 78.7 91.2 12.5

TOTAL3  2,296.7 2,499.6 202.9

NOTES: (1) Difference equals Defense Minus High Use.

(2) ( ) denotes a negative number.

(3) Commodities may not add to total due to rounding.

SOURCEs Appendix A.
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Table 111-13

Year 1990 Unconstrained Waterborne Shipments by
Region of High Use Scenario and Defense Forecast

(Millions of Tons)

High Use Defense DifferenceI

Upper Mississippi 49.7 49.5 (0.2)2
Lower Upper Mississippi 115.1 14.6 (0.5)
Lower Mississippi 160.2 163.7 3.5
Baton Rouge to Gulf 427.8 421.9 (5.9)
Illinois Waterway 79.6 98.8 19.2
Missouri River 7.3 7.3 0.0
Ohio River 248.5 277.1 28.6
Tennessee River 44.3 46.8 2.5
Arkansas River 11.5 12.7 1.2
Gulf Coast West 355.1 380.4 25.3
Gulf Coast East 139.7 146.1 6.4
Mobile River and Tributaries 86.9 86.2 (0.7)
South Atlantic Coast 68.0 77.0 9.0
Middle Atlantic Coast 431.2 463.8 32.6
North Atlantic Coast 78.2 87.0 8.8
Great Lakes/SLS/ 307.0 426.9 119.9

New York State Waterways
Washington Oregon Coast 116.0 129.8 13.8
Columbia-Snake Waterway 52.9 51.8 (1.1)
California Coast 138.1 174.1 36.0
Alaska 94.3 145.9 51.6
Hawaii and Pacific Territories 17.7 17.7 0.0
Carribear 84.1 86.4 2.3

Eliminate Double-Counting (816.6) (965.9) (149.3)
of Inter-regional flows

TOTAL
3  

2,296.7 2,499.6 202.9

NOTES: (1) Difference Equals Defense minus High Use.

(2) ( ) Denotes a negative number.

(3) Regions may not add to total Jue to rounding.
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(b) High Coal
Exports

The major run-up in world oil prices in 1979 occured
after the initial NWS waterborne coal traffic forecasts
were completed. At that time, the substantial increases
in the demand for United States coal exports, due both to
coal supply problems in other countries and the efforts of
European and Japanese energy to convert fuel sources away
from oil and gas towards coal, were not anticipated in the
original coal forecast. As part of the sensitivity
analyses, a new analysis was completed that incorporated
the latest projections of potential United States coal
exports to the year 2003.

Overall, coal traffic under the high use scenario
increases from 212 million tons in 1977 to 643 million by
2003, for a compond annual growth rate of 4.5%. Under
the High Coal Export alternative, waterborne coal grows to
805 million tons in 2003 for annual compound rate of
growth of 5.5 percent.

Table 111-14 presents a comparison of the High Use and
High Coal Export forecasts by region for 2003. As can be
seen, the regions with the greatest increase in coal
shipments include the Middle Atlantic Coast, Baton Rouge
to Gulf and Mobile River and tributaries. Sizable
shipments take place on the Ohio River, the Lower
Mississippi, and Gulf Coast West. Export shipments were
also included in the High Coal Export forecast for the
West Coast. These shipments were routed through the
Washington-Oregon Coast and California Coast NWS Regions.
Other West Coast NWS Regions are also likely candidates
for such shipments. Thus significant shifts ir tradi-
tional port shares of coal exports are incorpr~rated into
this forecast.

(c) Miscellaneous
Sensitivities

During the review by the Corps of Engineers and the
general public of the four NWS scenarios (Baseline, High
Use, Low Use, and Bad Energy) in September and November of
1980, a number of changes were suggested on certain river
segments. These changes were typically the result of an

88



Table 111-14

Year 2003 Waterborne Shipments by Region
for High Use and High Coal Export Forecast

(Millions of Tons)

High Coal
High Use Exports Differen-e-

Upper Mississippi 68.7 68.7 0.0
Lower Upper Mississippi 167.3 169.6 2.3
Lower Mississippi 231.0 246.6 15.6
Baton Rouge to Gulf 548.7 591.4 42.'
Illinois Waterway 106.4 106.4 0.0
Missouri River 7.8 7.8 0.3
Ohio River 345.2 359.6 14.4
Tennessee River 79.5 86.4 6.9
Arkansas River 15.0 15.8 0.0
Gulf Coast West 389.0 404.1 15.1
Gulf Coast East 168.2 168.5 0.3
Mobile River and Tributaries 137.4 177.6 40.2
South Atlantic Coast 71.1 7L.1 O.C
Middle Atlantic Coast 469.2 514.7 45.5
North Atlantic Coast 68.9 68.9
Great Lakes/SLS/

New York State Waterways 411.1 411.1 0.3
Washington Oregon Coast 121.2 132.9 11.7
Columbia-Snake Waterway 58.6 58.6 0.0
California Coast 143.6 153.4 9.8
Alaska 86.2 86.2 0.0
Hawaii and Pacific

Territories 21.5 21,5 0.0
Carribean 74.5 74.5 0.k"

Eliminate Double-Counting (1,062.6) (1,105.6) (43.3.
of Inter-Regional Flows

TOTAL 3  2,727.2 2,889.6 162.4

NOTES: (1) Difference Equals High Coal Exports minus High Use.

(2) ( ) Denotes a negative number.

(3) Regions may not add to total due to rounding.

SOURCE: Appendix A.

89



on going local study, such as the Bonneville Lock feasi-
bility study on the Columbia River. These studies, as
would be expected, captured a level of detail greater than
would be captured in a national study such as NWS.

Base on Corps and other comments, this sensitivity
analysis involved making the following changes:

1. Increasing Ohio and Monongahela River traffic
for under reporting of actual traffic levels in the Water-
borne Commerce Statistics published by the Corps of Engi-
neers. The Ohio River Division discovered the errors in
the data base and the adjustment involved other inland
regions to the extent of any interaction with Ohio River
traffic.

2. Increasing Arkansas River traffic in line
with other forecasts provided by a variety of sources.

3. Increasing sand and gravel shipments on the
Columbia River through Bonneville Lock to reflect poten-
tial new flows identified in a study by the Portland
District of the Corps of Engineers.

4. Increasing miscellaneous traffic at the Inner
Harbor Navigation Canal Lock for underreporting of actual
traffic levels in the Waterborne Commerce Statistics. The
New Orleans District of the Corps of Engineers discovered
the error during the course of project studies of this
lock.

The first and fourth changes were made to the base
year periods as well as the forecast periods. The second
and third changes were made only for the forecast periods.

Table 111-15 presents a comparison of the High Use and
Miscellaneous Sensitivities forecasts for the year 2003 by
region. As can be seen, the biggest changes that were made
involved the Ohio River, the Lower Mississippi (aue almost
entirely to the substantial interaction between these two
regions), and the Arkansas River. Total usage nationwide
is up approximately two percent over the High Use levels.
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Table 111-15

Year 2003 Waterborne Shipments by Region
for High Use and Other Sensitivities Forecast

(Millions of Tons)

Other
High Use Sensitivities Difference'

Upper Mississlppl 0o.7 .4 0.7
Lower Upper Mississippi 167.3 (j.7 3.4

Lower Mississippi 231.0 248.' 17.4
Baton Rouge to Gulf 548.7 5 0.1 21.7
Illinois Waterway 106.4 107.2 0.8
Missouri River 7.8 7.9 0.1
Ohio River 345.2 382.9 37.7

Tennessee River 79.5 81.4 1.9
Arkansas River 15.0 26.2 11.2
Gulf Coast West 389.0 391.5 2.5
Gulf Coast East 168.2 177.9 9.7

Mobile River and Tributaries 137.4 141.5 4.1
South Atlantic Coast 71.1 71.1 0.0

Middle Atlartic Coast 469.2 469.2 0.0

North Atlantic Coast 68.9 68.9 0.0
Great Lakes/SLS/

New York State Waterways 411.1 411.3 0.2
Washington Oregon Coast 121.2 121.2 0.0

Columbia-Snake Waterway 58.6 63.7 5.1
California Coast 143.6 143.6 0.0
Alaska 86.2 86.2 0.0

Hawaii and Pacific
Territories 21.5 21.5 0.0

Carribean 74.5 74.5 0.0

Eliminate Double-Counting (1,062.6) (1,117.3) (54.7)

TOTAL 3  2,727.2 2,789.2 68.0

NOTES: (1) Difference Equals Other Sensitivities minus High Use.

(2) ( ) Denotes a negative number.

(3) Regions may not add to total due to rounding.

SOURCE: Appendix A.
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m151t 111-2

Page I of 14

Wterbogne c"Ondit, tic,. ftole - *aeelt
(Nlliem of *aem)

1977 100 100 1t" 19t" 2000 2003

farm Produots 15o.1 212.4 244.4 2S1.2 290.9 340.0 344.3

NAtlllc Or** 11S.3 139.6 1SS.1 175.9 199.3 225.7 244.3

Coal 211.3 239.6 303.3 354.3 425.1 442.0 513.7

Crude Petroleum 40.7 534.5 $3.5 479.1 477.4 424.6 423.4

on--etallic Nitral- 159.0 164.1 160.4 103.S 107.0 190.6 197.3

food and Kindred Products 44.3 49.5 57.1 67.2 74.1 94.7 92.4

Iumbor and Wood Productm 52.6 S5.4 54.5 S4.5 53.4 54.5 54.3

Pulp, Paper and Allied
Products 11.0 12.2 13.7 14.3 IS.0 1S.@ 14.3

Chaemical 77.0 91.5 102.4 107.7 119.2 131. 139.2

Petroleum and Coal
Products 467.5 440.0 364.9 364.2 342.0 306.4 399.2

atone, Clay. Glsa and

concrete Products 16.2 20.9 23.1 25.6 27.9 30.9 32.6

Primary Ntals Products 34.3 33.9 43.5 48.2 52.0 56.1 56.4

Wsate and arap 21.0 23.8 26.0 27.2 27.1 26.4 29.2

other Comodlties 53.6 57.7 67.5 7.7 91.1 107.1 11.6

TOTAL. ,1. 2,076.5 ~ ~ ,6. ,6.
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auElIIT 111-2
page 2of 14

ctabrme Flmt, row P loatema - .fb Use

(NI~ of To)

1977 1s6 iS 95 94 199S 2000 2003

PIm Prodaft 150.1 212.4 244.4 211.2 226.9 340.0 3".2

otalliL Owes 115.3 139.6 151.1 17S.9 199.3 225.7 244.3

Coa1 211.0 254.1 3LS.0 413.8 495.2 600.7 642.6

ri. Petrolem 400.7 534.5 S36.5 479.1 477.4 424.6 423.6

Won-Metallic MIneralm 159.6 168.1 160.S 187.1 194.6 200.4 209.0

wod sa Ir Prodwte 44.3 49.5 57.1 67.2 74.1 64.7 92.4

Zmubor and Wood froduots 52.6 55.4 56.S S4.5 53.4 54.5 54.2

Viap, Paper and Allied
Producte 11.6 12.2 13.7 14.3 15.0 15.8 16.3

Choema ls 77.8 91.5 162.6 107.7 116.2 131.6 139.2

Petroleum and WOal
Products 467.5 446.0 304.6 366.2 342.0 306.4 299.3

Stome, Clay, glass and

comrote Prodmata 16.2 20.9 23.1 25.6 27.9 30.9 32.0

prmary Metals products 34.3 33.9 45.5 40.2 52.0 56.1 S.4

Waste and Swrap 21.6 23.0 36.6 27.2 27.7 26.6 29.2

Other Comnditie s3.9 57.7 67.5 70.7 91.1 107.1 118.6

TOTAL 1149 2636226622472L467.2 2,623.4 2,727-2
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mz25lv 122-2

Page 777 14

waterbors timmdi Folw foftloe - Maw we
Williamm of Woia

1%77 190 tiSS 1996 195 2660 2003

ram Prodiots I5.1 212.9 245.9 244.6 232.1 316.0 33.3

Ntallie Ove 11S.3 126.7 1S4.1 157.2 112.7 109.4 202.S

0o*1 211.0 232.1 "4.9 211.6 401.6 440. 475.9

Crude Petrolem 460.7 S27.3 114.5 446.3 429.1 373.1 349.3

Won- tallia Nleraela 159.9 167.3 179.6 170.2 177.1 16.1 187.9

rood and Kindred Products 44.3 50.6 57.0 65.1 71.2 72.7 79.4

gamber and Wood Prodfcts 52.6 55.4 SG.S S4.5 S3.4 54.S 54.2

PIp. Plper and Allied
Products 11.6 12.2 13.7 14.3 15.0 15.6 16.3

Chealoale 77.6 92.4 162.0 106.7 115.4 127.4 133.0

retrom and O0a1
products 449.5 436.6 375.7 351.4 322.6 28S.6 277.5

Stone, "ly, Glees and
noorte PrblM 10.2 19.6 21.4 32.2 22.9 25.5 27.1

Privaq Notlt Produots 34.3 33.9 43.5 55.5 62.5 16.4 75.0

Waste and Swap 21.0 23.6 26.6 27.1 27.6 M.S .1

Other COMMotiei S3.0 57.7 67.3 77.2 66.6 106.7 111.9
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8NISIl 111-2

Materbornoe 2Modiy Plo Projections - hd mIXegy
(WIllionE of Tons)

1977 1900 1965 1990 1995 2000 2003

ram Produate 156.1 219.3 290.6 314.7 326.7 317.6 369.5

metallic Or*& 115.3 139.6 153.1 170.9 191.3 216.3 234.7

coal 211.6 251.5 312.S 396.7 475.7 548.6 570.3

Crude Petroleum 400.7 534.8 524.3 449.2 419.1 350.9 335.6

Mon-etallic minerals 159.0 167.3 190.0 162.7 165.0 192.2 194.4

Food and Kindred Product@ 44.3 50.0 56.2 44.4 69.7 74.3 73.5

Lumber and Mood produAts 52.6 55.4 56.5 S4.5 53.4 54.5 54.2

PuLp, Paper and I"lied
Products 11.8 12.2 13.7 14.3 15.0 15.6 16.3

Chemicals 77.8 91.1 99.7 105.3 114.7 127.8 136.2

Petroleum and Coal
Product@ 469.5 439.9 376.5 346.1 315.9 275.7 266.5

stone. Clay, Class and
Concrete problem 16.2 19.0 21.5 23.4 24.7 27.1 26.6

Prisary Metals Prodoate 34.3 33.9 43.5 40.6 52.9 57.5 60.2

aste and scrap 21.6 23.0 26.5 27.0 27.6 20.4 20.9

Other Commodities S3.6 57.7 67.2 78.0 90.1 105.6 117.3

T~rAL 1,914.9 2095.4 2,212.9 2,277.S 2 6. 2j392.8 2.514.3
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1971_ ~ ~ ~ ~ -gs -I" S 0 "

m¢tr ccidlty flow Psotios - lUaet.

Ulpr issiseippi 309 39.1 44.7 46.0 S6.9 63.S 66.0

lower twat Misissipi 77.5 90.0 161.0 113.3 134.2 111.S I92.0

Lower ieissippi 123.6 13.2 115.5 157.5 181.2 210.3 222.3

Met., WaDe to Guilf 344.4 393.1 422.1 422.6 472.2 111.7 1)4.9

Illinol waterway 60.1 67.4 75.2 70.7 39.4 96.0 193.1

is o rL liver 4.1 7.) 7.4 7.3 7.4 7.7 7.i

Cho iver 11.5 119.1 212.2 229.1 262.6 292.1 S07.5

tennesse RIver 261S 26.1 27.3 40.9 12.1 61.1 66.S

Arkansas River 9.4 9.7 10.0 11.3 12.0 14.0 14.4

uLf Coast West 341.3 370.7 364.2 53.5 367.6 369.2 31.7

Gulf Omaat Vst 103.7 113.1 12S.7 134.1 143.6 111.1 112.1

Mobile River and Trlbutaries 43.7 47.S 53.5 00.5 91.6 109.0 119.0

mouth Atlantic Coast 69.9 69.4 67.9 67.5 67.1 67.7 69.6

Riddle Atlantic Coast 436.0 439.4 421.1 420.6 430.0 427.7 436.0

Worth Atlantic Ooast 87.4 02.4 76.6 76.2 7S.6 69.2 68.9

Great Lkes/SS/
New York state waterways 109.9 244.3 271.1 294.7 327.5 362.4 361.7

Saehington/Oregon Coast 68.4 77.1 111.1 116.0 122.0 120.4 121.2

Columbia-8nake Waterway 43.5 51.9 12.3 52.9 53.4 11.0 18.6

California Coast 130.3 135.3 137.7 136.1 140.4 140.7 143.6

Alaska 26.6 95.7 99.3 94.3 91.1 07.1 06.2

awaiat and Pacific Territories 1S.3 15.0 16.7 17.7 16.9 20.4 21.5

Caribbean 69.6 92.2 06.0 34.2 92.1 74.0 74.S

limitnate Interregional (SS.S) (714.1 (755.1) 180S.0) (099.9) ("2.6) (1,024.0)
Flow

TOTAL 119149 2,070.S 2A195.1 2L237.6 2L390.2 2,486.4 2,5SO.6
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8ZfIMIUI 211-2

Page 6 of 14

Uhterbora aqojt, Vi. Proeoticoa - Uigh Use
(Uill.oea o1 

Tna)

1977 1900 195 1990 1995 2000 2003

MOger Missisippl 30.9 39.5 44.6 49.7 57.4 66.0 63.7

lower Uiger Mieei.sipi 77.5 90.2 101.S 115.1 135.7 150.S 167.3

34wMe Missisaippi 123.6 138.4 155.2 160.2 188.7 210.5 231.0

ett moue to Git 344.3 394.7 423.2 427.0 479.6 525.0 6.7

Misorie Wterway 60.5 67.6 75.2 79.6 90.2 101.3 106.4

Ieaouri River 6.7 7.3 7.4 7.3 7.4 7.7 7.S

Ohio ier 172.5 180.4 212.7 24S.5 262.4 331.1 345.2

Tnseease River 26.5 27.1 27.9 44.3 59.1 74.1 79.5

ArkanGae Rit 9.4 9.7 9.9 11.5 13.0 14.6 IS.0

Gulf Coast Neat 341.3 379.2 365.0 355.1 370.1 372.7 389.0

Gult Coast ast 106.7 113.1 125.8 139.7 152.1 165.9 168.2

Mobile River and Tributaries 43.7 49.0 54.3 86.9 105.0 127.1 137.4

South Atlantic Coast 69.0 69.4 67.9 68.0 68.4 69.0 71.1

Middle Atlantic Coast 436.6 444.1 429.5 431.2 446.3 457.7 469.2

North Atlantic Coast 
74 

22.4 
78.6 7 .3 75.6 69.2 6 .9

Great Lake/3L6/

NOv lark State waterways 189.9 250.0 275.7 307.0 344.3 386.4 411.1

Wsehiagton/Oregon Coast 60.4 77.5 115.1 116.0 122.0 120.4 121.2

CoIUMbia-Snako waterway 43.5 51.9 52.8 52.9 53.4 55.0 58.6

California Coast 130.3 135.3 137.7 138.1 140.4 140.7 143.6

Alaska 28.8 95.7 99.3 94.3 91.5 87.1 86.2

Hawii and Pacific Territories 15.3 15.8 16.7 17.7 18.9 20.4 21.5
Caribbean 69.8 92.2 86.0 04.1 82.1 74.0 74.5

Floate Interregional (599.5) (717.1) (755.0) (816.6) (916.0) (1,019.0) (1,062.6)
Flows

TOTAL 1,914.9 21093'0 2,206*6 2.296.? 2,46712 2,623.4 2,727.2
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IXMHIDIT 111-2

Page 7 t 14

Waterboe Commilty VIow Projections - Lw ue
(Nillions of Tan)

1977 1960 1965 1990 1995 2000 2003

Upper Milsesippi 30.9 39.6 44.3 47.3 53.0 S7.1 So.$

Lower Upper Mississipi 77.5 90.5 101.7 110.4 126.6 140.7 147.7

lower Nisisppi 123.6 136.9 134.2 148.3 166.3 161.3 190.7

laton rouge to Quit 344.3 401.6 425.0 412.2 447.2 472.1 492.1

Illinois Waterway 60.5 67.3 74.4 76.6 64.7 92.0 95.6

Nisouri River 6.7 7.3 7.4 7.2 7.3 7.4 7.4

Ohio River 172.5 177.4 207.1 221.9 245.8 26a.0 290.3

Tennsaaee River 23.9 22.4 24.9 38.6 49.4 57.2 61.7

Arkansan River 9.4 9.7 9.7 9.6 10.3 10.7 10.0

Gulf Coast Mest 341.3 391.0 370.5 351.5 359.6 360.4 376.9

Malt coast Fast 106.5 113.2 123.3 130.9 136.0 142.4 141.3

Mobile River and Tributarles 43.7 47.2 52.6 77.6 09.2 101.0 100.9

South Atlantic Coast 69.5 68.9 66.6 65.2 64.0 63.6 65.1

Middle Atlantic Coast 436.8 434.4 417.5 405.4 405.6 400.5 409.8

North Atlantic Coast 07.4 61.9 77.1 75.5 71.6 65.0 64.6

Great Lakes/818/
NOW York state waterways 189.9 240.0 26715 276.5 290.9 326.1 345.2

Wamhington/Oregon Coast 68.4 74.3 110.9 110.3 114.5 109.9 109.4

Columbia-Snake Waterway 43.5 51.8 52.5 52.5 52.8 54.4 57.9

California Coast 130.3 126.0 124.7 123.1 119.9 115.3 115.0

Alaska 28.8 95.9 99.6 94.5 91.6 87.3 06.4

Hawaii and Pacific Territories 15.3 15.0 16.6 17.5 18.5 19.8 20.9

Caribbean 09.0 00.2 69.4 67.9 59.2 50.1 49.4

lilinate Interregional (595.9) (714.5) (745.6) (768.0) (631.9) (884.8) (916.2)
?lows

TOTAL. IL1. 2,062 .6 2,152.0 2. 152.0 2,240.5 2,298.4 2,379.0
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Romig 111-2
Page 0 of 14

mWatrome amm.1t nov lroaoi- - ai now

1977 1966 190S 199 1t"9 260 2003

Uper Nississippi 30.9 40.1 49.1 SS.2 1.2 90.1 67.9

lower uir Mississippi 77.1 91.S 109.2 121.6 13SS 143.7 163.3

lower Mimsieippi 123.6 140.S 103.1 177.6 196.3 207.0 23S.9

Maton Sone to Gulf 344.3 405.1 44.0 461.0 464.3 406.7 S43.6

111lnole Uaterwey 60.1 6".3 70.9 96.7 91.S 96.6 100.4

ksasouri Iver 4.7 7.3 7.4 7.4 7.3 7.1 7.0

Chio River 172.S 179.6 210.3 245.2 27.6 300.1 324.5

Teennomse River 20.S 26.9 27.3 41.5 13.6 62.3 67.3

Arkansas River 9.4 9.7 10.0 12.2 14.4 11.5 16.1

Quit Coast Wat 341.3 309.3 374.9 361.S 361.7 314.7 362.2

Colt coast most 100.7 113.1 12S.2 131.9 131.7 138.3 140.S

Nobile River and Tributaries 43.7 49.3 S4.2 62.2 96.0 10.9 120.4

South Atlantia Coast 469. 60.9 61.4 64.0 62.7 62.1 63.3

middle Atlantic Coast 436.6 440.7 422.3 41%.7 418.0 413.4 427.1

North Atlantic Coast 67.4 62.1 77.1 74.9 70.8 63.6 63.0

Great Lakes/ILS/
Naw ork state Waterways 189.9 240.2 271.3 301.7 333.7 369.2 392.7

Washington/Oregon Coast 60.4 74.S 112.3 113.7 116.7 112.1 113.0

Columbia-Bnake Waterway 43.1 11.6 S6.1 "6.9 S7.1 16.3 14.6

California Coast 130.3 121.8 124.9 122.7 116.7 113.6 113.3

Alaska 26.0 95.9 99.6 104.7 101.4 96.5 9S.4

Hawaii and Pacific Territories 15.3 1S.0 16.6 17.5 11.7 20.0 21.1

Caribbean 69.6 92.4 64.3 79.6 76.4 67.9 60.0

lmiinate Double-mWunting (199.S) (721.9) (776.9) (933.7) (927.4) (971.0) (1.01.6)
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IIU33IT 111-2
Page 9 of 14

Wtezboo Coditr Ilo~owPoo tione - efteaoe
WilILom of loae)

1977 1966 195 196 1995 2000 2003

Iam products 150.1 212.4 244.4 216.5 28. 9 340.0 366.2

Metallic Owes 115.3 139.6 155.1 269.5 199.3 225.7 244.3

coal 211.8 254.1 315.6 409.S 425.1 600.7 642.8

Crude Petroleum 486.7 S34.5 S36.S S15.4 477.4 424.6 423.6

on-Netallic Miaeral IS9.6 168.1 180.4 153.2 194.6 208.4 209.8

lood and 1in1dred Produats 44.3 49.5 57.1 46.2 74.1 04.7 92.4

Lumber and Wood Products 52.6 55.4 56.5 50.4 53.4 54.S 54.2

Pulp, Paper and Allied
Produos 11.6 12.2 13.7 14.5 15.0 15.6 16.3

Chemiaals 77.6 91.S 102.6 129.3 110.2 131.8 139.2

Petroleum and Coal
Products 470.5 440.0 384.6 473.3 342.0 306.4 299.2

8tone. Clay, Oao and

Concrete Produots 14.2 20.9 23.1 23.3 27.9 30.9 32.8

Primary Netals Products 34.3 33.9 43.5 46.S 52.0 56.1 58.4

waste and scrap 21.8 23.6 26.6 38.3 27.7 28.6 29.2

Other Commodities 53.9 57.7 67.S 91.3 91.1 107.1 116.8

TOTAL Uzl. 2,093.,20 4 2,46.2 , 2,727.2
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EMIBIT 111-2
Page 10 of 14

waterborne Comodity flow Projoctions - Nigh Coal Rehports

(Nillions of Tons)

1977 1980 1905 1990 1995 2000 2003

fIam Products 156.1 212.4 244.4 2S1.2 290.9 340.0 366.2

Netallic Ores 115.3 139.6 155.1 175.9 199.3 225.7 244.3

Coal 211.0 264.4 3S2.6 472.6 565.0 756.0 805.2

Crude Petrolem 400.7 534.5 536.S 479.1 477.4 424.0 423.6

lMon-Netalllo Minerals IS9.0 168.1 160.5 187.1 194.6 205.4 209.0

Food and Kindred Products 44.3 49.5 57.1 67.2 74.1 04.7 92.4

Lumber end Wood Products 52.6 55.4 56.5 54.5 53.4 54.5 54.2

Pulp, Paper and Allied
Products 11.6 12.2 13.7 14.3 15.0 15.0 16.3

Chemicals 77.6 91.5 102.6 107.7 116.2 131.8 139.2

Petroleum and Coal
Products 469.5 440.0 384.0 366.2 342.0 306.4 299.2

Stone, Clay, Glass and
Concrete Products 16.2 20.9 23.1 25.8 27.9 30.9 32.6

Primary metals Products 34.3 33.9 43.5 48.2 52.0 $6.1 58.4

Vaste and fcrap 21.0 23.0 26.6 27.2 27.7 28.6 29.2

Other Comodities 53.8 57.7 67.5 78.7 91.1 107.1 l10.a

TOTAL 1,914.9 2,104.0 2,244.7 2,355.5 2,557.0 2,770.6 2,889.6
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pheg 11 of 14

Nstarborne COmodltj Plow Proveotte - Otr Austnt
iXillions of TOni)

19771 19"0 1905 1990 1995 2000 2003

Farm Products 158.7 213.1 245.4 252.3 300.5 342.1 369.8

etsallic Ores 115.5 139.8 155.5 176.3 200.0 226.6 245.4

Coal 223.2 266.2 330.5 434.7 520.6 640.5 677.4

Crude Peitroleum 488.7 534.5 536.6 479.1 477.5 424.9 423.7

Ion-Motallio Minerals 161.1 170.2 182.7 191.0 200.3 21S.4 217.6

Food and Kindred Products 44.4 49.7 57.3 67.5 74.4 85.1 92.9

Lumber and Wood Products 52.6 55.4 56.6 54.5 53.4 54.5 54.2

Pulp, Paper and Allied
Products 11.8 12.2 13.7 14.3 15.1 15.9 16.4

Chemicals 78.7 92.5 103.9 109.3 120.3 134.6 142.4

Petroleum and Coal
Products 472.7 442.3 387.2 368.7 344.7 309.2 302.2

Stone, Clay, Glass and
Concrete Problems 16.4 21.1 23.4 26.1 28.2 31.2 33.2

Primary Metals Products 34.7 34.4 44.1 48.8 52,8 57.1 59.6

Waste and Scrap 21.8 23.9 26.6 27.2 27.0 28.7 29.3

Other Comoditie 60.6 64.4 74.3 85.6 90.2 114.3 126.1

TOTAL 1,941.0 2,119.7 2,137.6 2,335.6 2,513.7 2,660.1 2,789.2

NOtrg: (1) Base year date was adjusted for this forecast and the base year shown here
differs from all other forecasts.
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rage 12 of 14

Waterborne Cmodlt, Flow roleotion - Defefl
(Nitll.. of Tons)

1977 1960 196S 1990 1995 2000 2003

Upper i esipi 30.9 39.5 44.6 49.5 57.4 66.0 66.7

lower U"er Miasislipi 77.5 90.2 101.6 114.6 135.7 156.5 167.3

lower KiaslasIppi 123.6 136.4 155.2 163.7 166.7 216.5 231.0

Baton Fbuq. to Gulf 344.3 394.7 423.1 421.9 479.6 525.0 546.7

Illinois Waterway 60.S 67. 7S.2 96.6 90.2 101.3 106.4

Nisouri River 6.7 7.3 7.4 7.3 7.4 7.7 7.8

Ohio River 172.5 180.4 212.7 277.1 262.4 331.1 345.2

Tennessee River 26,5 27.1 27.9 46.8 50.1 74.1 79.5

Arkansas River 9.4 9.7 9.9 12.7 13.0 14.6 15.0

Golf Coast mset 341.3 379.5 365.0 300.4 370.1 372.7 369.0

Gilt Coaet most 106.7 113.1 125.6 146.1 1S2.1 165.9 168.2

Nobile River and Tributaries 43.7 49.0 54.3 66.2 105.0 127.1 137.4

South Atlantic Coast 69.6 69.4 67.9 77.0 66.4 69.0 71.1

Niddle Atlantic Coast 436.8 444.1 426.S 463.6 446.3 47.7 469.2

North Atlantic Coast 87.4 62.4 76.6 67.6 75.6 69.2 66.9

Great Laken/SLB/
New York State Waterways 189.9 250.0 275.7 426.9 344.3 306.4 411.1

Washington/Oregon Coast 66.4 77.5 115.1 129.6 122.6 120.4 121.2

Colunbia-Snake Waterway 43.5 51.9 52.6 51.0 53.4 55.0 S8.6

California Coast 130.3 135.3 137.7 174.1 140.4 140.7 143.6

Alaska 26.6 95.7 99.3 145.9 91.5 07.1 06.2

awall and Pacific Territories 15.3 15.6 16.7 17.7 16.9 20.4 21.5

Caribbean 09.6 92.2 66.0 86.4 02.1 74.0 74.5

Eliminate Interregional (596.S) (717.2) (75S.0) (965.9) (916.0) (1,019.0) (1,062.6)
Flown

TTL1 914.9 2,093.6 2L206.6 21499.6 21467-2 2f623.4 2,727.2
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Page 13 of 14

Vterborne Commodity Flow Prolections -High Cool Rmports
(Millions of Tons)

1977 1980 1985 1990 1995 2000 2003

Upper Mississippi 30.9 39.5 44.6 49.7 57.4 66.0 64.7

lower Upper Mississippi 77.5 90.2 101.9 115.5 136.7 160.4 169.6

lower Nissiseippi 123.6 138.6 155.9 163.0 195.7 231.9 246.6

Uaton auge to Gulf 344.3 394.8 427.2 441.2 502.1 563.3 591.4

Illnol Waterway 60.5 67.9 75.2 79.6 90.2 101.3 106.4

Missouri River 6.7 7.3 7.4 7.3 7.4 7.7 7.6

Ohio River 172.5 180.5 213.3 251.0 288.6 343.4 359.6

Tennessee Liver 26.S 27.1 28.0 44.5 61.1 79.6 06.4

Arkansas River 9.4 9.7 10.0 11.7 13.4 15.3 15.6

Quit coast Veat 341.3 379.3 367.4 360.5 378.5 386.4 404.1

Gulf coast last 108.7 113.1 125.9 139.8 152.3 166.2 160.5

Mobile River end Tributarls 43.7 49.4 60.5 101.1 126.5 162.9 177.6

South Atlantic Cuost 69.8 69.4 67.9 68.0 68.4 69.0 71.1

Middle Atlantic Coast 436.8 454.0 453.5 452.5 471.6 499.3 514.7

North Atlantic Coast 87.4 82.4 78.0 78.2 75.6 69.2 68.9

Great Lakos/SlS/
NIw fork State Watervays 189.9 250.0 275.7 307.0 344.3 386.4 411.1

Washington/Oregon Coast 68.4 77.5 115.1 116.9 130.0 131.4 132.9

Columbia-Snake Waterway 43.5 51.9 52.8 52.9 53.4 55.0 56.6

California Coast 138.3 135.3 138.2 142.2 146.5 149.8 153.4

Alaska 28.8 95.7 99.3 94.3 91.5 07.1 86.2

Hawaii and Pacifl Territories 15.3 15.8 16.7 17.7 18.9 20.4 21.5

Caribbean 89.8 92.2 86.0 84.1 62.1 74.0 74.5

SleIlnate Interregional (598.5) (717.5) (756.7) (823.3) (935.2) (1,055.7) (1,105.6)
Flow

TOT1914.9 2104. 2.244.7 2,355-5 2j557.0 2,770.8 2,689.6

108

9.. - , -o- ,

-. ..



EXHIuIT 111-2lft" 14 of 14

atabers t fw or ioctiona - Other Adjustments
( milleo of Ton)

19771 1100 1s5 1990 1995 2000 ZOO3

Uter RieslasirL 31.1 39.7 44.9 50.0 57.8 64.6 49.4

tower Uger Ri"Ls Lwl 78.5 91.3 103.3 117.0 130.1 161.6 170.7

lamer Nmisiasili 12.2 143.1 161.5 167.5 190.9 232.9 340.4

Rates fee to Gulf 354.5 405.6 434.0 440.4 494.6 544.6 576.4

Illimis WMterwy 60.0 60.1 75.6 00.1 90.9 102.1 107.3

Niseari River 6.8 7.3 7.5 7.4 7.5 7.8 7.9

Otto River 191.4 200. 235.2 275.9 313.3 367.3 382.9

Tonnessee Rver 25.5 26.1 27.1 44.4 S9.0 75.7 61.4

Arkasnsas River 9.4 9.6 11.3 14.3 16.0 22.9 26.2

0019 (oast Met 342.2 38.5 344.2 356.6 371.9 374.9 391.5

Gulf Coast East 116.2 120.0 133.0 148.1 161.0 175.4 177.9

Nobile River and Tributaries 43.6 49.0 54.4 66.6 107.9 130.9 141.5

mouth Atlantic Coat 69.8 69.4 67.9 60.0 60.4 69.0 71.1

middle Atlantic Coast 436.8 444.1 429.5 431.2 446.3 457.7 469.2

North Atlantic Coast 67.4 82.4 78.6 70.2 75.6 69.2 "4.9

Great Lakea/WIA/
New York state waterways 190.0 250.2 275.6 307.2 344.5 386.6 411.3

Washigtom/Oregol Coast 66.4 77.5 115.1 116.0 122.6 120.4 121.2

CalgebLahaske waterway 43.5 51.9 52.6 54.7 56.5 59.3 63.7

California coast 136.3 135.3 131'.7 136.1 140.4 140.7 143.6

Alaska 20.6 95.7 99.3 94.3 91.5 07.1 "6.2

Ravwli and cftJLo Territories 15.3 15.0 16.7 17.7 10.9 20.4 21.5

Caribbean 69.6 92.2 06.0 94.1 62.1 74.0 74.5

ElimLinate interregional 1615.4) (734.5) (776.5) (044.3) (952.2)(1,066.4) (1,117.3)

Viowe

ROTE (1) to year data we adjusted for this forecast and the base year shown here differ* from all
other forecast. The Ohio and Gulf Coast East ero most directly affocted and the change
affects all other regions which interect with these two region.
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IV - TRANSPORTATION CAPABILITY
OF THE PRESENT SYSTEM AND POTENTIAL

ACTIONS TO MAINTAIN OR IMPROVE CAPABILITY

PURPOSE OF SECTION

The purpose of this section of the report is to
present and describe the major factors affecting trans-
portation capability. The concept of capability is first
defined. Then, in succeeding paragraphs the major factors
affecting capability are described and the interaction
among them analyzed qualitatively. The ultimate objective
of the section is to provide an integrated understanding
of capability as the concept was used in this phase of the
NWS. This understanding will in turn facilitate interpre-
tation by the reader of the Evaluation of the Present
System presented in Section V and the formulation of stra-
tegies in the Element L Report entitled Evaluation of
Alternative Future Strategies for Action.

Numerical evaluations of capability are presented in
this section only to illustrate the points being made.
The complete evaluation is in Section V.

The topics covered in this section are:

- Definition of Capability.

- Factors Affecting Capacity.

- Factors Affecting Line-Haul Cost.

- Factors Affecting Safety.

- Maintaining Capability.

- Actions To Increase Capacity.

- Actions To Improve Line-Haul Cost.

- Actions To Improve Safety.

- Summary.
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DEFINITION OF
CAPABILITY

For purposes of NWS, water transportation capability
is defined as follows:

WATER TRANSPORTATION CAPABILITY IS THE
ABILITY OF THE PRESENT NAVIGATION SYSTEM TO
HANDLE COMMERCIAL NAVIGATION SAFELY AND AT A
LINE-HAUL COST CONSISTENT WITH THE
HISTORICAL COST RELATIONSHIP AMONG THE
TRANSPORTATION MODES.

This concept includes three specific components:

1. Annual throughput capacity (ability to handle

commercial navigation)

2. Line-haul cost

3. Safety

The concept of capability relates directly to the
concept of "needs" presented in Section II. No other
aspects of navigation (e.g., environmental impacts) are
included in the navigation capability concept since this
is a study of the water transportation system and its
ability to meet water transportation needs, not other
needs. The treatment of other issues relating to navi-
gation is introduced as appropriate.

The discussion of capability that follows builds from
very basic concepts to more complex interrelationships.
The purpose is to present the logic applied and the basic
empirical findings utilized in developing an understanding
of capability suitable for the NWS integration process.
The discussion draws heavily on Element KI (Engineering
Analysis of Waterways Systems) and prior submissions of
preliminary integration findings. The overall objective
is to provide the reader with an understanding of how the
navigation system was viewed during the integration
process and lay the groundwork for interpreting the
remainder of the K2 Report (Evaluation of the Present
System) and for understanding the strategy formulation
processes documented in the L report (Evaluation of
Alternative Future Strategies for Action).
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FACTORS AFFECTING

CAPACITY

(a) Channel Dimensions

The first step in understanding navigation system
capacity is to understand how channel conditions affect
capacity. Every waterway has a variety of
characteristics, but for open channels with no physical
obstacles such as bends, locks, or bridges, two primary
factors are important determinants of capacity:

- Channel depth.

- Channel width.

These two factors determine the "instantaneous carry-
ing capacity" of a particular channel. The concept of
carrying capacity is illustrated in Figure IV-A.

Figure 1V-A

1 
o0

FNERI2
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Figure IV-A illustrates that instantaneous (or carry-
ing) capacity is three dimensional. Instantaneous capac-
ity is determined first by channel depth. Greater depth
allows deeper loading of barges and vessels. Channel
width determines the number of barges that can be carried
abreast and the maximum beam of self propelled vessels.
Channel width and channel bends together limit tow and
vessel sizes. The curvature of bends determines the maxi-
mum overall length of tows and vessels that can safely
navigate a particular river or channel. The relationship
between channel depth, tow size, and instantaneous capac-
ity is shown in Table IV-l for jumbo covered hopper barges
operating on shallow draft river segments.

Table IV-l

Instantaneous Capacity for
Selected Depths and Tow Sizes

(Tons)

Number of Barges in Tow
Depth of Loading 4 6 15 25

7 feet 4,667 7,000 17,500 29,167

8 feet 5,333 8,000 20,000 33,333

9 feet 6,000 9,000 22,500 37,500

12 feet 8,000 12,000 30,000 50,000

SOURCE: NWS Working Papers.

As can be seen from Table IV-l, the differences in
instantaneous capacity can vary widely across different
types of segments, depending on both draft and tow size.
A similar analysis can be applied to other types of barges
and water transportation units such as tankers or Great
Lakes ore carriers.
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The complete concept of channel capacity must also
include a time dimension. The unit of measure chosen for
NWS is "annual throughput," that is, the amount of
commerce that could be handled in a year. This is deter-
mined by the maximum safe speed, minimum safe interval
between tows or vessels, and maximum tow or vessel size,
particularly length.

(b) Locks and Other
Sources of Delay

The simplest waterway is a straight line between two
points with uniform depth and width. Any obstacle or
restriction on traffic which causes tows or vessels to
travel more slowly than the normal maximum safe speed or
come to a complete standstill causes delays, which in turn
reduces the throughput capacity of a segment. If the
delays become severe enough to cause tows or vessels to
wait for others, congestion occurs. This occurs when the
actual inter-arrival time batween tows or vessels at the
delay point is less than the time required to pass the
delay point.

Potential sources of delay include channel width
restrictions (one-way traffic), horizontal clearances
(bridges), vertical clearances (bridges), shore facil-
ities, severe bends, and locks. The principal delay
points for commercial navigation are locks because the
time required to pass through a lock exceeds the time
required to pass other obstacles.

In the case of a constraining point which imposes
delays, the capacity of a waterway is the amount of time
available for safe vessel or tow passage divided by the
average service time of the constraining point given
ladings, tow size, and percent loaded. Given certain
channel dimensions, the capacity of a segment with con-
straining points such as locks is set by the capacity of
these points.

The impact of a delay point such as a lock on the
ability of a waterway to handle traffic is illustrated in
Table IV-2.
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Table IV-2

Comparison of Channel and Lock Capacity

Estimated
Tonnage
Capacity

Lock and Dam 22(1) 29,000,000

Constricted Channel 185,000,000

Open Channel 369,000,000

NOTE: (1) Lock capacity under present conditions with no
minor structural or non-structural actions
being taken to increase capacity.

SOURCE: NWS Element Kl, Engineering Analysis of Waterways
Systems and NWS Working Papers.

As can be seen from Table IV-2, the channel capacity
of the Upper Mississippi, even if it is in some way con-
stricted such that the average speed is cut in half; far
exceeds the capacity of the lock. Therefore, Lock and Dam
22 constrains the total capacity of the segment and is the
controlling constraint with regard to other locks since
most of the segment traffic passes through this facility.

The important conclusion of this discussion, drawn
largely from prior work in NWS, is that locks are the
primary capacity constraints. Other causes of delay do
not constrain capacity nearly as much as do locks.
Further, the delays from these other sources are insuf-
ficient to cause significant congestion except in isolated
instances. It is also useful to understand that rela-
tively few locks will constrain traffic and these are
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readily identifiable. These then can become logical focal
points for actions to alleviate capacity constraints.

1

Accordingly, a great deal of emphasis has been placed
on lock capacity for the integration analysis. Exhibit
IV-l presents lock traffic and capacity estimates for all
commercially important locks in the system as of 1977.
Appendix B presents a discussion of how the lock capacity
analysis performed in Element Kl (Engineering Analysis of
Waterways Systems) was used in all subsequent integration
work. Appendix C presents the methodology for estimating
lock capacity and the base-year data used in the lock
capacity analysis for all commercially important locks in
the system. It should be emphasized that, in order to
complete the lock capacity evaluation and the evaluation
of strategies it was necessary to develop lock specific
forecasts of both traffic and capacity for all scenarios.
This was not envisioned in the original NWS workplan.

Other sources of delay, on the other hand, are more
widespread, more numerous, and more diverse. Most of them
are unavoidable components of the system (e.g., fleeting
areas and harbors). Some are privately owned and operated
and difficult for public agencies to influence or change
(e.g., terminals and loading piers), and some cannot be
changed without adversely affecting other aspects of the
system (e.g., bends which, when eliminated, would result
in faster currents and reduced depths). Thus the primary
focus of capacity analysis is necessarily on locks.

(c) Other Water Uses

One issue studied in depth in Element G (Analysis of
Navigation Relationships to Other Water Uses) during the
NWS was the relationship of navigation to other water
uses. While the study was designed based on an assumption
that interaction between navigation and other uses was
significant, the conclusion arrived at was that other
water uses were not significant.

1 Actions are defined as discrete changes in activities
or construction of facilities. In the case of locks
actions are changes in lock operating rules or addi-
tions to physical capacity.
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Other water uses interact most strongly with navi-
gation when water is withdrawn from a waterway system as
part of a multipurpose development scheme. Such uses are
referred to as offstream uses. Irrigation is the only
major off-stream use which does not return a high per-
centage of water to main channels and so far no conflicts
have arisen. Future conflicts with irrigation may occur
on those segments where navigation depends on releases
from storage reservoirs to maintain channel depths, namely
the Missouri River.

Instream uses, on the other hand, are generally com-
patible with commercial navigation and have low levels of
interaction. These uses include flood control, hydro-
electric power, recreation, and fish and wildlife. Con-
flicts with recreational boating can occur in busy harbors
and at locks, although conflicts to date have been minor
and are not projected to worsen significantly by the year
2000. Hydro-electric power is a highly complementary use
except where power generation competes with locks for
water or peak generation cycles create surges below reser-
voirs. To date, these conflicts have occurred at only a
few sites (Alabama River and Cumberland River at Barkley
Lock), have been minor where they have occurred, and are
not expected to worsen significantly in the future.

Other water uses (flood control, fish and wildlife,
domestic and industrial consumption, and other recreation)
were found to have no effect or to have low levels of
interaction, often complementary and conflicting at the
same time. Thus other water uses, initially believed to
be important for navigation, were found to be generally
unimportant.

(d) Ports

Ports, as the interface between water line-haul trans-
portation and land side activities require a special dis-
cussion. Ports are centers of complex activities which
interact in a variety of ways and are influenced by a wide
variety of factors. These factors are illustrated in
Figure IV-B.
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As can be seen in Figure IV-B, the number of factors
that are potential constraints to port capability is quite
large. These may be broken down into general categories
of factors as follows: 1) factors limiting vessel capac-
ity, 2) factors affecting vessel operations, 3) terminal
capacity, and 4) other landside constraints. These are
discussed in turn.

Vessel capacity is a potential constraint to port
throughput capacity. If a port can accept only small ves-
sels then the ultimate capacity is limited to the number
of those vessels that can be processed. Constraints on
vessels at ports are the same as in rivers, namely channel
depths, channel width, and vertical and horizontal clear-
ances. Also, the line-haul cost of vessels using a par-
ticular port are affected by the same factors influencing
vessel capacity. In general, large vessels are cheaper to
use and key factors such as depths can strongly influence
this aspect of capability.

Factors affecting vessel operations are those factors
which influence the movement of vessels into, out of, and
within a port. Anything which impedes vessel movements or
limits the availability of the port would be included in
this class of constraint. Thus physical obstacles which
restrict vessel size also often affect vessel operations
since underway speeds typically are reduced while
negotiating such hazards. Adequate mooring areas would
also fall within this class of constraints. Seasonal fac-
tors which affect access to ports (fog, storms, high
winds, unusual tides and ice) act on port capacity by
restricting vessel operations and reducing the number of
vessels which can be processed in a year. Port safety,
which is one part of capability, is directly related to
these factors. Vessel operations are modified to deal
with these constraints primarily out of concern for
safety. Theoretically, tradeoffs between port capacity
and port safety could be made. However, safety usually
eominates decisions about vessel operations since vessel
perations are not normally the most important constraint

to overall port operations.

Based on interviews conducted as part of Element D
(Overview of the Transportation Industry) in NWS, and a
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review of other sources, the conclusion was reached that
terminals (the facilities which transfer cargo to and from
deep draft vessels to and from the shore or directly to
and from other transportation vehicles) and/or land for
construction of new terminals are presently capacity con-
straints at ports. However, this is not true for all com-
modities and all ports. In general the United States has
adequate aggregate terminal capacity for most commod-
ities. These terminals may not all be advantageously sit-
uated or may even be uneconomic, but a judgment of termi-
nals at this level was beyond the scope of NWS.

It became apparent in June of 1980 that export coal
terminals which presently rely on rail receipts of coal
are a major short term constraint to port throughput
capacity for this one commodity. A detailed review of
these constraints was not conducted since a decision was
also made in June of 1980 that only activities normally
undertaken by federal agencies traditionally involved in
national water transportation programs would be included
in strategies.

Finally, other landside factors can constrain port
throughput capacity, safety, and costs. These factors
include physical and institutional constraints. Poor
service and limited capabilities by other surface modes
may restrict throughput capacity and can certainly affect
the costs of using various ports. Institutional factors
include such items as the inability by some ports to
secure favorable rates from railroads for movements into
and out of their boundaries. The list could be expanded
but it would be pointless to do so since detailed consid-
eration of these factors in NWS strategies was ruled out,
just as was consideration of terminals.

To summarize, a number of interviews with port offi-

cials and shippers were conducted during the course of NWS
to explore their concerns and identify problems. A major
conclusion of this research effort was that, assuming ade-
quate channel maintenance, all the factors constraining or
potentially constraining throughput capacity at ports are
associated with terminals which are not subject to actions
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taken by federal water resource agencies. A prime example
of a lack of terminal capacity limiting waterborne ship-
ments is the backlog of colliers waiting for loads at the
Chesapeake Bay ports during 1980. The queue exists
because of constraints on terminal capacity, not channels,
moorings, locks, or anything relating to navigation per se.

FACTORS AFFECTING
LINE-HAUL COST

(a) Channel
Dimensions

Line-haul cost is the second component of capability.
The variables which determine line-haul cost include lad-
ing, speed, tow size, delays, percent loaded, non-fuel and
fuel costs.

The first four variables vary significantly among seg-
ments due to the physical characteristics of the segments
and traffic densities. The last three variables are
influenced by factors largely unrelated to the navigation
system. They are determined by underlying commodity flows
on specific segments or cost factors that do not vary
widely across segments. The relationship of channel depth
and tow sizes to line-haul ton mile costs are shown in
more detail in Table IV-3. These estimates are provided
for dry cargo carried in jumbo covered hopper barges.
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Table IV-3

Cost Per Ton Mile for Selected
Depths and Tow Sizes

(Cents/Ton Mile)

Number of Barges in Tow

Depth of Loading 4 6 15 25

7 feet 1.3-1.1 1.1-0.9 0.8-0.6 0.5-0.3

8 feet 1.2-1.0 1.0-0.8 0.7-0.5 0.4-0.3

9 feet 1.1-0.9 0.9-0.7 0.6-0.4 0.4-0.2

10 feet 1.0-0.8 0.8-0.6 0.5-0.3 0.3-0.2

SOURCE: NWS Working Papers.

As can be seen from Table IV-3, there is a wide range
of private ton-mile costs associated with different chan-
nel characteristics. This fact goes far to explain the
low level of use for some rivers. Since line-haul cost is
the primary advantage of water logistics systems, those
rivers with characteristics which affect line-haul cost
adversely and the carriers attempting to use them are
placed at a strong competitive disadvantage and other
modes may get the traffic.

(b) Locks and Other
Sources of Delay

Delays at congestion points increase line-haul cost.
Since delays due to congestion tend to increase geometri-
cally with traffic, the costs associated with delays can
grow rapidly and are beyond the control of the individual
operators. For these reasons, delays at congestion points
have been identified as a cost factor by carriers as an
issue of concern. While delays impose significant addi-
tional line-haul costs, the costs imposed by shallower and
narrower channels are normally much greater.
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Line-haul cost estimates for domestic traffic for 1977
are shown in Exhibit IV-2. These estimates include esti-
mated delays. The methodology and data used to estimate
these line-haul costs are shown in Appendix D.

(c) Ports

Ports are by definition nodes of activity. The only
line-haul cost incurred in ports is demurrage and local
movements. Nevertheless, limitations on drafts and vessel
sizes imposed by physical restrictions at ports do impact
line haul cost. As noted earlier, larger tows and vessels
operating with deeper drafts, have lower line-haul costs.
This is especially important for overseas shipments of
bulk commodities such as grain and coal where trans-
portation costs are a major component of delivered
prices. Thus actions to improve channel dimensions of
ports can have a significant impact not only on the com-
petitive status of individual ports, but can also affect
the competitiveness of United States exports.

FACTORS AFFECTING

SAFETY

(a) Background

Safe navigation occurs when accidents do not occur.
..e generally good safety record of th. - industry precludes

a systematic rigorous analysis of safety, because there
are relatively few accidents to analyze. Further, the
methods of collecting and classifying accident data make
analysis difficult. While a general understanding of the
factors influencing safety is easy to obtain it is not
possible to construct quantifiable causal relationships
between factors affecting safety and some index of safety,
which would allow prediction of future safety conditions.
Accordingly, the approach to safety analysis was limited
to identification of factors contributing to accidents,
review of available records and studies, and identifi-
cation of problem areas.
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(b) Analysis of Factors
Affecting Navigation
Safety

The major types of casualties, the relative frequen-
cies of their occurrence, and contributinq causes are sum-
marized in Table IV-4.

The data in Table IV-4 show that personnel faults are
considered responsible for a high percentage of casualties
by investigating authorities. These include failures of
bridge operators, pilots, masters, and other crew
members. For example, groundings are often attributed to
personnel failures to find the proper channel.
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Table IV-4

Summary of Marine Vessel
Casualties and Contributory Causes, 1978

Percent of Primary Percent of
Type of Total Contributory Primary
Casualty Casualties Causes Causes

Grounding 24% Fault of Other 40%

Vessel/Personnel

Ramming 21% Personnel Fault 28%

Material Failures 20% Equipment Failure 14%

Collision 15% Storms/Adverse 5%
Weather

Foundering 8% Channel 3%
Characteristics

Fire/Explosion 5%

Flooding 3% Unseaworthy/ 2%
Improper Maintenance

Capsizing 2% Structural Failure 1%

Other 3% Other 6%

SOURCE: United States Coast Guard data as cited in
National Waterways Study, Defense and Emergency
Requirements for Waterways.

Of the types of casualties listed in Table IV-4,
60% are "vessel control accidents." These include
groundings, rammings and collisions. These types of
accidents are in turn related to the physical marine
environment and levels of traffic. A study of factors
contributing to accidents on inland rivers found that the
river segments where vessel control accidents frequently
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occur had one or more of the following characteristics in
common:

1. One or more bridges.

2. One or more locks.

3. A bend or intersection with another channel.

4. A narrow channel width.

Further, the study found that 35 distinct ten-mile
reaches accounted for 35 percent of all vessel control
accidents on inland rivers involving a barge or towboat.
Similarly, a relatively small number of coastal ports and
deep channels accounted for 44 percent of all vessel
control accidents in 1977/1978. Sites identified from
United States Coast Guard data for 1977 and 1978 and navi-
gation charts as having major safety problems are listed
in Exhibit IV-3.

As can be seen from the data in Exhibit IV-3, bridges
are the most common characteristics cited in safety
problem areas. Overall levels of congestion are deemed
relatively more important in ports compared to inland
rivers segments.

Thus, although personnel faults are most frequently
blamed as the primary cause of vessel control accidents, a
closer examination shows that the marine operating envi-
ronment contributes strongly to accidents by decreasing
safety margins. This in turn leads to the conclusion that
obstructions to navigation such as bridges and locks
(particularly bridges and locks which restrict traffic and
cause delays) contribute to safety problems. Likewise,
restrictive channel dimensions and unreliable channels
(i.e., channels subject to frequent shoaling) impose a
greater burden on operators, requiring more knowledge of
channel conditions than is normally available.

A major conclusion of the review of available data and
studies was that, while it is possible to infer that more
accidents occur in unfavorable situations and in areas of
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greater traffic, it is not possible to predict numerical
values for future accidents and/or losses.

MAINTAINING CAPABILITY

There is an important distinction between maintaining
or preserving the capability of navigation systems and
taking actions to increase or improve capability. The
discussion that follows deals with two specific types of
actions relating to maintaining the capability of the
present system.

(a) Channel Maintenance

Historically the Corps of Engineers has maintained a
hiqh degree of reliability for the channel dimensions of

present system primarily by means of dredging, parti-
-, rlv in areas of high use. 2  It is partly because of

t, good record that it was impossiblo to evaluate with a
' -' degree of certainty the effects of varying levels of

maintenance on the capability of the sYstem.

In fact, dredqing volumes have been reduced substan-
ti lv in recct years due to environmental concerns. The
Sfect of this reduction on capability up through the base
,:r of tho study (1977) has been minimal, as reported in
K, inventory of the navigation system compiled separately

by the Corps as an early NWS activity. Therefore, it was
assumed that the reported dredging volumes in the inven-
tory represented a level of activity consistent with the
baseline capability of the present system, while acknowl-
edging several shortcomings in the data.

First, soundings are not taken frequently for some
projects. Thus the true state of many of the navigation
channels is not in fact known to Corps officials on even a
monthly basis, much less a day to day basis. In the
absence of soundings or grounding reports, the operating
assumption is that channel dimensions are what they were

2 Reliability is measured as the percentage of time that
authorized channel dimensions are available.
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last reported to be and the most recent report may be
quite old. 3 Second, hydrological conditions on some
rivers were unusually favorable during the period of time
when the inventory data was recorded. When "normal" con-
ditions resume, more channel dimension deficiencies may
arise than the brief historical period of the inventory
suggests. Third, it takes considerable time in some
instances for rivers and other water regimes to reassert
themselves as human intervention is reduced or elimi-
nated. Thus, the full effect of reduced dredging in some
segments may not have been revealed during the inventory
period.

As previously mentioned, the dimensions of a waterway
determine the maximum vessel size which can safely navi-
gate on the waterway. Channel conditions, however, vary
seasonally so that vessel sizes which can be safely navi-
gated and drafts to which vessels can be loaded are also
variable, being a function of the probability of occur-
rence and duration of hydrological conditions. Channel
conditions also vary with the level of maintenance
required to maintain authorized dimensions and the level
of maintenance provided.

In order to prevent the reduction of channel dimen-
sions and the resultant decrease in channel capability,
the Army Corps of Engineers conducts an extensive channel
maintenance program. There are three methods available
for channel maintenance.

- dredging

- river training

- flow regulation

3 Related to this is the lack of an adequate hydrolog-
ical record for most rivers to provide a reliable
systematic correlation between water flows and avail-
able depths. Thus, predicting both the need for and
the effect of dredging is highly judgmental.
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Maintenance dredging is performed to physically remove
sediments which reduce channel dimensions, and it must be
repeated periodically. River training and flow regulation
techniques attempt to control water flow velocities pre-
venting deposition which reduces channel dimensions.
Maintenance dredging has the relative advantage of not
requiring major initial investments but also does not
provide a permanent solution. River training (con-
struction of dikes and provision of revetments) and flow
regulation (controlled release of water from the con-
struction of basin reservoirs) may maintain channel dimen-
sions but require a major initial investment and may not
yield the desired result without supplemental dredginq.

The determination of maintenance needs requires a
great deal of experience on the waterway in question and
detailed project level evaluation in order to provide
authorized dimensions reliably at a minimum cost. This
is due to the inability of available methods to reliably
evaluate the effectiveness of the various maintenance
techniques and in determininq the levol of maintenance
effort required because of the complex!iy of the hydro-
logical phenomena which define the noon1 for maintenancP.

While the effectiveness of maintennce activities can
be judged at the extreme microlevel by Corps field per-
sonnel who devote years of their lives to understandinq
the processes of channels within their spheres of respon-
sibility, there is no effective way to translate this
level of management into a more global view of maintenance
cause and effect due to a lack of methodology and uniform,
systematically maintained data bmseF for all projects.

There are three basic types of waterways, arouped
according to general hydrographic conditions, which
determine their maintenance requirements: canalized
waterways (with locks and dams), channelized waterways
(free-flowing rivers), and coastal waterways comprising
coastal port deep draft approach channels and lakes.

On canalized waterways, relatively stable navigation
conditions are provided as a result of dam construction.
Dredging requirements generally are small. Roughly 3,400
cubic yards per mile of canalized waterway nationally each
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year is dredged, primarily in approaches to locks. Due to
the stability of canalized waterways, dredging generally
need only be repeated once every three to five years.

On channelized rivers, dredging, river training, and
flow regulation can all be used to maintain channel dimen-
sions. Due to the intensity of hydrological processes,
dredging on these waterways is approximately 25,000 cubic
yards per mile nationally each year. 4 The value might
be much higher if the flow of the Mississippi River was
not partially regulated and the Lower Mississippi River
was not trained along much of its length. Dredging
requirements on channelized waterways are highly seasonal
and dredging may have to be undertaken annually.

Reduction of channel dimensions due to sedimentation
on the Great Lakes and in coastal areas is a result of
waves, coastal currents, and estuarial flow. The volume
of dredging required in any given area is dependent upon
the volume of sediment entering the estuary and circu-
lation pattern of sediments within the estuary. Hence,
alternatives to dredging are limited.

Two basic methods of dredging are currently employed:
pre-maintenance dredging and dredging on an "as needed"
basis. As the name implies, "as needed" dredging is per-
formed whenever channel dimensions become close to, equal
to, or less than authorized dimensions. Pre-maintenance
dredging is performed by dredging to depths beyond those
authorized in anticipation of sedimentation. While
pre-maintenance dredging allows a degree of flexibility in
scheduling dredging operations, and reduces dredging unit
costs by increasing the quantity dredged in each
operation, greater volumes must generally be dredged to be
effective.

Several waterways in the United States were identified
in Element K1 (Engineering Analysis of Waterways Systems)
as having either dimensional deficiencies or an insuffi-
cient probability of maintaining authorized depth as a
result of adverse hydrological conditions at low flow

4 Element KI, Engineering Analysis of Waterways Systems
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stage. The most important of these waterways in terms of
potential for dimensional problems are: the Upper
Mississippi River, the Middle and Lower Mississippi River,
the Missouri River and the Apalachicola River.

From the Lower Middle through the Lower Mississippi
3 2-'-rized depth is 12 feet, but tne Corps only

dttempts to maintain a 9 toot channel. The overall effect
is that a 9 foot minimum depth is experienced much less
than 5 percent of the time. It is anticipated that
greater depths will be achieved (12 feet with a high
degree of reliability) with the completion of the ongoing
river training program without increasing (or possibly
decreasing) the clrrent level of maintenance dredging.

On the Missouri and the Apalachicola Chattahoochee/
Flint Witerways, the maintenance of authorized channel
dimensions is somewhat unreliable due to significant
hydrological changes induced by other than navigation
users of water resources. In both waterways, channel
dimensions are reduced when releases from multi-purpose
basin storages are insufficient to maintain minimum design
flow. On the Missouri River this condition generally
exists for four winter months.

(b) Rehabilitation of
Navigation Structures

Navigation structures (dams, locks, jetties, break-
waters, and dikes), like all physical objects, wear out
with use and age. While normal maintenance will prolong
the useful life of structures, there usually comes a time
when major repairs are necessary to preserve the integrity
and safety of the structure or to restore operating
efficiency. An analogy can be drawn with automobiles.
Normal automobile maintenance includes lubrication, and
replacing of belts, tires, batteries, filters, and spark
plugs. Extra-ordinary maintenance, such as engine
replacement, is comparable to rehabilitation of navigation
structures. In cases where an old, physically
deteriorated structure cannot be repaired, replacement may
be the most logical choice.
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The difficulty arises in projecting future rehabil-
itation requirements. Historically the Corps has either

let unused facilities deteriorate, replaced old facilities

with new facilities, or not recorded rehabilitation as a
separate activity. Thus there are little data on which to
build predictions. Also, since rehabilitation actions are
discreet major actions it would be necessary to predict
not only which facilities would need rehabilitation but
also at what time and at what cost. An alternative way of
dealing with this problem was devised and is presented in
the Element L report (Evaluation of Alternative Future
Strategies for Action). The important point is to under-
stand the distinction between rehabilitation (preserving
present capability) and actions to change capability.

ACTIONS TO INCREASE
CAPACITY

Based on the conclusion that locks are, and will
remain, the primary controlling constraints on navigation
capacity, it is useful to review the types of actions
which can be taken to increase lock capacity. There are
at leas two ways of classifying actions to increase lock
capacity. One way is the nature and quantity of resources
used. Thus three categories were devised for NWS:

- Non-structural actions.

- Minor structural actions.

- Major structural actions.

These are discussed in turn.

(a) Non-Structural
Actions

Non-structural actions are those changes in lock oper-
ating rules and policies that affect the way in which
operators use locks. Three basic non-structural actions
were considered in NWS. These were: 1) N up/N down
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rules, 2) ready-to-serve policies, and 3) rules prohibit-
ing the make-up and break-up of tows in lock chambers and
approaches. All these serve to reduce the cycle times for
various components of lockage times. None of these
actions require either the use of significant physical
resources or any change in a lock structure; hence they
are called "non-structural."

"N up/N down" rules refer to lockage policies designe.
to take advantage of the characteristics of some locks.
In general the Corps operates locks on a firzt come-first
served basis, regardless of whether the tow or vessel
requesting lockage is upbound or downbound. If a tow is
moving in a direction that is contrary to the status 3f
the chamber, an additional chambering operation is
required before the tow to be locked can complete its
lockage.

For example, if a downbound tow arrives at a lock and
the preceding tow was also downbound, the lock chamber's
lower mitre gates will be open and the water level in the
chamber will be that of the lower pool. Before the new
downbound tow can enter the chamber the lower gates must
be closed, the water level raised, and the upper mitre
gates opened. This is referred to as "chambering." A
chambering operation with no tow or vessel in the chamber
is referred to as a "turnback."

Due to characteristics which vary from site to site,
the time required for a "turnback" lockage may be less
than the time required for locking tows in an alternate
direction (up, down, up, down, et2.). An N up/N down
policy takes advantage of this time saving by lockinQ
through some number (N) of tows in one direction and then
reversing the direction of traffic flow (up, up, up, down,
down, down, etc.). This policy yields savings only if the
time for a straight single lockage exceeds the total time
for a turnback lockage. Further, it is used only when
tows are queued on both sides of a lock.
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"Ready-to-serve" policies and rules prohibiting tow
make-up and break-up in lock chambers and approaches
strive to reduce time lost in double and setover
lockages. Double lockages occur when a tow has too many
barges to fit in the chamber. Setover lockages occur when
all of a tow will fit in the chamber but the tow requires
reconfiguring. Reducing or eliminating the time lost
while reconfiguration occurs reduces total lockage time.
Also, these policies do not apply at locks where ships are
the only type of traffic.

An example of a non-structural action that does not
require a change in lock operating policy is the "self
help" program installed voluntarily by operators at con-
gested locks such as Locks and Dam 26. These programs can
be quite effective in increasing lock capacity and have
generally the same effect as rules prohibiting make-up and
break-up in lock chambers and approaches.

One other "non-structural" action requires mention.
At sites where recreational craft compete with commercial
use of the lock, various rules can be applied to reduce or
eliminate this conflict and make more time available to
commercial users. These policies might include requiring
recreational vessels to lock through with commercial
users, limiting the number of "pure" recreational lock-
ages, and outright prohibition of recreational lockages.

(b) Minor Structural
Actions

Minor structural actions include a wide range of modi-
fications to lock structures. The effectiveness of these
actions tends to be very site specific. These actions
include extensions to guidewalls, modifications to lock
hydraulic systems, improved machinery and traveling
kevils. All of these actions are designed to improve
lockage times at low cost without -hanging chamber dimen-
sions. Since resources would be coi- umed in implementing
such actions, they are considered "structural" actions.
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Some specific nonstructural actions at specific sites are
discussed in the sensitivity analysis in Section V.

(c) Major Structural
Actions

There are two major structural actions of universal
applicability to increase lock capacity. The first action
is to add an additional chamber at a site. The second
action is to replace an existing chamber with a larger
chamber. The appropriateness of either action depends
upon the relation of chamber sizes to tow sizes and the
condition of existing chambers, among other considerations.

In cases where lock availability is reduced by
navigation seasons, annual lock throughput capacity can be
increased by lengthening navigation seasons. These
actions arh most relevant to the Great Lakes/St. Lawrence
Seaway locks, the Upper Mississippi, and the Columbia
Snake Waterway.

Increasing channel depths will increase lock capacity
ind this increase may in some cases be possible without
physically changing locks themselves. If greater depths
resulted in greater ladings, more tonnage could be pro-
cessed through locks using the same number of barges or
vessels. For such an effect to be achieved without chang-
ing the locks, it would be required that all locks in a
system be able to accommodate greater drafts than the
channel. For small increases in drafts this is true for
many locks and marginal gains in lock capacity can be
obtained since many locks have more than adequate depths
over sills. However, major changes in channel dimensions
would in most cases also require major changes in locks.
Channel deepening, as a means of obtaining major addi-
tional lock capacity, is therefore largely ineffective.
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(d) Actions To Increase
Lock Capacity Classified
By Cost Responsibility

The second way of classifying actions to increase
capacity is to examine who is involved in executing the
action and who bears the costs. In general, non-
structural actions result in somewhat higher outlays by
operators, although this is probably more than offset by
reduced delay costs in most instances. The two ways of
classifying actions are shown in Table IV-5.

Table IV-5

Actions to Increase Lock Capacity

Costs Borne By
Actions ActingAgencV  Public Sector

I  
Private Sector

Non Structural

1. N Up/N Down Corps of Engineers X
2. Restrictions

on Double
Lockages Corps of Engineers X

3. Ready to
Serve Corps of Engineers X

4. Industry
Self Help Private Operators X

5. Restrictions
on Recreation
Use Corps of Engineers X

Minor Structural

1. All Actions Corps of Engineers
2  

X

Major Structural

2. All Actions Corps of Engineers 2  X

NOTES: (1) Under existing cost sharing policy.

(2) For Corps owned locks only.
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ACTIONS TO IMPROVE

LINE-HAUL COST

(a) Channel Dimensions

As noted earlier, line-haul cost is a decreasing func-
tion of tow/vessel size and drafts. Further, maximum
tow/vessel sizes and drafts are determined by channel
dimensions. Thus, two major potential actions are logi-
cally necessary to achieve significant changes in line-
haul cost, namely deepening and widening of channels.

Channel deepening in open rivers is ultimately limited
by the amount of water available. However, dredging and/
or river training can increase controlling depths within
the ultimate limit. Channel deepening in slack water
systems on the other hand is, for practical purposes,
unlimited by present technological factors. However, as
noted earlier, deepening channels in slack water (can-
alized) systems requires substantial modification or
replacement of existing locks. Channel deepening in
harbors is mostly a matter of increased dredging once the
initial deeper cut has been made.

Channel widening can also favorably affect line-haul
cost, although there are fewer opportunities for this
action within the context of the present navigation
system. This is due to several factors. First, inter-
mittent narrow reaches do not normally constrain tow/
vessel size so much as they impose delays. Second, as
with deepening, channel widths are ultimately limited by
the amount of water available. Wider channels cause water
to spread out and become more shallow when water flows are
limited. Third, channel widening tends to be more costly
due to the amount of shore line interests affected.

(b) Locks and Other
Sources of Delay

Locks and other impediments to smooth uninterrupted
movement increase transit times. Transportation resources
are accordingly tied up longer and the entire process is
more costly. Although the elimination or reduction of
delay costs provides the primary justification for new
lock facilities, it should be understood that these delays
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become most costly as practical lock capacity is
approached or exceeded. Thus the action of providing
additional lock capacity has a favorable effect on line-
haul cost although the immediate objective is increasing
lock capacity.

ACTIONS TO
IMPROVE SAFETY

The actions to improve safety considered for inclusion
in NWS strategies are related to the situational factors
identified as contributory causes of accidents. Struc-
tural actions at bridges range from fenders at identified
hazardous bridges to removal and/or replacement of these
bridges. Certain situational factors cannot be corrected,
such as bends and junctions. Higher levels of traffic
management (Vessel Traffic Services, known as VTS) are
al1,i incll,,1ed for areas of high levels of activity.
Timproved aids to navigation are also considered. Actions
at locks range from fenders and moorinqs to lock replace-
merit, although no locks would be replaced purely for
safety reasons. All of these actions are oriented at
relucing the likelihood of an accident (upgraded VTS) or
retucing the potential damage from accidents when causal
fictors cannot be eliminated (e.g, fenders). Additional
inf!ormatJon concerning safety issues and causes of acci-
de--ts can he found in the Element E/P Report (Review of
NVtional Defense, Emergency, and Safety Issues Affecting
tho Waterways)

SUMMARY

Certain major conclusions, based primarily on prior
work in NWS, have been incorporated into this discussion
of navigation capability and subsequent analyses. These
are summarized below:

1. Capacity is determined by physical features
of the navigation system and traffic characteristics.

2. The capacity of open channels exceeds present
and projected traffic needs by wide margins with a few
possible exceptions.

3. The capacity for slack water channels is
limited primarily by locks.
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4. Line-haul cost is most strongly influenced by
channel dimensions.

5. Safety is most strongly influenced by human
factors, channel width, channel depth, and physical obsta-
cles.

6. Technological change will not affect capacity
significantly but will affect line-haul cost.

7. Water supply for navigation will be adequate
in the foreseeable future with possible shortages on a few
rivers with low levels of traffic.

8. Other water uses have limited interactions
with navigation and these are significant only on water-
ways with little commercial traffic.

Another important point to understand is that actions
taken to achieve a change in one component (capacity,
line-haul cost, or safety) of capability also affect the
other components. Many of these overlapping effects are
neqligible and, accordingly, it is possible to classify
actions by their primary effects.
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IXHINt IV-l
Poge I of 6

Look Traffic and Capacity in 1977
(millions of tons)

W w58 River/
Rgion Ggmeat Waterway lack NMe Traffic Capacity

Upper Upper Mississippi 3., LWD 25 24.5 60.2
Mississippi Mississippi Minneapolis to lAD 24 24.4 60.2

mouth of LD 22 23.6 40.2
Illinois 3. ID 21 23.0 60.8

L&D 20 22.1 60.0
LSD 19 21.7 49.3

LAD 18 19.7 58.7
LLD 17 19.1 58.2
LAD 16 18.4 56.2
LSD 15 16.0 57.3
LS 14 16.0 57.3
LAD 13 14.1 51.2
LAD 12 14.1 S1.2
LAD 11 13.1 50.3
LD 10 12.7 50.1
LAD 9 12.0 50.6
LaD 8 10.9 50.3
LAD 7 10.7 50.1
L D 6 10.7 50.1
LSD SA 10.0 49.6
LAD 5 10.0 49.6

Lr 4 10.0 49.6
LAD 3 9.5 48.7

LaD 2 10.0 36.1
LAD 1 2.5 19.7
Lower St. Anthony 1.4 9.6

tower Lower Mississippi 3., LLD 26 56.1 73.3
Upper Upper Illinois A. to
Mississippi Mississippi Missouri It.

fuddle iossssippi t.. LAD 27 64.2 146.2

Mississippi Missouri P. to
Ohio R. (chain
of Rocks Canal)
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SKlIIlT IV-I

Page 2 of 6

took Traftic and Capcity in 1977
(millicua ontsos annually)

mWS River/
ratio* semat WatOLrway lack beae Traffic capacity

Baton aIm Ouachita, black A. Jonesville 0.3 26.7

to OWLi Bilck, ed Ouachita R. Columbia 015 26.7
LAD 6 0.01 17.0
TAD 6 0.1 17.3

Ped R., mouth LaD 1 0.02 0.02
to Shreveport

Old and Old 3. Old River 5.1 59.1
Atchafalaya

baton Rouge Fort Allen Bouts Port Allen 14.2 35.2

- Morgan Bayou Sorrel 1.2 "C
3

City Bypass

Bayou Ische Berwick 0.7 WC 
3

Illnois Illinois Illinois S. LaGrange 30.5 46.6

waterway aterway Peoria 28.6 44.4
Starved Pock 22.1 42.7
Marseilles 20.9 33.5

Dresden Island 20.6 42.4
DS Plaines A. Brandon Road 10.6 42.5

Chicago Sanitary Iackport 20.7 33.7

and Ship Canal

Calumet R. T.J. O'Brien 8.7 27.S

Ohio Rlver
4  

"/per Ohio Ohio River, con- Bosworth 20.6 34.0
fluance of Al- Dashielda 21.0 34.9
leghany and Non- Montgomery 13.6 34.9

onqahela Rivers Cumberland 21.5 109.9

to Kanawha River Pike Island 24.5 101.0
Hannibal 27.6 109.6
Willow Island 28.1 107.0

Belleville 28.9 104.7
Racine 30.5 107.6

Middle Ohio River, Gallipolia 37.2 58.1
Ohio Kanawha River Greenup 35.. 100.0

to Kentucky msldahl 31.2 96.6

River Markland 35.7 99.9

Lower Ohio Ohio River. McAlpine 43.7 84.0

Three Kentucky River Cannelton 44.6 107.4
to Green River tevburgh 42.9 104.1
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Lock t&affia and Capacity in 1977
-(illions of tons annually)

Im8 Iwe Rivenr/
Region Segment Materve1 look Kme. Traffic 9peolty

Ohio River Lower Ohio Ohio River, Unliontown 49.3 114.0

Two Green River to "ithlan6 55.6 171.4

Tennessee River

Lover Ohio Ohio River, LAD 52 62.S W
3

One Tennessee River LSD 53 54.7 MC
3

to Mouth

Monongahela Monongehela D 2 14.4 S1.0
River River LSD 3 19.2 37.9

L6 4 14.6 31.7
MaxWell 14.5 59.2
LAD 7 6.2 17.e
LAD 6 4.6 17.9
Irgantovn 1.1 25.6
Hildebrand 0.8 25.S
Opekieka 0.2 11.5

Allegheny Allegheny a. 160 2 3.3 16.4

River laD 3 2.6 14.4
LAD 4 2.5 16.4

L&0 5 1.9 16.4
1D 6 0.01 16.4
LD 7 0.0 16.4
LD 8 0.0 16.4
16D 9 0.0 16.4

Ohio River Kanawhe Kanawha R. infield 8.1 22.3

Rivet Memet 5.2 21.4
London 1.4 20.1

Kentucky Kentucky R. LAD 1 0.S 6.4

River 160 2 0.S 6.4

LD 3 0.5 6.4
LD 4 0.S 6.4
16D S 0.0 6.4
L.D 6 0.0 6.4
iLD 7 0.0 6.4

16D 8 0.0 6.4
1AD 9 0.0 6.4

16D 10 0.0 6.4
16D 11 0.0 6.4

LD 12 0.0 6.4
LD 13 0.0 6.4

160 14 0.0 6.4

Green River Green R. L&0 1 13.3 46.3
LAD 2 11.S 46.3
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EIRIIT KV-I

Page 4 of 6

lack Traffic and Capaoity In 1977
4millions of tons annually)

I iK River/
Rgion Se~nt aterway laok Nan Traffic Capacity

Ohlo River Cumberland cmberlan4 a. Barkley 8.8 36.7
River Cheatham 3.7 36.6

Old Hickory 0.4 19.5
Cordell Wall 0.0 19.S

Tennessee Uprer Tennessee R., Wilson 7.0 36.5
River Tennessee head of navi- wheeler 6.6 33.4

and Clinch gation to Guntereville 4.0 32.0
junction with Mickajack 3.5 33.3
Tann. Tom. Chickamauga 1.4 17.3

Watts Ber 0.4 17.3
Ft. Ioudom 0.2 17.3

Clinch R. Halton Hill 0. 0 1 7.7

Lower Tennessee R., Ientucky 16.5 36.2
Tennessee Junction with Pickwick 0.3 33.7

Tenn. Too. to
mouth

Arkansas Arkansas, Arkaness R. orrel 5.0 31.5
River Verdigris, LD 2 5.0 31.0

White and lAD 3 5.0 32.2
Black Rivers L6D 4 4.0 33.1

LAD 5 4.1 29.S
Terry 4.1 31.2
Murray 2.8 31.6
Toad Buck 2.6 31.2
L6D 9 2.6 31.6
Dardanelle 2.6 31.5
Ozark 2.S 31.6
L&D 13 2.5 31.5
Moyo 2.2 29.5
Karr 2.2 29.S
Webber& Fells 2.1 26.0

Verdigris R. Chouteau 1.3 24.3

Graham 1.2 24.3
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Poge 5 of

Lock Tratfic end Catacity in 1977
(millions of tone ennuaily)

W~dS lMS River/

Region Segment Waterwey lacit Mae Traffic "e.It

Oult Coast QIW West Gulf Intrt- Harvey 7.7 12.5

West One oastal water- Algiers 23.2 35.3

way Bayo fout 3L.0 PC
2

Vermilion 43.0 11C
2

Calcasieu 43.0 NC
2

Gulf Oset w s eat Inner Karbor Inner Harbor 25,3
S  

32.05

Itest One avigation
Canal
Pearl River L&D 1 0.1 17.,

Gulf Coast Apalechicola, Apalachoola Woodruff 0.4 15.3
Bset Chattahoochee. River

rltnt Rivera Chattahoochee Andrews 0.3 9.3

River George 0.2 10.9

Mobile River Black Warrior, Warrior R. Bankha4d 9.0 28.1

and Mobile Harbor molt 11.? 2.4

Tributeries Oliver 12.0 23.6
Warrior 12.0 26.6

Tombiboe R. Dsmopolis 11.1 35.3
Cotfeevllle 11.6 45.7

eabama- Alabama I. Claiborne 0.7 35.3

Coosa Miller* Ferry 0.4 35.3

Jones bluff 0.01 35.3

Tennessee- Tennesse
6  

Gainesville 0.0 0.0

Tombigbee Tombigbee Aliceville 0.0 0.0

Waterway Waterwey olumbue 0.0 0.0

Aberdeen 0.0 0.0

A 0.0 0.0
b 0.0 0.0
C 0.0 0.0
D 0.0 0.0
a 0.0 0.0

Bay Springs 0.0 0.0
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EXIIBT IV-i
Page 6 of 6

Lock Traffic and Capacity in 1977
(millions of tons annually)

faS teaS River/
Hagion Segment Waterway Lock Name Traffic Capacity

Great Lake. Lake Ontario St. Lawrence St. Lambert 39.0 74.98
St. and River Cote Ste. Catherine 39.5 74.98
Lavrence St. Lawrence Lower Beauharnotl 39.8 74.98
seaway - seaway Upper beauharnol 39.8 74.98
New York Snell 39.8 74.98
State Rilenhower 39.6 74.98
Waterwaya

7  
Iroquois 39.8 74.98

Welland Canal 1 47.6 65.78
2 47.6 65.78
3 47.6 65.78

4 47.6 131.49
S 47.6 131-48
6 47.6 131.45
7 47.6 65.78

a 47.6 65.79

Lake Huron St.Mary's R. New Poe 54.06 115.7819
Mac Arthur

Columbia- Upper Snake R. Lower Granite 2.4 32.5
Snake Colunbia- Little Goos 2.4 32.5
Waterway- Snake Lower Monumental 2.4 32.5
Willamette Ice Harbor 2.4 32.5
River Columbia R. NcHary 4.7 32.5

John Day 4.7 32.5
The Dalles 4.7 32.5
Sonnvtlft 5.8 12.3

NOYtS.1 NC - Not computed
(1) Laes than 100,000 tons.
(2) Ho Red River Locks were open in 1977.
(3) Open Pass.
(4) ock level traffic date for main item Ohio River and Maonongahela River locks in

probably under-reported here. An error was diecovered in the data base late in 3WS
and could not be corrected for all calculations. The subject Is addieased in the
sensitivity analysis in Section V of this report.

(5) Domestic traffic only.
(6) No Tanneasee-Thmbigbee Waterway locks were open in 1977.
(7) All data for Great Lakes locks is for United States traffic only.

(8) Adjusted to reflect capacity available for United States traffic only baseJ on
forecast relationships between U.S. and Canadian traffic. Total capacity for both

U.S. and Canadian traffic combined is estimated for 1977 at 93.6 millioa, tons for
each St. Lawrence River Lock, 93.9 million tone for Locks 1. 2, 3, 7 and 6 on the
Weiland Canal, and 144.6 million tone for the Soo Locks. See Appendix C.

(9) All U.S. Locks at Sault Ste. Marie combined.
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EXHIBIT IV-2

Page I of 6

LINE-HAUL COSTS FOR DOMESTIC TRAFFIC IN 1977

Mills Per Ton-Mile
Dry Iron & Liquid

NiS Region NWS Segment Bulk Steel Products Bulk Other

1. Upper Mississippi 1. Upper Mississippi, 5 8 8 17

Minneapolis to
Illinois R.

2. Lower Uppex 2. Lower Upper 7 10 10 21

Mississippi Mississippi,
Illinois R. to

Missouri R.

3. Middle Mississippi, 5 8 8 16

Missour R. to

Ohio R.

3. Lower Mississippi 4. Lower Middle 3 5 5 12

Mississippi, Ohio

R. to White R.

5. Upper Lower 3 5 5 12

Mississippi, White

R. to Old R.

6. Lower Mississippi, 3 5 5 12

Old River to Baton

Rouge

4. Baton Rouge to Gulf 7. Mississippi R., 3 5 5 2

Baton Rouge to

New Orleans

S. Mississippi R. 3 5 5 12

New Orleans to

Gulf
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EXHIBIT IV-2
Page 2 of 6

LINK-HAUL COSTS FOR DOMESTIC TRWrFIC IN 1977

Kills Per Ton-Nile
Dry Iron & U quid

NIS Region WS Segment Bulk Steel Products sulk Other

4. Baton Rouge to Gulf 25. Ouachita, Black 9 10 12 19
(Cont'd) and bd Rivers

26. Old and Atchafalaya 11 11 12 19
Rivers

27. GINN Port Allen 0 9 10 15
Route

S. Illinois Waterway 9. Illinois Waterway 4 a S 17

6. Missouri River 10. Missouri River 11 13 23 17

7. Ohio River II. Upper Ohio, 5 7 13 15
Confluence of
Allegheny and

Monongahe1a to
Kanawha R.

12. Middle Ohio, 4 S 8 15
Kanawha R. to
Kentucky R.

13. Lower Ohio Three, 4 4 7 15
Kentucky R. to
Green P.

14. Lower Ohio Two, 5 5 7 15
Green R. to
Tenneujee R.

15. Lower Ohio One, 6 6 8 15
Tennessee R. to
Muth

16. Nononqhela R. 9 9 16 23
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EXHIBIT IV-2
Page 3 of 6

LINE-HAUL COSTS FOR DOMESTIC TRAFFIC IN 1977

mills Per Ton-Mile
Dry Iron & Liquid

MRNS Region NWS Segqent Bulk Steel Products Bulk Other

7. Ohio River 17. Allegheny R. 11 10 20 22

18. Kanawha R. 14 20 45 75

19. Kentucky R. 11 9 17 24

20. Green R. 8 9 8 34

21. Cumberland R. 5 9 14 19

8. Tennessee River 22. Upper Tennessee and 5 5 13 18
Clinch Rivers, Bead

of Navigation to
Junction with
Tennessee Toabigbee

Waterway

23. Lower Tennessee, 6 6 11 18

Junction with
Tennessee Tombigbee
to Houth

9. Arkansas River 24. Arkansas, Verdigris, a 12 15 19
White and Black
Rivers

10. Gulf Coast West 28. GIWW West One, 9 10 10 23
New Orleans to

Calcasieu R.

29. GIWW West Two, 9 9 21

Calcasieu R.,
to Corpus Christi
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EXHIBIT IV-2
Page 4 of 6

LINZ-HAUL COSTS FOR DOMESTIC TRAFFIC IN 1977

Mills Per Ton-Mile

Dry Iron & Liquid
HNS Region 1N4 Segment bilk Steel Products Bulk Other

10. Gulf coast West 30. GCN West Three, a 9 9 20

Corpus Christi to

Browneville

34. Houston Ship Cha nnel 8 9 9 20

11. Gult Coast East 31. GIWW ast One, 12 12 15 25
New Orleans to

Mobile

32. Mobile to St. Marks, 11 12 14 16

Fla.

33. Florida G(I Coast 3 6 2 3

38. Apalachicola, 16 16 59 16
Chattehoochee, and
Flint Rivers

12. Mobile River and 35. Slack Warrior - 6 9 14 11

Tributaries Mobile Harbor

36. Alabama and Coosa 9 9 13 16

Rivers

37. Tennessee-Tumbigbee
1

Waterway

13. South Atlantic 39. Florida-Georgia 3 6 2 3
Coast Coast

40. Carolinas Coast 3 6 2 3
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EXHIBIT IV-2
Page 5 of 6

LINE-HAUL COSTS FOR DOMESTIC TRAFFIC IN 1977

Mills Per Ton-Mile
Dry Iron & Liquid

NWS Region NWS Segment Bulk Steel Products Bulk Other

14. Middle Atlantic 41. Chesapeake and 3 6 2 3
Coast Delaware Bays

42. New Jersey -- 3 6 2 3
New York Coast

15. North Atlantic 44. Upper Atlantic, 3 6 2 3
Coast New York-Connecticut

Boundary to St.
Croix R., Maine

16. Great Lakes, St. 43. New York State 19 19 21 19
Lawrence Seaway Waterways

45. Lake Ontario and 3 3 4 4
St. Lawrence Seaway

46. Lake Erie 2 3 4 4

47. Lake Huron 3 6 7 6

48. Lake Michigan 2 3 4 4

49. Lake Superior 2 4 4 4

1. .ashington-Oregon 50. Puget Sound 3 6 2 3
Coast

53. Oregon-Washington 3 6 2 3
Coast

18. Columbia-Snake 51. Upper Columbia- 6 6 10 12
Waterway Snake Waterway

52. Lower Columbia- 6 6 10 12
Snake Waterway
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EXIBIT IV-2
Page 6 of 6

LINE-HAUL COSTS FOR DOMESTIC TRAFFIC IN 1977

Mills Per Ton-Mile
Dry Iron & Liquid

NWS Region NWS Segment Bulk Steel Products Bulk Other

19. California Coast 54. Northern California 3 6 2 3

55. San Francisco Bay 3 6 2 3

56. Central-South 3 6 1 3
California

20. Alaska 57. Southeast Alaska 3 6 1 3

58. South Central 3 6 2 3

Alaska

59. West and North 3 6 2 3

Coasts of Alaska

21. Hawaii and Pacific 60. Western Pacific 3 6 2 3

Territories

22. Caribbean 61. Caribbean 2 5 2 3

NOTE: (1) Not in operation in 1977.
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EXHdIBIT IV-3

Paqe I of 4

Site. With Major Sa.ety Poblems

Ri ver-Nlle/ Channel Congested

leion. Seq.ent. Kerbor Dr14jes LcklI/ Configuratione
2
/ Traffic Areas

tUpper Mi sissippi Upper Missisippi 274

310 x

360-365 1

364 x

403-405 x

535 1

578-503 1

697-700 1
723-726 1

tower Uppgr MIddle Miesiesippi 44 8

Nieissippi 172-184 x

Lover Missiseippi lower middle

Misuisippi 1 735-755 x

Upper Lower

Mississippi 361-365
428-445 1

531 1

Blton Auge Baton 9ouge

to Oulf to New Orleans 165-175 x

210-225

225-235 x

109-235 x

Hew Orleans

to Gulf 75-65

05-109 x

0-109

Old and

Atchafalaya Rivers 5 x

30 x

41 x
Baton mouge to

Morgan City 0-3 x

-64

Illinois weterway Illinois Waterway 150-155 x
160-165 X

239-240 x

244-247

270-272 x
286-209 x

290-293 X
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EXHIBIT IV-3

Page 2 of 4

Sites With Major Safety Problems

River-N1LLs/ Channel Congested

Region Segments Harbor bridges Locks 
/  

Corf, .rst ions3/ Traffic Areas

Ohio River Upper Ohio 0-15 X
32 X
53-54 X

0-54 X
95 X

164-165 X
254-2701 X

Niddle Ohio 279 X
304-326 x
340-350 X
460-485 X
531-532 X

Lower-Ohio-
Three 597-607 X X

774-785 1 X
Lower Ohio-
Onet 932-943
D&onongahelar 0-11

Green 8-10 X
71 X
s0 X

Cumberland 126 X
185 X
189-193 X

Tennessee River Upper Tenneesee 301-306 X
414 X
462-471 X

Loer Tennessee 66 X

Gulf Coast West New Orleans to
Calcaeieu River 0-71/ X0-61/ x

13 X
35 X
49-SO X
55-60 X
85-241
113 X
134 X
231 X

16_/ X

Calcasieu to
Corpus Christi 244 X

276-289
353 x
356-359 X

393-405 X X

418 X
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EXHIBIT IV-3
Page 3 .( 4

Sitvs Wdith Major Safety Problems

River-Mile! Chaninel congested

Region Segments Harbor Bridges Locksj/ ConfigurationsY. Traffic res

440-442 X
513 X

Freeport X X

Houston Ship Channel 0-414 X X

Gulf Coast East Hew tirlean to

Mobile Bay 6-A X X
7- 1 o!/ X X

Mississippi
S-o nd X

tansq.oula X

Mobile Bay to
St. marks, Fla Mobil. X

mobile River BlackWaio -

and Tributaries Mobile Harbor 13 X
161, X
173 X
202 x
217 X

219 X
260, X

267 X
19$ X
413 X
41A X
Looust Fork X

Moil K1

South Atlantic F~orida/Ge-cq(A C.At 7 X

(7o8s t 20;-27 S

Savannah X

Mididle Atlantic Chesapeake an
4

coast eleiaare SAY 2-3 X
01 5
0-9 X

New York Coast Newark S

P&,rth Atlamitlo North Atlantic Coast
coas He Haven X

Moston X
PssTtiani S

54



EXEIB1T IV-3

Page 4 of 4

Sites With Major Safety Problems

River-Mile/ Channel Congested
Region Segments Harbor Bridges LocksI/ Configurstional

/  
Traffic Areas

;rest Lakes/ Lake Ontario Massena x
3t. Lawrence and Seaway Johnstown x

;eaway Lake Erie Buffalo X

Cleveland X
Toledo x

Lake Huron Rouge R. X
St. Mary's R. x

Lake Michigan Calumet R. x

Wasington/Organ Puget Sound Seattle x X

Loast
Tacoma X

Columbia- Upper Columbia
Snake Waterway Snake W. 146 x

Lower Columbia-
Snake W. 106 X

0-145 x

California San Francisco
Coast Bay Area; San Franecisco X X

Centra/South LA/Long
California Beach X

Alaska Southeast Alaska X

Hawaii Hawaii Honolulu X

1/ Includes other waterway structures as well

2/ Includes bends and narrow channels; relative to traffic characteristics.

3/ Includes the Kanawha River as well
4 Algiers route

5/ Harvey Canal

6/ Barataria Waterway.
7/ Calcasieu River
_/ Inner Rarbor Navigation Canal

9/ Eastern Branch of Elizabeth River
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V - EVALUATION OF THE PRESENT NAVIGATION SYSTEM

Is the present navigation system capable of accomo-
dating current and projected waterborne commodity flows
safely-and at a linehaul cost consistent with the his-
torical cost relationships among transportation modes? No
simple answer is possible, given the myriad of regions and
shippers served. In fact, as will be seen, the ability of
the present system, barge and towing operators, and vessel
operators to serve waterways-oriented industries varies
substantially by region and scenario over the next
quarter-century.

This section presents findings regarding the capabi-
lity of the present waterways system to accommodate cur-
rent and projected waterborne commodity flows safely and
at a linehaul cost consistent with the historical cost
relationships of transportation modes. The present system
is evaluated under four scenarios and three sensitivity
analyses.

The section is divided into the following major side

headings:

- Present System Description.

- National Evaluation.

- Industry Evaluation.

- Regional Evaluation.

- Obsolete Locks.

- Summary.

After defining the present system, the overall
capabilities of the system are evaluated with regard to
lock capacity and linehaul costs. 1

1
Safety considerations are difficult to generalize in
any meaningful way at the national level.
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The evaluation of the system with regard to the major
waterway industries is also discussed. This discussion
focuses on traffic accommodated, waterborne share of total
commodity supply, and linehaul costs.

Finally, the evaluation of the system with regard to
selected reqions is discussed. The discussion includes
lock capacity, linehaul costs, and safety.

The findings from the sensitivity analyses of pro-
jected use (namely a defense forecast; high coal exports
forecast; and miscellaneous forecasts for the Columbia-
Snake Waterway, Arkansas River, Ohio River, and the Inner
Harbor Navigation Canal) are included in the text as
appropriate. The sensitivity analysis of the impact of
minor structural actions on lock capacity is discussed
briefly when the overall findings regarding lock capacity
are discussed. A more complete treatment of this sensiti-
vity analysis is presented in Appendix E of this report.

PRESENT SYSTEM
DESCRIPTION

The current or baseline United States waterways
system used in the National Waterways Study includes all
navigable and/or maintained rivers, canals, ports and
waterways as of December, 1978. Exhibit I-i contains a
description of all waterways defined as being part of the
baseline system.

In addition, the present system has been defined to
include the completion of the Tennessee-Tombigbee Water-
way; completion of the Red River (Shreveport to Missis-
sippi); the completion of the 12 foot deepening project on
the Lower Mississippi (Cairo to Baton Rouge); a single
1,200' by 110' chamber at Lock and Dam 26 on the Missis-
sippi and Vermillion Lock on the Gulf Intracoastal Water-
way West; two lock chamber replacements on the Ouachita
River; and the second chamber project at the Pickwick Lock
on the Lower Tennessee River.

Before discussing the findings, the principal assump-
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tions of this analysis should be quickly reviewed:

1. The lock capacity, linehaul, and safety analyses
assume that current levels of federally-sponsored activity
for operations, maintenance, and rehabilitation continue
through the year 2003.2

2. Barge and towing companies, vessel operators,
marine terminal operators, and shippers will continue to
attract sufficient investment capital through profitable
service to meet projected equipment and facility
requirements.

NATIONAL
EVALUATION

This evaluation of the present systems focuses on
these measures:

1. Projected usage not accommodated by the
present system due to lock capacity coi~straints.

2. Projected usage for all energy products (coal,
crude petroleum, and petroleum products) not accommodated
due to lock capacity constraints.

3. Average costs of domestic linehaul operations
for domestic inland, Great Lakes, and coastal shipments.

As described in Section III, four alternative scena-
rios of projected use were prepared for NWS. The findings
with regard to each forecast and the sensitivity analyses
are summarized below.

(a) Baseline Scenario

Table V-1 presents the values of key national
measures for the overall system from 1977 to 2003. The

2
This assumption is relaxed in the analysis of
strategies contained in the Element L Report
(Evaluation of Alternative Future Strategies for
Action).
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measures include both estimates of traffic accommodation
and line-haul costs.

1. Traffic Accommodation. The Baseline Scenario
projects domestic waterborne traffic to increase at the
annual compound growth rate of 1.5 percent over the 1977
to 2003 period, while foreign commerce increases at the
slower rate of .7 percent per year. A primary reason for
the much slower growth in import/export tonnage is declin-
ing petroleum imports as conservation and fuel substi-
tution act to reduce the dependence of the United States
on foreign oil supplies. A comparison of total traffic
relative to projected usage reveals a short-term problem
with domestic waterborne movements in 1985 (before the new
1,200' chamber at Dam 26 on the Mississippi River is
brought on stream in 1990), and longer-term shortfalls in
1995 and beyond.

A comment is in order about the level of preci-
sion of the estimates shown in Table IV-l. The carrying
of the percent of tons handled to the nearest tenth of a
percent may convey an impression of accuracy than at first
glance may seem spurious. This calculation was carried to
this level for two reasons. First, if the results were
shown at whole percentages, some results would be falsely
presented. Specifically, the table would convey the false
impression that all foreign traffic could be accommodated.
Second, a whole percent of domestic traffic in 2003 would
correspond to 15 million tons, a number much larger than
the actual shortfall at many locks. Thus, the presentation
in Table V-I corresponds more closely to the actual
analysis.

The national evaluation report for the baseline
scenario also indicates that lock constraints under pre-
sent system configurations restrict, albeit only slightly,
energy traffic on the waterways. In addition, energy traf-
fic as a percent of domestic energy consumption steadily
declines during the forecast period. Increasing dependence
on coal and nuclear power, declining petroleum consumption,
utility site locations favoring rail delivery of coal, and
conversions of water-served utilities to other fuels and
modes all contribute to the over ten percentage point de-
cline in energy movements via water during the forecast
periol.

Figure V-A shows the constraining locks hindering
movement )f beoth foreign and domestic waterborne commerce
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Figure V-A

NWS Constraining Locks:(i)
Baseline Scenario

Locks 1985 1990 1995 2000 2003

Primary(
2 )

Locks & Dam 26(
3 )

Gallipolis

Welland Canal(
4 )

Demopol is( 5 )

Secondary (6)

La Grange

Peoria

Marseilles

Lock & Dam 22

NOTES: (1) Capacity is reached or exceeded by projected usage in
2003.

(2) Constraining locks that, unless expanded, restrict the
amount of traffic to other locks as well.

(3) New 1,200' by 100' chamber is completed in 1990. The
existing 110' x 600' and 110' x 360' constrains until
replaced by the authorized single 110' x 1,200' chamber.
The new chamber, in turn, becomes constraining in 1995.

(4) Locks 1, 2, 3, 7 and 8 only.
(5) Much of the traffic which is constrained at Demopolis

is traffic which would use the Tennessee-Tombigbee
Waterway. Since as an alternative routing is available
to this traffic, it may not actually be diverted from

the system altogether. However, it is worth noting
that the alternative routing also uses three "problem"
locks: Locks and Dam 52 on the Ohio, Lock and Dam 53
on the Ohio, and Inner Harbor Lock on the Gulf

Intracoastal Waterway East.
(6) Constraining only if additional capacity is provided

for the primary (controlling) locks.
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in the forecast period. 3 By the year 2000, two addi-
tional (besides L&D 26) inland locks -- the LaGrange
facility on the Illinois River and Gallipolis lock on the
Ohio -- limit system traffic to near 98 percent of projec-
ted use. Foreign commerce is limited by St. Lawrence Sea-
way lock constraints (Welland 1, 2, 3, 7 and 8) in the
year 2000 and bv -il under the baseline scenario. By
the year 2003, . Lonal inland locks -- the Peoria and
Marseilles LocN- on the Illinois River, L&D 22 on the
Upp-r Mississippi River, and Demopolis on the Warrior
River -- are constraining, and restrict waterborne com-
merce. (A complete list of locks included in the study,
with river and NWS reporting segment definitions, can be
foand in Exhibit IV-l.)

Figure V-A shows locks where capacity falls short
:f pro3ected usage. But, there is a larger number of locks
where increasel traffic congestion may merit replacement
uSI!1 h'e:ifit-cost analysis from project level studies)
i vtrince of a physical shortfall in capacity.

Table V-2 lists locks where increased traffic
:nlWstDoi an] delays can be expected. As can be seen,
,;)me )f thes" locks have comparable traffic levels and
iientical 2hamber dimensions to some of the constraining
lockS. For example, L&D 24 and L&D 25 on the Upper
' ississippi are projected to have somewhat higher traffic
levels than L&D 22 in the year 2003, but the unusually
loro: criambering times at L&D 22 result in a lower level of
capicity at this lock than the otherwise virtually identi-
i-al hainbers downstream.

4

2. Linehaul Costs. Real private waterway costs
for domestic linehaul operations increase at the annual
rate of L.1 percent per year for all shipments, 1.0
percent for internal shipments (rivers and Gulf
Intracoastal Waterway), 0.6 percent for Great Lakes and
St. Lawrence Seaway shipments, and 0.8 percent per year
for coastal operations (see Table V-l). These costs are
in constant 1977 dollars.

Constraining locks are those locks where physical capa-
bility falls short of projected use by 2003 or earlier.

4 The capacity of L&D 22 is "sensitive" to the use of
minor structural actions and is discussed later in this
section.
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Table V-2

Other Locks With Increased Congestion: Baseline Scenario1

NWS Region Lock

Lower Upper Mississippi L&D 27

Upper Mississippi L&D 16, 17, 18, 19, 20,
21, 24 and 25

Illinois Starved Rock
Lockport

Ohio Uniontown
Newburgh
McAlpine
Dashields
Emsworth

Tennessee Kentucky

GIWW West Harvey
Algiers

GIWW East Inner Harbor

Tombigbee-Alabama- Warrior
Black Warrior Oliver

Great Lakes/ St. Mary's River Locks
St. Lawrence Seaway

Columbia-Snake Waterway Bonneville

NOTE: (1) Based on at least 60 minutes of average delay
per tow or vessel. The same criterion is applied
to all other scenarios and sensitivities.
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The methodology and data used in calculating
these linehaul costs are discussed in Appendix D.
Briefly, these costs reflect real increases in energy
prices, the fuel tax on marine diesel fuel for inland
traffic (P.L. 95-502 specifies that the tax will rise to
l0 a gallon by 1985), some savings from improved fuel
consumption, increases in lock delays, and changes in
operating conditions caused by "changes" in the mix of
traffic.k5)

The faster rate of increase in linehaul costs for
internal traffic reflects the fact that increasingly
significant delays are encountered at various locks in
this system.

The rate of increase in linehaul costs is slowest
for coastal traffic, reflecting the fact that only fuel
costs force an increase in real costs here.

(b) High Use Scenario

Table V-3 presents the values of national measures for
the high use scenario.

5
This latter factor merits further discussion. As
was discussed in Section III, the percentage of
total projected use accounted for by dry bulk
commodities (farm products, metallic ores, and coal)
increases dramatically from 25 percent in 1977 to 42
percent in 2003. Since these commodities typically
move in tows and vessels that approach the maximum
accommodated tow and vessel sizes given the varying
channel dimensions of each waterway segment, the
weighted-average linehaul costs reported in Table
V-1 reflect the shift to these relatively low cost
movements (on a per ton-mile basis) and away from
the relatively high cost movements (on a per
ton-mile basis) of other commodities.
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Table V-3

National Evaluation Report

High Use Scenario

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons

Domestic 976.4 1,117.9 1,162.7 1,262.4 1,357.0 1,477.9 1,532.9

Foreign 938.5 975.8 1,044.2 1,034.3 1,110.2 1,145.5 1,194.3

Traffic vs. Projected Usage percent
Domestic 100.0 100.0 99.9 100.0 99.5 98.0 97.0

Foreign 100.0 100.0 100.0 100.0 99.4 q1.8 98.6

Energy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 99.9 100.0 99.8 98.6 97.4

Foreign 100.0 100.0 100.0 100.0 99.7 99.3 99.2

Domestic Energy Traffic percent
vs. Consumption of Energy
Products 40.5 43.6 39.8 34.5 31.6 29.4 27.0

Average Linehaul Costa $/tonmile

National 0.0059 0.0057 0.0062 0.0064 0.0069 0.0075 0.0079

Inland 0.0083 0.0085 0.0091 0.0091 0.0095 0.0102 0.0107

Great Lakes 0.0026 0.0025 0.0026 0.0027 0.0027 0.0029 0.0030
Coastal 0.0018 0.0017 0.0018 0.0019 0.0020 0.0021 0.0022

1. Traffic Accommodation. Under the high use
scenario, total domestic waterborne traffic increases from
976.4 million tons in 1977 to 1,516.4 million tons in
2003, for a compound annual growth rate of 1.8 percent --

compared to 1.5 percent growth under the Baseline
Scenario. Foreign traffic increases to 1,197.7 million
tons, for a compound growth of 0.9 percent per year,
.2 percent per year faster than in the base-line forecast.

Once again, a comparison of total traffic
relative to projected usage reveals a short-term problem
with domestic waterborne movements in 1985 before the new
1,200' chamber at L&D 26 on the Upper Mississippi is
brought on stream. The short-falls in lock capacity in
1995 and beyond, however, are substantially greater than
those under the baseline scenario. A total of 17 million
tons of foreign commerce and another 42 million tons of
domestic commerce are not accommodated by the present
system.

The national evaluation report for the High Use
Scenario also indicates that constraining locks limit more
than two percent of domestic energy shipments. This
exceeds the limitations encountered under the baseline
scenario.

Waterborne energy products traffic declines to
near 28 percent of domestic consumption by the year 2003,
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co-pared to 41 percent in 1977. Heavy dependence on the
waterways for petroleum movement, primarily imports at
coastal ports, coupled with substantial substitution away
from oil as a fuel in the forecast period are responsible
for the declining importance of waterways in energy
traffic.

Figure V-B shows the constraining locks hindering
movement of both foreign and domestic traffic. The locks
on the Welland Canal section of the seaway act as con-
straints on United States foreign commerce by 1995, five
years earlier than under the baseline scenario. Addi-
tional Ohio River (Uniontown) and Warrior River (Holt,
Warrior, and Oliver) locks are identified as at or exceed-
ing capacities by the year 2003, further restricting
waterborne foreign and domestic traffic to levels two or
three percent below projected usage.

6

Once again, there is a much larger set of locks
where increased traffic congestion may merit replacement
in advance of a physical short fall in capacity. Table
V-4 lists these locks.

It should be noted the additional coal flows were
added to the High Use Scenario after the location of
the proposed synfuel plant was made public in 1980 on
the Monongahela and Upper Ohio Rivers. The increased
tonnage due to the proposed synfuel plant is
discussed in Section III. Increased lock congestion
and delays at Monongahela and Ohio locks will result
from this increased traffic. However, these flows
did not result in a shortfall in lock capacity. The
reasons were that: 1) the larger average tow size
improved chamber utilization and increased capacity
and 2) these particular coal flows, which were moving
in the opposite direction of the major coal flows,
increased the percentage of loaded barges at the
affected locks and increased lock capacity. This
finding emphasizes the need for future lock capacity
studies to take into account "system-wide" effects of
new commodity flows.
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Figure V-B

NWS Constraining Locks: (1)
High Use Scenario

Locks 1985 1990 1995 2000 2003

Primary (2)

Lock & Dam 26 (3)

Welland Canal (4)

Gall ipol is

Demopolis (5)

Secondary (6)

La Grange

Marseilles

Peoria

Lock & Dam 22

Uniontown

Warrior

Oliver

Holt

NOTES: (1) Capacity is reached or exceeded by projected usage in
2003.

(2) Constraining locks that, unless expanded, restrict the
amount of traffic to other locks as well.

(3) New 1,200' by 100' chamber is completed in 1990.
(4) Locks 1, 2, 3, 7 and 8 only.
(5) Much of the traffic which is constrained at Demopolis is

traffic which would use the Tennessee-Tombigbee
Waterway. Since an alternative routing is available to
this traffic, it may not actually be diverted from the
system altogether. However, it is worth noting that the
alternative routing also uses three "problem" locks:
Locks and Dam 52 on the Ohio, Lock and Dam 53 on the
Ohio, and Inner Harbor Lock on the Gulf Intracoastal
Waterway East.

(6) Constraining only if additional capacity is provided for
the primary (controlling) locks.
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Table V-4

Other Locks With Increased Congestion: High Use Scenario

Region Lock

Lower Upper Mississippi L&D 27

Upper Mississippi L&D 16, 17, 18, 19, 20,
21, 24 and 25

Illinois Starved Rock
Dresden Island

Lockport

Ohio Newburgh
McAlpine
Dashields

Emsworth
Montgomery

Tennessee Kentucky

GIWW West Harvey
Algiers

GIWW East Inner Harbor

Tombigbee-Alabama- Coffeeville
Coosa-Black Warrior

Great Lakes/ St. Mary's River Locks
St. Lawrence Seaway

Columbia-Snake Waterway Bonneville
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2. Linehaul Costs. Real operating costs do not
change substantially from the Baseline results, with the
exception of Great Lakes/Seaway shipments. The linehaul
costs for inland shipments actually decline slightly
relative to the value for the baseline scenario, because
the increased costs from lock delays are off-set by the
reduction in the weighted-average costs of all inland
shipments due to the larger proportion of coal traffic
moving at relatively low ton-mile costs.

(c) Low Use
Scenario

Table V-5 presents the values of key national measures
for the overall system from 1977 to 2003.

Table V-5

National Evaluation Report
Low Use Scenario

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million ton
Domestic 976.4 1,110.6 1,147.1 1,184.4 1,238.4 1,294.1 1,333.2
Foreign 938.5 952.0 1,004.9 967.6 1,002.2 1,004.4 1,046.6

Traffic vs. Projected Usage percent
Domestic 100.0 100.0 99.8 100.0 99.9 99.3 99.8
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projectee Usage percent
Domestic 100.0 100.0 99.9 100.0 100.0 99.7 99.5
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Domestic Energy Traffic percent
vs. Consumption of Energy
Products 40.5 41.8 39.4 36.7 34.7 31. ' 30.3

Average Linehaul Costs $/tonaile
National 0.0059 0.0058 0.0063 0.0066 0.0071 0.0078 0.0081
Inland 0.0083 0.0085 0.0090 0.0092 0.0097 0.0104 0.0109
Great Lakes 0.0026 0.0025 0.0025 0.0027 0.0028 0.0029 0.0030
Coastal 0.0018 0.0017 0.0018 0.0019 0.0020 0.0021 0.0022

1. Traffic Accommodation. The low use scenario
has domestic waterborne traffic growing at the rate of 1.2
percent per year, with foreign commerce increasing at a
0.4 percent rate -- both substantially slower increases
than under the baseline scenario. During the forecast
period, domestic traffic not served remains near one per-
cent of total projected usage. A relatively small amount
(15 million tons) of domestic tonnage is not accommodated
by the present system, but all foreign traffic is
accommodated.
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Just as in the case of the other two scenarios
discussed above, waterway shipments of energy products
(coal, petroleum products, and crude petroleum) as a
percent of total energy consumption declines.

Constraining locks are shown in Figure V-C. Lock
and Dam 26 on the Mississippi River is a consistent prob-
lem throughout the forecast period, although construc-
tion by 1990 of a new, single chamber facility alleviates
the problem until 1995, when a second chamber is likely to
be needed. This finding with regard to Lock and Dam 26 is
all the more startling in view of the substantially lower
corn export shipments under the low use scenario compared
to other scenarios. By the year 2003, capacities at the
LaGrange and Marseilles locks on the Illinois River, the
Gallipolis lock on the Ohio River, and the Demopolis and
Oliver facilities on the Warrior River system are forecast
to fall short of projected usage as well.

The higher imports of steel products under the
low use scenario explain in part why the capacities of the
Demopolis and Oliver facilities fall short of projected
usage.

As might be expected, a smaller set of locks are
potential candidates for replacement based on project-
level analysis of benefits and costs. Table V-6 presents
these locks. It should be noted that, despite the
markedly lower corn shipments under the low use scenario,
five locks on the Upper Mississippi and three locks on the
Illinois River still have significant increases in delay
times.

2. Linehaul Costs. The cost increases for
domestic shipments are in line with those expected under
the baseline scenario. The delays at the Well and Canal
and the Seaway locks force the real costs of Great
Lakes/Seaway traffic to grow faster than the costs for
inland and coastal traffic. However, delays at Lock and
Dam 26 along with other Upper Mississippi and Illinois
locks cause the costs of inland shipments to increase
faster than those for all coastal shipments.
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Figure V-C

NWS Constraining Locks: (1)
Low Use Scenario

Locks 1985 1990 1995 2000 2003

Primary (2)

Lock & Dam 26 (3)

Gall ipol is -

Demopolis (4)

Secondary (5)

Oliver

LaGrange

Marseilles

NOTES: (1) Capacity is reached or exceeded by projected usage in
2003.

(2) Constraining locks that, unless expanded, restrict the
amount of traffic to other locks as well.

(3) New 1,200' by 10' chamber is completed in 1990. The
existing 110' x 600' and 100' x 360' constrains until
replaced by the authorized single 110' x 1,200'
chamber. The new chamber, in turn, becomes constraining
in 1995.

(4) Much of the traffic which is constrained at Demopolis is
traffic which would use the Tennessee-Tombigbee
Waterway. Since an alternative routing is available to
this traffic, it may not actually be diverted from the
system altogether. However, it is worth noting that the
alternative routing also uses three "problem" locks:
Locks and Dam 52 on the Ohio, Lock and Dam 53 on the
Ohio, and Inner Harbor Lock on the Gulf Intracoastal
Waterway East.

(5) Constraining only if additional capacity is provided for
the primary (controlling) locks.
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Table V-6

Other Locks With Increased Congestion:
Low Use Scenario

Region Lock

Upper Mississippi L&D 19, 20, 21, 22, 24 and
25

Illinois Peoria
Starved Rock
Lockport

Ohio Un iontown
McAlpine
Emsworth

Tennessee Kentucky

GIWW East Inner Harbor

Tombigbee-Alabama- Warrior
Coosa-Black Warrior Holt

Great Lakes/ St. Mary's River
St. Lawrence Seaway Welland Canal*

Columbia-Snake Waterway Bonneville

NOTE: Utilization exceeds 99% of practical capacity, but
falls short of 100%.

(d) Bad Energy
Scenario

Table V-7 presents the values of key national measures
for the Bad Energy Scenario.

1. Traffic Accommodation. The bad energy sce-
nario, as indicated earlier, reflects a more rapid evolu-
tion of world industry away from the use of petroleum as a
primary fuel. Thus, both total industry output as well as
energy use is affected. Domestic waterborne traffic
increases at 1.5 percent per year to the year 2003,
slightly slower than under the baseline forecast. Lower
potential output growth due to technological lags in
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Table V-7

National Evaluation Report
Bad Energy Scenario

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons
Domestic 976.4 1,115.3 1,158.3 1,246.9 1,313.7 1,363.7 1,428.5
Foreign 938.5 980.1 1,054.5 1,030.7 1,048.3 1,029.0 1,085.8

Traffic vs. Projected Usage percent
Dameatic 100.0 100.0 99.1 99.4 99.3 98.9 97.2
Foreign 100.0 100.0 99.8 99.3 99.1 98.9 98.3

Energy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 99.7 99.8 99.7 99.6 98.3
Foreign 100.0 100.0 99.9 99.7 99.5 99.3 98.9

Daestic Energy Traffic percent
vs. Consumption of Energy
Products 40.5 41.9 39.4 37.9 36.0 32.9 1.1

Average Linehaul Costs $/tonmile
National 0.0059 0.0058 0.0063 0.0066 0.0070 0.0077 0.0081
Inland 0.0083 0.0085 0.0090 0.0091 0.0095 0.0102 0.0107
Great Lakes 0.0026 0.0025 0.0026 0.0027 0.0027 0.0029 0.0029
Coastal 0.0018 0.0017 0.0018 0.0019 0.0020 0.0021 0.0022

introducing new equipment and facilities not dependent on
petroleum fuels is the primary reason behind the slower
economic growth. Foreign traffic increases at 0.6 percent
per year in the bad energy scenario, indicative of slower
overall growth in the world economy due to much higher
energy prices.

A comparison of total traffic handled relative
to projected usage reveals continuous problems from 1985
onwards for both domestic and foreign shipments. The
overall shortfall in lock capacity by the year 2003 is
comparable to the shortfall under the high use scenario.
An estimated 34 million tons of domestic shipments and
another 18 million tons of foreign shipments are not
accommodated by the present system during 2003.

In addition, approximately one percent of energy
shipments (both foreign and domestic) are not accommodated
by the system.

Figure V-D shows the constraining locks under the
bad energy scenario.

173

I * I ... . . . , ,



Figure V-D

NWS Constraining Locks: (1) Bad Energy Scenario

Locks 1985 1990 1995 2000 2003

Primary (2)
Lock & Dam 26

Welland Canal (3)

Uniontown

Demopolis (4)

Secondary (5)
LaGrange

Lock & Dam 22

Peoria

Marseilles

Gallipol is

Oliver

NOTES: (1) Capacity is reached or exceeded by projected usage in
2003.

(2) Constraining locks that, unless expanded, restrict the
amount of traffic to other locks as well.

(3) Locks 1, 2, 3, 7 and 8 only.
(4) Much of the traffic which is constrained at Demopolis is

traffic which would use the Tennessee-Tcmbigbee
Waterway. Since an alternative routing is available to
this traffic, it may not actually be diverted from the
system altogether. However, it is worth noting that the
alternative routing also uses three "problem" locks:
Locks and Dam 52 on the Ohio, Lock and Dam 53 on the
Ohio, and Inner Harbor Lock on the Gulf Intracoastal
Waterway East.

(5) Constraining only if additional capacity is provided for
the primary (controlling) locks.
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Lock and Dam 26 is a pursi ttnt: pi,.Lem through-
out the forecast period dui to the higher nipments of
grain from Illinois and U;nper Mississippi }Rver points to
the Baton Rouge -- New Orleans area. Projected usage also
exceeds the capacities of five of the Welland Canal
facilities in 1985 and beyond. This problem is also due
in part to increased overseas grain shipments.

By 2000, the LaGrange lock on the Illinois River
and the locks at Uniontown on the Ohio River are constrain-
ing. By 2003, Lock and Dam 22 on the Upper Mississippi;
Peoria and Marseilles Locks on the Illinois; Gallipolis on
the Ohio; and Demopolis and Oliver on the Warrior
constrain waterborne shipments.

Table V-8 lists those locks where increased
traffic congestion and delays may justify replacement in
advance of a physical shortfall in capacity based on
delays.

2. Linehaul Costs. Real linehaul cost increases
affect primarily inland systems in the forecast period.
Heavy growth in coal traffic is a major reason for the
higher congestion and the resultant increases in delay
costs.

(e) Sensitivity

-Anal yLs i__

Several sensitivity analyses were conducted
during the course of the evaluation of the present
navigation system. These analyses evaluated the
sensitivity forecasts summarised in Section III ard
examined selected locks in greater detail. These are
discussed in turn.

1. Defense Forecast. All of the sensitivity
forecasts were treated as modifications to the High Use
Scenario. The purpose in doing so was to see if
additional locks would become constraining or if any
previously identified constraining locks would constrain
earlier.

L- 7 5
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Table V-8

r ... :. With Increased Congestion: Bad Energy Scenario

Repon Lock

'ipper M4ssissippi L&D 16, 17, 18, 19, 20,
21, 24 and 25

Illinois Starved Rock
Lockport

'Ohio Newburgh
McAlpine
Emsworth
Montgomery
Dashields

me, me.se Kentucky

,31WW West Harvey
Algiers

3[WW East Inner Harbor

Tombigbee-Alabama- Warrior
Goose-Black Warrior Holt

Great Lakes/ St. Mary's River Locks
St. Lawrence Seaway
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Except for the Great Lakes, the present system is

capable of handling most flows under the postulated
emergency. The following locks are constraining in ]9915
under the defense forecast:

7

- St. Mary's River Locks on the G,:eat Lakes

- Gallipolis on the Upper Ohio.

- Marseilles on the Illinois.

By far and away, the single most important
constraint is the lack of lock capacity at the St. Marys
River between Lakes Superior and Huron. A shortfall in
annual throughput capacity of nearly 70 million tons
occurs at this point in 1990. With massive new
requirments for steel, projected movements of metallic
ores on the Great Lakes jump from 56.3 billion ton-milec
in 1985 to 151.4 billion ton-miles in 1990, an increase nf
nearly 200 percent. Such a shortfall in lock capacity
indicates that the United States would have serious
problems in moving raw materials to United States mills
during a wartime production period.

The shortfalls in capacity at Marseilles and
Gallipolis are much less severe. In both cases,
approYmacteLy 2 million tons of traffic cannot be
acco.,.,o(iated. The increased flows of steel, chemicals,
and petroleum related to war production activity greatly
increase the utilization of these chambers.

Finally, Table V-9 presents a list of locks where
delays increase significantly during the height of the
conflict in 1990. As can be seen, there is severe lock
congestion through-out the Upper Ohio River, and the
entire Illinois River as well as at key points such as
Lock and Dam 26 and the Welland Canal section of the St.
Lawrence Seaway.

7
It is interesting to note that, with the completion of
the new chamber at Lock and Dam 26, there is just
barely enough lock capacity to handle waterborne flows
in 1990. Thus, the new chamber is fully utilized
during its first year of operation under the assumed
defense emergency condition.
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Table V-9

Other Locks With Increased Congestion: Defense Forecast

Region Lock

Lower Upper Mississippi Lock and Dam 26

Upper Mississippi Lock and Dam 22

Illinois LaGrange
Peoria
Starved Rock
Dresden Island
Lockport

Ohio McAlpine
Montgomery
Dashields
Emsworth

Tennessee Kentucky

GIWW West Harvey
Algiers

GIWW East Inner Harbor

Tombigbee-Alabama-Coosa- Oliver
Black Warrior

Great Lakes/St. Lawrence Seaway Welland Canal
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2. High Coal Exports Constraining locks under
this forecast are shown in Figure V-E. The major differ-
ences between the High Use and High Coal Export forecasts
in terms of constraining locks occur on the Tombigbee-
Warrior River System, the Ohio River and the Gulf. Heavy
increases in downbound coal from the Tennessee and Warrior
River systems put tremendous strain on the Tombigbee-
Warrior River System locks, beginning in 1990 with
Oliver. By 1995, the Demopolis lock also reaches 100%
utilization. The Coffeeville and Holt facilities reach
their capacity limits by the year 2000 if capacity is
added at. Demopolis and Oliver under the High Export
scenario, with high delays developing by the late 1990s.
Finally, in 2003, the Bankhead facility reaches capacity
assuming that constraints in the rest of this system are
relieved. Projected usage at all Warrior and Tombigbee
River locks reach or exceed capacity under the High Coal
Export forecast by the end of the study period. Higher
coal exports via Mobile, Alabama are the major reason for
the capacity problems at Tombigbee-Warrior River locks.

Again, relative to the High Use scenario, the
Tnnerhazbcor lock reaches capacity (assuming that addi-
tional lock capacity is provided at other sites with
sinificant traffic interaction) in the year 2003 due to
increased export coal traffic projections on the Missis-
sippi River. By 2003, almost 4% of the projected
tonnage at this lock cannot be handled.

Pinally, higher coal traffic on the Ohio River
for export, r-lative to the High Use scenario results in
the Newburgh and McAlpine locks exceeding capacity limits
in the year 2003 (assuming that additional capacity is
added at Gallipolis) with projected use exceeding estima-
ted capacity by less than one percent. 9

All three of these locks have substantial delays under
other scenarios.

9
All three of these locks have substantial delays under
other scenarios.
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Figure V-E

NWS Constraining Locks: (1) High Coal Exports Scenario

Locks 1985 1990 1995 2000 2003

Primary (2)

Lock & Dam 26 (3)

Welland Canal (4)

Oliver

Gallipolis

Uniontown

Secondary (5)

Demopolis (6)

Cof feeville (6)

Holt

Bankhead

Warrior

La Grange

Marseilles

Peoria

Lock & Dam 22

Inner Harbor

Newburgh

McAlpine -
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Figure V-F
(Continued)

NWS Constraining Locks: High Coal Exports Scenario

NOTES: (1) Capacity is reached or exceeded by projected
usage in 2003.

(2) Constraining locks that, unless expanded,
restrict the amount of traffic to other locks
as well.

(3) New 1,200' by 100' chamber is completed in
1990.

(4) Locks 1, 2, 3, 7 and 8 only.
(5) Constraining only if additional capacity is

provided for the primary (controlling) locks.
(6) Much of the traffic which is constrained at

Demopolis and Coffeeville is traffic which
would use the Tennessee-Tombigbee Waterway.
Since an alternative routing is available to
this traffic, it may not actually be diverted
from the system altogether. However, it is
worth noting that the alternative routing
also uses three "problem" locks: Locks and
Dam 52 on the Ohio, Lock and Dam 53 on the
Ohio, and Inner Harbor Lock on the Gulf
Intracoastal Waterway East.
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3. "Other" Adjustments. As might be expected,
the finlings with regard to luck couistr iints differ
somewhat under this sensitivity m:ilysis. The following
differences between this analysis il the }1igh Use
scenario occurred:

(a) Inner Harbor Lock capacity (n the GIWW East
is reached in 1985. (The data adjustment
which results in this conclusion would also
cause this lock to become a constraint under
all scenarios during the study period.)

(b) Bonneville Lock capacity on the Upper
Columbia is reached in 1990.

(c) Gallipolis Lock on the Upper Ohio reaches
capacity in 1995 (five years earlier than the
High Use scenario).

(d) McAlpine Lock on the Ohio reaches capacity in
2000 (assuming that additional capacity is
added at Gallipolis).

(e) Montgomery lock on the Upper Ohio also
reaches capacity in 2003 (assuming that
additional capacity is added at Gallipolis).

No shortfalls in lock capacity took place on the
Arkansas River and the Monongahela River.

4. Lock Capacity Analysis. The basic lock capa-
city calculations under the High Use scenario were exami-
ned for a few selected locks to review the effects of
changed assumptions or different mixes of actions to in-
crease capacity. These analyses are presented in detail
in Appendix E and are summarized below.

a. Minor Structural Actions. Appendix E
presents an analysis of the possible impacts on capacity
of selected site specific, minor structural actions based
on unique site characteristics. Such actions would
possibly be taken by the Corps of Engi-eers on the basis
of project-level analysis. The NWS eqtiation for lock
capacity did not incorporate such actions and investiga-
tion of such actions is beyond the original scope of the
NWS.
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The locks involved are Lock and Dam 22 on the
Upper Mississippi, Marseilles Lock on the Illinois, and
the Welland Canal locks of the St. Lawrence Seaway.

The findings of this analysis are:

- Minor structural actions at Lock and Dam 22
could possibly delay the period at which the
lock becomes a physical constraint, assuming
that a second 1200' by 110' chamber is
constructed at Lock and Dam 26. Lock and Dam
22 was found to be constraining under the
Baseline and High Use scenarios in 2003.

- Minor structural actions at Marseilles could
possibly delay the period at which the lock
becomes a physical constraint, assuming that
there is adequate capacity at Lock and Dam
26. Marseilles was Lrund to be constraining
under all four scenarios by 2003.

- Minor structural actions at the Welland Canal
locks, if proven effective in field
studies, could possibly delay the period at
which these locks become a physical
constraint. These locks were found to be
constraining under three of the four
scenarios.

b. Recreational Usage at Selected Locks.
in response to a comment at the November 1980 public meet-
ings, the effect of allowing for continued recreational
usage of locks at base period levels on the Mississippi
River and Illinois Waterway was examined to see if any
additional locks would be constrained under the High Use
scenario. No additional locks were constrained and the
conclusions remain unchanged.
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c. Restricted Navigation Seasons. The
effect of less than year round navigation on the Upper
Mississippi, and the Great Lakes-St. Lawrence Seaway, was
examined to see if season extensions would change the
conclusions about whether or not locks would be con-
straints under the High Use scenario. In all cases season
extensions would provide significant increases in capa-
city. However, this finding is significant only for the
Great Lakes-St. Lawrence Seaway. For this region, season
extension may remove all capacity constraints under the
High Use scenario. Season extension would provide relief
but would not remove the capacity constraint at the St.
Mary's River locks under the defense emergency sensiti-
vity. These different conclusions have to be tempered in
that neither locks nor vessels operate as efficiently in
winter as in other seasons. However, this level of detail
was not reviewed.

d. Open Pass Conditions. The effect of open
pass conditions at two sites, Calcasieu Lock on the Gulf
Intracoastal Waterway and Locks and Dams 52 on the Ohio
River was examined to see if a different treatment of open
pass conditions at these sites would change the conclu-
sions regarding constraints under the High Use scenario.
Calcasieu Lock was found not to constrain traffic even in
the total absence of open pass conditions. Locks and Dam
52 was found to be a potential constraint under the High
Use scenario.

INDUSTRY EVALUATION

In order to examine the impacts on major water trans-
portation users, the 14 NWS reporting commodities were
aggregated to seven industry sectors:

1. Agriculture (includes farm and food products).
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2. Fertilizer/Chemicals.

3. Steel (includes metallic ores and primary
metal products).

4 Coal.

5. Petroleum (includes crude petroleum and
petroleum products).

6. Forest Products (includes lumber and wood
products, pulp, paper and products).

7. Other (includes nonmetallic minerals; stone,
clay, glass, and concrete products; waste and scrap; and
other ) .

This evaluation focuses on the commercial users of
water transportation. The present system's ability to
accommodate current and projected waterborne traffic
affects these industries directly. The industry measures
are :

I. Projected usage not accommodated due to lock
capacity constraints for each of seven waterborne
indistr ites.

2. Share of domestic waterborne traffic as a
percentage of total supply for each seven waterborne
industries.

3 Average costs of linehaul operations for
domestic shipments of seven waterborne industries.

The findings with regard to each industry are
discussed below.
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1. Traffic Accommodation. Domestic projected
usage for this industry Tcreases from 69 million tons in
1977 to 123 million tons under the Low Use Scenario and 35
million tons under all other scenarios by 2003. For all
scenarios except the Low Use scenario, agricultural
waterborne traffic continues to be one of the fastest
growing commodities during the forecast period, having a
3.0% annual compound rate of A rowth for the Basel ine
scenar io.

Exports oL JLain and grain pr-oducts increase from
137 million tons in 1977 to 296 million tons under the Low
Use scenario and 329 million tons under the Bad Energy
scenario by 2003. For the Baseline scenario, grain export
traffic grows at a 3.5t annijal compound rate.

Table V-10 comipJare- agricultural traffic versus
projected usage by NWS scenario. The percentage of
domestic projected usage not accommodated is the highest
for Bad Energy. Under the Bad Energy scenario, nearly 15
percent of domestic projected usage in 2003 cannot be
accommodated. This traffic not accommodated exceeds 19
million tons in 2003. However, even under the Low Use
scenario, over 6 percent of domestic projected usage
cannot be acommodated in the year 2003. This traffic not
accommodated is nearly 8 million tons in 2003.

Generatly, only I to 2% of the projected usage of
exports of grain and grain products cannot be accommodated
by the present system due to shortfalls in the capacities
of the Welland Canal. All foreign traffic is accommodated
during the entire forecast period under the Low Use sce-
nario, but as much as 6 million tons are not accommodated
under the Bad Energy scenario in the year 2003.

The shortfall in lock capacity at Lock and Dam 26
(even with the construction of the new 1200' by 110'
chamber) is the principal reason for the large number of
tons of domestic projected usage that cannot be accommo-
dated.



Table V-1O

Agriculture Traffic Handled V,-r:;us

Projected Usage_ _NWS Scycar-c

1985 1990 19 9 0o0 2003

Basel ine
Domestic 99% 100% 96.6% 91. ] 89.4%
Foreign 100 100 100.0 99.8 99.5

High Use
Domestic 99 100 96.6 91.4 89.3
Foreign 100 100 99.3 98.6 98.4

Low Use
Domestic 98.6 100 95.2 92.6 93.5
Foreign 100 100 100 100 100

Bad Energy
Domestic 93.9 95.5 95.0 92.6 85.5
Foreign 99.7 99.0 98.8 98.8 98.2

Major waterway regions originating domestic agricul-
tural traffic for export are the Upper Mississippi, Lower
Upper Mississippi, Illinois and Ohio Rivers and the
Columbia-Snake Waterway. Very little agricultural traffic
is not accommodated on the Ohio River and the Columbia-
Snake Waterway has sufficient lock capacity at Bonneville
(potentially the most constraining lock) under all four
scenarios to accommodate domestic agricultural traffic.
But, a shortfall in lock capacity at Lock and Dam 26
limits domestic agricultural shipments from the Upper
Mississippi, Lower Upper Mississippi and Illinois Rivers.

For the Upper Mississippi River, projected usage under
the Baseline scenario rises from 13.2 million tons in 1977
to 33.3 million tons by the year 2003. As much as 22% of
the projected usage in agriculture for the region can not
be handled in 2003 due to the shortfall in capacity of the
new chamber at Lock and Dam 26.
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Projected usage in agriculture for the Lower Upper
Mississippi grows from 36.0 to 78.6 million tons in 2003
under the Baseline scenario. The shortfall in capacity at
Lock and Dam 26 limits actual agricultural traffic to 82%
of projected usage in 2003.

Projected usage in agriculture for Llie l1linc;: !fivcr
increases from 16.0 to 31.1 million tons during the fore-
cast period. However, due to the shortfall in capacity at
Lock and Dam 26, only 78 percent of the projected usage in
2003 can be accommodated.

Finally, the shortfall in capacity at Lock and Dam 26
also affects the amount of grain terminating in the Baton
Rougeto-Gulf region. Due to this up-river constraint,
over 20 percent of projected terminations do not even
reach the region in 2003, under the Base scenario.

2. Domestic Traffic Versus Total Industrial
Suppjy. Under all four scenarios, the share of domef.tic
agricultural traffic as a percent ol Yoited States
production in creases. Under the Ba',> I ine .,'enario, this
share increases from 18% to 25 percent. Thus, Jespite the
shortfalls in capacity at Lock and Dam 26, the reliance on
the waterways for the agriculture indost,.Y i projected to
increase.

3. Linehaul Costs. On average, domestic line-
haul costs per ton-mile increase from 4.3 mills to 6.8
mills (in 1977 dollars) by 2003 under the Baseline sce-
nario. This rate of increase is somewhat faster than that
for other industries and reflects the substantial lock
delays on the Lower Upper Mississippi, Upper Mississippi,
and Illinois Rivers as well as the lock delays at the
Welland Canal and the St. Lawrence River.

4. Other Scenarios. The variations in projected
use for this industry vary from the Baseline only under
the Low Use and Bad Energy scenarios. In general Agricul-
ture fares better under Low Use. Under the Bad Energy
scenario agriculture fares worse than in any other
scenario, with 24 million tons not accommodated. Other
measures Lo not vary significantly across scenarios.
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(b) Fertilizer/
Chemicals

1. Traffic Accommodation. In general, water-
borne fertilizer/chemical tonnage originates on the Gulf
Intracoastal Waterways and Lower Mississippi River and
terminates upstream at receiving facilities.

Domestic projected usage for these industries
increases from 46.1 million tons in 1977 to 89.8 million
tons under the Low Use Scenario and 95.1 million tons
under the other scenarios in 2003. This is an annual
compound rate of growth of approximately 3 percent.

Foreign projected usage for these industries
increases from 31.7 million tons to approximately 41.9
million tons in 2003 at a relatively slow annual rate of
growth (1.1%).

In sharp contrast to the agriculture industry,
only a relatively small percentage of domestic chemical/-
fertilizer flows cannot be accommodated (See Table V-il).

Table V-11

Fertilizer/Chemical Traffic Handled

Versus Projected Usage by NWS Scenario

1985 1990 1995 2000 2003

Basel ine
Domestic 99.7% 100% 99% 97.1% 96.2%
Foreign 100 100 100 100 100

High Use
Domestic 99.7 100 99.1 96.4 95.0
Foreign 100 100 99.9 99.9 99.9

Low Use
Domestic 99.6 100 99.8 98.5 97.8
Foreign 100 100 100 100 100

Bad Energy
Domestic 98.3 98.8 98.6 91.9 95.4
Foreign 100 100 100 99.9 99.9
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Under the Baseline Scenario, an estimated 3.6
million tons of waterborne chemical/fertilizer shipments
cannot be handled in 2003. The majority of these
unaccommodated shipments, approximately 2.7 million tons,
are due to Lock and Dam 26, the remaining shipments are
limited by the shortfall in capacity of Gallipolis Lock on
the Upper Ohio.

Once again, in contrast to the agriculture
industry, no locks constrain the foreign shipments of
chemicals/fertilizers during the forecast period.

Gulf Coast West originations of chemical/ferti-
lizer tonnage are projected to double during the forecast
period to 42 million tons. But, approximately 2 percent
of these flows cannot be accommodated due to up-river lock
constraints.

Gulf Coast East originations are only 20 percent
of those for the Gulf Coast West, but the impact of up-
river lock constraints is nearly identical to that of the
GIWW West. Approximately 1 to 2% of these flows cannot be
accommodated in 2003.

Projected usage of the Lower Mississippi and
Baton Rouge-to-Gulf regions is affected more dramatically
by the upriver lock constraints. An estimated 10 percent
of these flows cannot be accommodated due to lock capacity
shortfalls in 2003.

With regard to terminations, Illinois River
chemical/fertilizer flows are expected to fall 20% below
projected usage due to lock constraints. Ohio River
chemical/fertilizer flows are projected to double to 18.7
million tons, but 5% of these flows cannot be accommodated
in 2003. Upper Mississippi River terminations are
projected to grow to 5.1 million tons from 2.1 million
tons in 1977, but 20% of these terminations cannot be
accommodated.
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2. Linehaul Costs. On average, domestic
linehaul costs per ton-mile increase from 7.9 mills to
1.8 mills (in 1977 dollars) an increase below that of the
agriculture industry both in percent and in absolute
amounts.

3. Other Scenarios. In general this evaluation
measures for this industry do not vary significantly
across the other scenarios.

(c) Steel

1. Traffic Accommodation. Domestic projected
usage for the steel industry increases from 61.5 million
tons in 1977 to 129.2 million tons under the Low Use
scenario and 152.8 million tons under the Baseline and
High Use scenarios in 2003. Much of this domestic traffic
is iron ore moving on the Great Lakes.

Foreign projected usage for the steel industry
increases from 88.1 million tons in 1977 to 148-150
million tons in 2003. This traffic represents imported
steel products as well as imported iron ore.

Table V-12 compares steel traffic versus pro-
jected usage by NWS scenario. As can be seen, nearly all
of the projected domestic flows can be accommodated by the
present system. Few problems are anticipated in moving
iron ore from Lake Superior to T,.ke Erie destinations,
since the locks at St. Mary's River have just enough capa-
city to accommodate projected flows.

Domestic shipments of steel products are con-
strained mainly by Lock and Dam 26 and also by Gallipolis
Lock. Under the Baseline scenario, only 91 percent of the
projected 10.7 million tons on the Lower Mississippi River
can be accommodated in 2003 by up-river locks. Similar
problems occur on the Lower Upper Mississippi (82% of the
projected 5.0 million tons can be accommodated); the Baton
Rouge-to-Gulf area (92% of the projected 11.2 million
tons); the Illinois River (95% of 16.2 million tons); and
the Ohio River (92% of 8.4 million tons).
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Table V-12

Steel Traffic Handled Versus
Projected Usage by NWS Scenario

1985 1990 1995 2000 2003

Basel ine
Domestic 99.9% 100% 99.8% 99.3% 99.1%
Foreign 100 100 100 99.4 98.6

High Use
Domestic 99.9 100 99.8 99.1 98.8
Foreign 100 100 98.0 96.1 95.7

Low Use
Domestic 99.9 100 100 99.7 99.5
Foreign 100 100 100 100 100

Bad Energy
Domestic 99.6 99.7 99.7 99.6 99.2
Foreign 99.2 97.4 96.9 96.6 95.2

With regard to foreign tonnage, the present
system does quite well under the Baseline and Low Use
scenarios. However, under the High Use and Bad Energy
scenarios, the Welland Canal locks limit actual imported
iron ore and steel products traffic to 96 to 95 percent of
projected usage, respectively. Thus, an estimated seven
million tons of foreign shipments cannot be accommodated
in 2003 under either of these two scenarios.

Significant increases in domestic and foreign
steel shipments take place in the Mobile River and
Tributaries Region, with total domestic traffic tripling
during the forecast period and foreign traffic more than
doubling. Yet, lock capacity of the system is almost
adequate to accommodate flows through the year 2003.
(While traffic is almost entirely accommodated, domestic
linehaul costs increase by 1.8% per year on the system,
well above the national average for all steel shipments.)

2. Domestic Traffic Versus Total Supply.
Waterborne shipments of the steel industry in 1977 as a
percent of total supply (United States production plus
imports) were unusualy low in 1977 (namely 28 percent) due
to the western ore miners' strike. This share increases
to 39 percent by 1980 and remains relatively constant
thereafter under three of the four scenarios. However,

192

- -------- N



the increasing reliance of the U.S. on imported steel in
the Low Use scenario results in a declining share of
domestic waterborne shipments as a percent of total supply
to approximately 6.1 percent by 1995 and thereafter.

3. Linehaul Costs. On average, domestic line-
haul costs (including Great Lakes and inland movements)
per ton-mile increase by a third from 3.4 mills in 1977 to
4.7 mills (in 1977 dollars) in 2003. This rate of
increase is well below that of the agriculture industry
both in terms of percentage and absolute increase. But,
it should be noted that, due to increasing lock congestion
and delays on the Great Lakes/St. Lawrence Seaway,
domestic linehaul costs for the steel industry increase
from 1.6 mills in 1977 to 2.1 mills in 2003 for an annual
compound rate of growth of 1.1 percent.

4. Defense Requirements. Since the steel in-
dustry is a key industry for national defense, it is im-
portant to note that it is uniquely affected by the lock
capacity shortfalls at the St. Mary's River Locks in the
Great Lakes Region. Under the Defense Scenario in 1990,
only 77.5% of domestic waterborne tonnage for this industry
could be accommodated under the Defense Scenario. This is
a shortfall of 57 million tons for this industry under the
assumed conditions.

(d) Coal

1. Traffic Accommodation. Coal traffic is
expected to be the major growth commodity over the next
quarter century for domestic waterborne flows. Under the
Baseline scenario, projected coal usage for domestic
termination grows from 156.3 million tons in 1977 to 403.1
million tons by 2003, for a compound growth rate of 4.0%
per year. Foreign trade in coal is expected to increase
by 2.7% per year to 111 million tons per year by 2003.

Table V-13 compares coal traffic versus projected
usage by NWS scenario. Few short-term problems are
expected under any scenario, but terminal facilities at
Atlantic and Gulf Coasts are limiting U.S. exports of coal
at the present time. It is expected that the large number
of terminal expansion plans will greatly alleviate this
problem. At the end of the forecast period the present
system is able to accommodate coal flows reasonably well
under the Baseline, Low Use and Bad Energy scenarios.
Traffic not accommodated is less than 2 percent total flows
in 2003.
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Table V-13

Coal Traffic Handled Versus
Projected Usage by NWS Scenario

1985 1990 1995 2000 2003

Baseline
Domestic 99.9% 100% 99.7% 98.7% 98.0%
Foreign 100 100 100 99.7 99.2

High Use
Domestic 99.9 100 99.7 97.7 96.0
Foreign 100 100 98.9 97.8 97.5

Low Use
Domestic 99.9 100 100 99.6 99.2
Foreign 100 100 100 100 100

Bad Energy
Domestic 99.5 99.7 99.6 99.5 97.4
Foreign 99.6 98.5 98.2 98.1 97.2

However, the system does not handle the coal
flows under the High Use scenario nearly as well. As much
as 3.5% of total domestic coal flows are not handled in 2003
under the High Use scenario. And, under both the High Use
and Bad Energy scenarios, the Welland Canal and locks limit
United States exports of coal to Canada (over two percent of
foreign coal trade cannot be accommodated in 2003 under the
High Use scenario). These disruptions are comparable to
those of the agriculture industry.

Coal flows in a variety of regions are affected
by capacity shortfalls at Lock and Dam 26, Gallipolis, and
Demopolis. Under the High Use scenario, as much as 10% of
the projected 22.3 million tons of coal flows for the
Upper Mississippi River cannot be accommodated in 2003 due
to Lock and Dam 26. Coal flows on the Lower Upper
Mississippi are also affected by the shortfall at Lock and
Dam 26. As much as 8 percent of the 46.6 million tons of
projected usage under the High Use scenario cannot be
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accommodated in 2003. As might be expected, the shortfall
at Lock and Dam 26 also limits terminations on the
Illinois River. As much as 7 percent of the 22.1 million
tons of domestic coal flows in 2003 on the Illinois cannot
be accommodated.

However, the single largest disruption of coal
flows occurs on the Ohio River due to the Gallipolis and
Uniontown locks. As much as 5 percent of the 265.9
million tons of projected coal flows cannot be accommo-
dated in 2003. These Ohio River constraints also affect
the Tennessee River flows. As much as 12 percent of the
projected 56.9 million tons for this region cannot be
accommodated in 2003.

Coal flows are also disrupted in the Alabama-
Tombigbee-Black Warrior Loan Region due to a series of
lock capacity shortfalls, the principal one of which is
Demopolis. An estimated 11 percent of the 53.6 million
tons for this region cannot be accommodated in 2003.

2. Share of Domestic Traffic Versus Total
Suppl For all four scenarios, waterborne shipments as
a percent of total supply decline. The decline from 25
percent in 1977 is most severe under the High Use
scenario. In 2003, waterborne traffic accounts for little
more than 19% of total United States coal production in
spite of the large increases in coal traffic. The declin-
ing share is attributable in part to construction of new
coal-fired plants in areas poorly served by the present
waterways system. The rail share and possibly the share
of coal-slurry pipelines in these shipments can be expec-
ted to increase throughout the time period.

3. Linehaul Costs. Linehaul costs of domestic
traffic increase from 5.1 mills per ton-mile to 7.4 mills
(in 1977 dollars) per ton-mile in 2003 under the baseline
scenario. This rate of increase is in line with that of
the agriculture industry and reflects the higher costs of
increasing lock delays.

4. High Coal Exports. As described in Section
III an additional forecast predictated on much higher
exports of coal was developed. The present system does
not handle this additional tonnage well. By 2003 31.7
million tons are not accommodated compared to 17 million
tons under High Use. The most important shortfalls occur
in the Ohio Region at Gallipolis and Uniontown.
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(e) Petroleum

1. Traffic Accomodation. Whereas coal is
expected to be the major growth commodity for the waterway
system in the next quarter century petroleum is just the
opposite. Under the Baseline Scenario, conservation and
fuel substitution are expected to result in a 0.5% per
year decline in petroleum flows on the domestic system,
while petroleum imports are expected to fall by 1.8% per
year to 2003. Petroleum flows decline under all three
other scenarios as well.

Table V-14 compares petroleum traffic with pro-

jected usage during the forecast period and by NWS
scenario. As can be seen, expected lock capacity short-
falls have little impact on the petroleum industry. Less
than one percent of domestic usage cannot be accommodated
in 2003. In the worst case, the High Use Scenario, the
result is less than three million tons of disrupted
domestic shipments.

Table V-14

Petroleum Traffic Handled Versus
Projected Usage by NWS Scenario

1985 1990 1995 2000 2003

Basel ine
Domestic 100% 100% 99.9% 99.6% 99.4%
Foreign 100 100 100.0 100.0 100.0

High Use
Domestic 100 100 99.9 99.5 99.2
Foreign 100 100 100 100 100.2

Low Use
Domestic 100 100 100 99.8 99.7
Foreign 100 100 100 100 100

Bad Energy
Domestic 99.8 99.9 99.8 99.7 99.4
Foreign 100 100 100 100 100
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No locks constrain foreign shipments of crude
petroleum or petroleum products.

Most petroleum traffic on the inland waterways
originates along the GIWW and Lower Mississippi River,
following distribution patterns similar to chemicals.
Some problems exist in reaching up-river destinations in
the forecast period. For example although Upper
Mississippi petroluem traffic is nearly constant at 3.5
million tons to 2003 under the Baseline scenario, the
shortfall in traffic by 2003 approaches 14%. Similarly,
shortfalls occur on the Lower Upper Mississippi and the
Illinois River (down 15%), but only a 5% shortfall exists
on the Ohio River.

Under the Bad Energy scenario, the average
shortfall in petroleum traffic by river segment increases
by 2% to 3% in the year 2003.

Although petroleum traffic increases by 2 million
tons to 12.1 million tons by 2003 under the Baseline
scenario on the Tombigbee-Alabama-Coosa-Black Warrior
region, projected shortfalls are expected to be less than
1% of usage. Major increases in crude oil traffic are
expected along the California Coast due to Alaskan flows,
but no capacity problems are anticipated. An introduction
of deep-draft, offshore oil terminals at the Gulf in the
1980s will reduce present port congestion due to oil
imports.

2. Share of Domestic Traffic Versus Total
Supply. Waterborne shipments of petroleum and petroleum
products as a percent of total supply are expected to
increase slightly from 1977 (51%) to 1985 (58 to 60%) and
then to decline to 2003 (46 to 48%). The expected peak in
domestic petroleum shipments from Alaska in 1985
temporarily increases the reliance of the petroleum
industry on water transportation. But, the decline in
these shipments coupled with increased competition from
pipeline gradually result in a modest reduction in the
petroleum industry's reliance on water transportation.

3. Linehaul Costs. On average, domestic line-
haul costs per ton-mile increase from 4.9 mills to 6.3
mills (in 1977 dollars). This rate of increase is one of
the slowest for any industry both in absolute and percen-
tage terms. The increase reflects higher costs of fuel
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offset in part by improved fuel utilization. Lock delays,
which affect the grain and coal industries most directly,
are not important factors in determining the increase in
ton-mile costs of linehaul operations for the petroleum
industry.

(f) Forest Products

1. Traffic Accommodation. Domestic projected
usage under the Baseline scenario increases from 27.3
million tons in 1977 to 36.3 million tons in 2003.
Foreign usage is projected to decline slightly from 37.1
million tons in 1977 to 34.2 million tons in 2003. The
great majority of waterborne forest products traffic is
concentrated along the Washington/Oregon Coast and on the
Columbia/Snake Waterway. No significant problems under
any scenario are expected for these movements. Some
shortfalls due to Lock and Dam 26 constraints are
possible, although all are less than 0.5% of projected
usage.

Movement of the forest products industry to the
Southeast coupled with increased use of the waterways
under the High Use scenario could result in some
congestion problems in the 1990s. However, the actual
shortfalls are expected to be miniscule, compared to
problems with the coal traffic on southeastern river
systems.

2. Linehaul Costs. Domestic marine linehaul
costs of forest products shipments increase on average
from 4.2 mills to 6.0 mills per ton-mile (in 1977 dollars)
during the forecast period. This increase reflects the
real cost increases of fuel, but no significant increases
in delay times. Once again, this increase falls well
below those for the grain and coal industries both in
percentage and absolute terms.

(g) Other

This grouping is a catch-all and includes non-metallic
minerals (principally sand and gravel); stone, clay, glass
and concrete products; waste and scrap; and other commodi-
ties (principally manufactured goods in foreign trade).
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Table V-15 compares other traffic with projected usage
for these commodities. As can be been, very little
tonnage is not accommodated by the present system even in
the year 2003.

Table V-15

Other Traffic Handled Versus
Projected Usage by NWS Scenario

1985 1990 1995 2000 2003

Basel ine
Domestic 100% 100% 99.9% 99.5% 99.4%
Foreign 100 100 100 99.9 99.8

High Use
Domestic 100 100 99.9 99.4 99.2
Foreign 100 100 99.8 99.6 99.6

Low Use
Domestic 100 99.9 100 99.8 99.7
Foreign 100 100 100 100 100

Bad Energy
Domestic 99.7 99.8 99.8 99.7 99.4
Foreign 99.9 99.7 99.7 99.6 99.5

On average, the linehaul cost for domestic marine
shipments of other commodities increases from 11.7 mills
per ton-mile in 1977 to 14.4 mills per ton-mile in 2003, a
substantial increase in absolute terms but modest in
percentage terms.

REGIONAL EVALUATION

This evaluation of the present system focuses on these
measures:

(1) Projected usage not accommodated by the pre-

sent system due to lock capacity constraints.

(2) Increase in traffic by 2003 from 1977.
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(3) Average tow size divided by maximum accommo-
dated tow size for inland waterways.

(4) Hazardous commodities (crude petroleum,
petroleum products, chemicals, and fertilizers) as a share
of total commodity flows.

(5) Average delay at locks.

The last four measures can be used to highlight those
regions with potential safety problems in the future
arising from changes in traffic mix and absolute increases
in traffic.

The findings with regard to each of the 22 regions are
discussed briefly below, but only the baseline scenario is
examined in detail and the discussion concentrates on
those regions with major traffic change by the year 2003.

The focus of the discussion on the Baseline Scenario
is not meant to imply any special merit for the Baseline
Scenario over other scenarios. Rather, the baseline is
presented only as a benchmark for discussion. Where
significant differences occur across scenarios these are
discussed.

(a) Upper Mississippi

Under the Baseline scenario, Upper Mississippi River
waterborne traffic increases 24 million tons from 1977 to
2003. Problems with Locks and Dam 26 congestion as well
as Lock and Dam 22 severely limit traffic growth beyond
1995. By 2003, less than 83% of projected usage can be
accommodated (see Table V-16).

The increasing congestion at all locks (but especially
Locks 16 through 22, 24, and 25) results in a sharp in-
crease in average delay per tow, posing a safety problem.
By 2003 average tow delay approaches 22 hours.

200



Table V-16

Reqirnal AvaluatiOn Report

Scenariol BaselineRegions Upper Nieaiaeippi River

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Uiege million tons

oineetic 30.9 39.5 44.7 48.9 56.9 63.5 66.0

Foreign 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic vs. Projected Usage percent

Damnetic 100.0 100.0 98.3 100.0 94.5 86.0 82.8

Foreign NC NC NC NC HC MC NC

Energy Traffic vs. Projected Usage percent

Doneatic 100.0 100.0 98.0 100.0 96.4 91.0 89.0

Foreign HC NC KC NC NC NC NC

Average Linehaul Costs $/ton mile 0.0075 0.0076 0.0081 0.0083 0.0090 0.0102 0.0108

increase In Traffic From 1977 million ton 0.0 8.6 13.0 18.1 22.9 23.7 23.8

Average/NaxlIm Tow Size percent 52.2 56.3 59.4 60.9 62.9 62.7 63.1

Hazardous Commodi ties percent 18.8 17.0 14.5 14.1 13.3 13.7 13.1

Average Delay at Locks hours 3.2 5.3 6.4 6.4 9.9 17.5 21.7

The increasing share of coal and grain traffic which
typically moves in large tows, as a percent of total
traffic results in an increase in average tow size during
the forecast period. Average tow size increases approxi-
mately 20% and some loss in tow maneuverability can be
expected. This is especially a problem for this region,
given the large number of old restrictive bridges in this
region.

The share of hazardous commodities declines uniformly
through the period, thus, the severity of potential acci-
dents may well be reduced.

The navigation system performs significantly better in
this region under the Low Use scenario due to projected
use that is about 11% lower. The performance does not
vary significantly across other scenarios.

(b) Lower Upper
Mississippi

Under the Baseline scenario, the Lower Upper Missis-
sippi waterborne traffic increases 60 million tons by
2003. But, the single 1200' by 110' chamber at Lock and
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Dam 26 completed by 1990 does not provide sufficient capa-
city to handle all projected flows in 1995 and beyond. By
2003; only 85% of projected usage can be accommodated (see
Table V-17).

Table V-17

Regional Evaluati., Report
Scenario, aeeline

Region: L~er Upper Mississippi River

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons
Domestic 77.5 90.0 101.9 113.3 134.2 153.5 162.0
Foreign 0.0 0.0 4.0 0.0 0.0 0.0 0.0

Traffic vs. Projected Usage peroent
Domestic 10.0 100.0 98.4 100.0 95.0 87.8 85.0
Foreign NC NC NC NC NC NC "C

Energy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 98.7 100.0 96.6 92.3 90.7
Foreign NC NC NC NC NC NC NC

Average Linehaul Costs $/1ton mile 0.0081 0.0094 0.0120 0.0092 0.0104 0.0110 0.0115
Increase in Traffic From 1977 million tons 0.0 12.5 21.7 35.8 50.0 57.2 60.3
Average/maximum Tow Size percent 32.9 35.1 36.5 37.2 38.7 39.2 39.3
Hazardous Commodities percent 25.4 23.7 20.9 19.8 18.2 17.4 16.0
Average Delay at Locks hours 1.6 3.1 5.9 2.0 3.1 3.6 3.9

Tow delays increase through 1985, after which the
completion of the new chamber at Lock and Dam 26 reduces
average delays for a few years.

Tow size increases approximately 25% during the time
period, once again reflecting the increase in grain and
coal traffic. However the average remains well below the
maximum accommodated tow size.

The share of hazardous commodities declines throughout
the period, reducing the potential severity of accidents.

As in the Upper Mississippi Region, the system in this
region is less congested under the Low Use Scenario due to
significantly lower volumes of traffic.
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(C) Lower Mississippi

The Lower Mississippi traffic is predominantly through
traffic. There are no locks to constrain traffic, but all
the projected use for the region cannot be accommodated
due to up-river constraints. These constraints (princi-
pally Lock and Dam 26) become severe in 1995 and beyond.
By 2003, less than 91% of projected usage is accommodated
by the present system (See Table V-18).

Table V-18

Regional Ivaluation Report
Scenario: baseline

Region: Loer Mieslaippi River

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons

Ocestic 123.6 138.2 155.5 157.5 185.2 210.3 222.3

Foreign 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic vs. Projected Usage percent
DOmestic 107.0 100.0 99.2 100.0 97.2 92.7 90.8

Foceign NC NC NC NC NC NC NC
ner', rrarciv -a. Projected feage percent

Domestic 100.0 100.0 99.8 100.0 99.4 98.0 97.2
Foreign NC NC NC NC NC NC NC

Average Linehaul Costs S/ton mile 0.0050 0.0051 0.0054 0.0057 0.0059 0.0063 0.0066
Increase in Traffic From 1977 million tons 0.0 14.6 30.7 33.9 56.5 71.5 78.3
Average/Maximus Tow Size percent 27.9 29.7 31.6 33.3 35.3 36.2 36.7

Hazardous Commodities peroent 34.6 32.3 29.1 27.1 24.8 23.6 22.9
Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tow sizes increase over 33%, but remain well below the
maximum accommodated tow sizes.

The share of hazardous commodities decline throughout
the period.

The volume of traffic varies significantly in this
region across all the forecasts, but the evaluation
measures do not vary significantly from the baseline due
to the absence of locks.

(d) Baton Rouge
to Gulf

In the Baton Rouge to Gulf region, total waterborne
traffic increases by 166.4 million tons from 1977 to 2003,
an increase of 3.2% per year. Constraints at up-river
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locks on the Lower Upper Mississippi, Illinois and Ohio
Rivers restrict traffic flows to 93% of projected usage by
the year 2003 (See Table V-19).

Table V-19

Regional Evaluation Report
Scenarios Baeline

Regions Baton Rouge tc Gulf

Unit 1977 1980 1985 1990 1995 2000 2003

Projected U age million tom
Domeatic 187.3 210.6 224.3 233.3 261.3 291.1 303.2
Foreign 157.1 182.4 197.8 189.6 210.9 220.6 231.6

Traffic vs. Projected Uaage percent
Dometic 100.0 100.0 99.5 100.0 98.6 94.9 93.5
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Bnergy Traffic vs. Projected Usage percent
Dometic 100.0 100.0 99.9 100.0 99.7 98.9 98.5
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs S/ton mile 0.0057 0.0058 0.0062 0.0065 0.0070 0.0077 0.0080
Imease in Traffic Fro 1977 million tons 0.0 48.6 74.2 75.5 119.6 148.7 166.6
Average/Naxzmm Tcu Size percent 28.2 29.2 30.8 31.4 32.2 32.0 32.7

agairdou Commodities percent 53.4 52.2 46.6 42.0 39.3 35.4 34.7
Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The mix of foreign and domestic traffic in the region
poses safety problems and these problems are heightened by
the 48% increase in total traffic by 2003.

The share of hazardous commodities is very high at the
beginning of the period, but does decline from 1980-2000.
However, the 35% share is one of the highest hazardous
commodity shares of all of the 22 regions.

As in the Lower Mississippi Region Traffic levels vary
significantly across scenarios but other measures do not
vary greatly due to the absence of locks.

(e) Illinois Waterway

Illinois Waterway traffic increases by 30 million tons
over the forecast period, or a 2.2% per year growth.
Restrictions at Lock and Dam 26, Lagrange, Peoria, and
Marseilles locks hold traffic growth to 86% of domestic
projected usages and 95% of foreign commerce by the year
2003. (See Table V-20).
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Table v-20

egional Evaluatlon eport
Scenariot aeselii

Reglon: Illinois Waterway

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usig. million tons
Domestic 54.3 60.9 67.2 70.3 79.7 97.7 91.8
Foreign(l) A.1 6.7 7.1 A.4 9.8 i1.] 11.7

Traffic vs. Projected Ubse percent
Donsstic 100.0 100.0 98.7 100.0 95.6 6R.7 86.1

Foreign 100.0 100.0 100.0 100.0 100.0 q7.8 15.0
thergy Traffic vs. Projected sage percent

Dwestic 100.0 100.0 99.1 100.0 97.1 92.7 11.1

Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Average Linehaul Costs $/ton mile 0.0072 0.0071 0.0074 0.0077 0.0081 0.0091 0.0094

Increase in Traffic From 1977 million tons 0.0 7.1 13.9 18.2 25.4 28.3 29.7
Averago/axism Tow Size percent 36.2 37.9 39.S 40.2 42.2 43.0 43.2

ftsardous Commoditive percent 21.9 19.7 17.8 18.0 16.9 16.2 15.9
Averae Delay at Wcks hours 1.4 1.6 2.2 2.7 4.4 7.8 8.4

NOTRt (1) Includes Fort of Cicago Great lakes traffic.

The system in this region is less congested under the
Low Use scenario but does not vary significantly for other
scenarios from the baseline. The system becomes slightly
constrained under the Defense scenario due to higher
levels of iron and steel traffic.

Average delay at locks increases dramatically after
1990, posing potential safety problems in and around lock
chambers.

Average tow size increases approximately 20 percent,
but the average remains well below the maximum
accommodated tow size.

The share of hazardous commodities declines modestly
during the period, reducing the potential severity of
accidents.

(f) Missouri River

Growth in traffic and projected usage is nearly flat
for this river. The relatively high ton-mile costs and
limited season discourage shippers from relying on the
Missouri as part of their water-based logistics systems
(see Table V-21).
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Table V-21

Regioal Bvaluatioa Report
Scenario "eoline

Regions Niu uri River

Unit 1977 1980 193S 1990 1995 2000 2003

Projected Usage million toM

Dometic 6.7 7.3 7.4 7.3 7.4 7.7 7.8

Foreign 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic vs. Projected Usage percent

Do etic 100.0 100.0 91.8 100.0 ".3 96.0 97.6
rocelgn HC mc WC 0C sc uC WC

Snergy Traffic vi. Projected Usage percent
Domestic 100.0 100.0 96.1 100.0 93.7 S4.1 60.4

roceign WC NC PC WC mC sC ic
Awe"e Linehaul Costs $/ton ile 0.0162 0.01"6 0.0179 0.0190 0.0203 0.02:1 0.0226

Increase in Traffic From 1977 million tons 0.0 0.S 0.7 0.6 04 0.6 0.9

Average/maximum Tow Size percent 56.4 59.4 60.7 62.1 63.2 64.2 66.0

Bazardus Comodities percent 14.5 14.2 14.7 16.1 16.6 16.9 16.4

Average Delay at Locke hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

There are no locks on the river, but the interaction
with the rest of the system limits the amount of traffic
that can be accommodated by 2003 to 98%.

Average tow size is high in relation to the maximum
tow size and this average increases by 16% during the
forecast period, posing possible maneuverability problems
for the many bends of the Missouri.

(g) Ohio River

The Ohio River waterborne traffic growth is subs-
tantial, increasing 129 million tons from 1977 to 2003,
despite constraining locks in the region (Gallipolis and
Uniontown) and some traffic interaction with other regions
with constraining locks (principally Lock and Dam 26).
Lock constraints in the region and in the rest of the
system limit traffic to 97% of projected usage in 2003
(see Table V-22).

The assumption of a nuclear moratorium in the high use
scenario greatly increases use of the Ohio River as does
the High Coal Export sensitivity analysis.
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Table V-22

Regional Evaluation Report

Scenario: Baseline
Regions Ohio River

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million torn
Domestic 172.5 179.5 212.2 229.1 262.6 292.5 307.5
Foreign 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic vs. Projeoted Usage percent
Domestic 100.0 100.0 99.9 100.0 99.6 98.3 97.0
foreign WC HiC NC VC WC "C HC

Energy Traffic vs. Projected Usage percent
Damntic 100.0 100.0 100.0 100.0 99.8 98.5 97.3
Foreign tic MC HC Hc NC HC VC

Average Linehaul Costs S/ton mile 0.0087 0.0069 0.0090 0.0089 0.0092 0.0098 0.0102
Increase in Traffic Frm 1977 million ton 0.0 7.1 39.7 57.1 91.2 117.7 129.1
Averaqe/Hezimum Tow Size percent 48.7 49.6 53.8 57.5 60.2 61.7 62.5
Easard s Commdities percent 22.1 21.7 18.3 16.1 15.0 14.6 14.3
Averee Delay at Locks hours 1.1 1.2 1.6 2.0 3.0 4.2 4.9

Average delay at locks increases during the time
period but remains below those delays of the Upper
Mississippi and Illinois Rivers.

Average tow size increases sharply, going up over
34% during the time period, reflecting the faster rate
of growth in coal traffic which typically moves in large
tows. These increases in average tow size, traffic
levels, and delays can be expected to increase the safety
problems in the region if offsetting actions such as en-
chanced vessel traffic services at river junctions and
locks are not taken.

These potential increases in safety problems are only
partially offset by a reduction in the share of hazardous
commodities.

Projected use and tonnage accommodated varies signifi-
cantly in this region across all forecasts depending on
the amount of coal attempting to use the river. Safety
measures also vary somewhat. Average linehaul costs are
somewhat lower with higher volumes of traffic due to the
dominance of coal which is relatively cheap to handle.
Projected use is also substantially higher under the
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"Other Adjustments" forecast to account for data base
errors.

(h) Tennessee River

The trends evident in the Ohio River region apply
equally to the Tennessee River. Growth in traffic in-
creases sharply after 1985, reflecting the completion of
the Tennessee - Tombigbee Waterway. From 1977 to 2003,
traffic increases over 165% (see Table V-23). Lock con-
straints in other regions limit traffic in 2003 to 98% of
projected use.

TAbe V-23

soficil "Nellne
Reiofnl Teanneee. River

Unit 1377 1960 19S 1990 1995 2000 2003

Pojected Usage .131OR tn
Dometic 26.5 26.9 27.3 40.9 S2.1 GI.S 64.9
IQocegn 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic s. ioleted Uaqe peromt
Dcmat.la 100.0 100.0 99.8 100.0 9.6 9.9 9.5
Foreign NIC PC me 1c MfC MC PC

3noe, Traffic Vm. Projected Pue" percent
oneatia 100.0 100.0 99.9 100.0 99.8 9.4 9 .1

reia wC C N C NC c C MC NC
lmrage Lineeal Costs $/ta tLe 0.0097 0.0100 0.0107 0.0100 0.O094 0.0101 0.0104

eIno in Traffic rVre 1977 ilUlnlm tom 0.0 0.3 0.9 14.1 24.3 32.2 36.5
AvegMae/Namam Tow Sim Permcet 3.9 32.3 32.1 41.3 45.4 47.6 48.7
erlmue Commditie padear 20.9 21.4 22.6 19.0 16.5 15.6 15.2

AWaqe 0614 at Lok m 0.7 0.7 0.7 0.6 0.8 1.2 1.5

Average tow size increases over 50%, once again re-
flecting the surge in coal traffic from the completion of
the Tennessee - Tombigbee Waterway. Such a sharp increase
in tow size can pose maneuverability problems in the
future. However, average delay at locks is low even though
delays double and hazardous commodities represent a rela-
tively small share of total traffic.

Projected use and all the evaluation measures except
linehaul cost vary significantly across all forecasts.
Tonnage accommodated is severely impacted under High Use,
High Coal Exports, and "Other Adjustments" Due to con-
straints in other regions.
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(i) Arkansas River

Projected usage of the Arkansas increases a modest 5
million tons during the forecast period. No locks within
the region constrain traffic, but traffic interaction with
Lock and Dam 26 limits traffic to 99% of projected usage
in 2003 (see Table V-24).

Table V-24

Regional SweLuetion lpoct
lSo.ti+ o D aeline

*alient Arkeaie River

Unit 1977 1940 1965 1990 1995 2000 2003

Projected Usage million torn
DOcestic 9.4 9.7 10.0 11.3 12.S 14.0 14.4

roreign 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Traffic Va. Projected Umege percentD~ntic 100.0 100.0 993.9 100.0 99.0 99.0 96.7

FoCeign NC PC NC MC NC NC MC

Energy Traffic vs. Projected Usge percent
Dcmetic 100.0 100.0 9.7 100.0 99.3 96.4 9.0

Foreign NC NC NC MC NC NC NC

Average Linebhul Coet$ $/ton mile 0.0144 0.0147 0.0154 0.01S3 0.0157 0.0165 0.01609

Increase in Traffic YrOM 1977 million tons 0.0 0.3 0.6 1.r 3.4 4.5 4.9

Average/Haximum Tow Size percent 36.3 37.6 40.4 46.5 49.6 51.0 52.4

azar udDU CHInoditlee percent 26.6 20.0 25.6 21.6 19.4 17.6 17.0

Average Delay at Locks hours 0.2 0.2 0.3 0.6 0.9 1.2 1.3

Average tow size increases over 44% during the fore-
cast period, potentially increasing the region's safety
problem. This factor, however, is more than offset by
declining shares of hazardous commodities, modest lock
delays, and little overall increase in traffic.

Projected use was also explicitly modified upwards for
this region under the "Miscellaneous Sensitivities" fore-
cast to take account alternative projections from other
studies. The only evaluation measure for the present sys-
tem which is significantly different for this region is
delays at locks which increases more than threefold.

(j) Gulf Coast West

Traffic increases over 42 million tons by 2003. No
locks constrain traffic growth during the period and
limited traffic interaction with constraining locks in
other regions has a small effect on reducing growth in
use (see Table V-25).
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Table V-25

Regional Evaluation Report
Scenarios asaeli ne

Regions Gulf Coast Went

Unit 1977 1980 1905 1990 1995 2000 2003

Projected ussag million tow
DmO stl 169.0 160.@ 162.1 167.9 172.6 179.3 186.6
Foreign 172.5 197.8 202.2 165.7 194.9 189.9 199.1

Traffic ve. Projeated Usage prcost
Dseetio 100.0 100.0 99.9 100.0 9S.7 99.1 98.6
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Shagy Traffio v. Projeted Usage per cent
Domestic 100.0 100.0 100.0 100.0 90.9 99.6 99.4
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Avrage Linehlul Cists $/ton mile 0.0114 0.0116 0.0129 0.0137 0.0146 0.0158 0.0166
increase in Traffic Trm 1977 million tom 0.0 37.4 22.8 12.2 25.9 26.5 42.2
Awrgae/1aszimuf Tow Size percent 54.1 54.1 54.2 54.6 55.1 55.3 55.4

atdarous Comodities percent 79.2 76.5 74.7 71.1 69.2 65.9 64.6
Average Delay at Locks hours 0.1 0.1 0.1 0.1 0.2 0.2 0.2

The most important factor bearing on the safety of
this region is the high level of hazardous commodities
traffic. Although this share declines by 18%, it remains
very high. Safety actions such as enhanced vessel traffic
services may be justified simply on the high share of
hazardous traffic in this region.

(k) Gulf Coast East

Domestic projected usage is projected to increase by
47 million tons and there are no constraining locks in the
region to limit traffic growth (under the "other"
sensitivity analysis, Inner Harbor Navigation Canal Lock
limits traffic growth). Table V-26 presents measures for
the region.

The ratio of average tow size to maximum accommodated
tow size is relatively high at the beginning of the period
arid increases by nearly 18% during the study period.
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Table V-26

Regional Evaluation Report
Scenario: Baseline

Regiono Gulf Coast East

Unit 1977 1980 1905 1990 1995 2000 2003

Projected Usage million torn
omestic 69.4 69.2 76.8 91.9 103.4 114.8 116.7
Foreign 39.2 43.9 48.9 42.8 40.3 36.7 35.4

Traffic vs. Projected Usage percent
Doeesti c 100.0 100.0 100.0 100.0 99.9 99.8 99.8
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projected Usage percent
Donestic 100.0 100.0 100.0 100.0 100.0 100.0 99.9
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs $/tn mile 0.0108 0.0111 0.0117 0.0123 0.0130 0.0136 0.0145
Inczease in Traffic Frcm 1977 million ton 0.0 3.7 16.3 25.4 34.2 41.9 42.5
Average/Maximum To. Size percent 51.0 50.9 54.2 56.3 58.4 59.6 59.9
Hazardous Comodities percent 50.4 50.7 45.4 41.2 38.0 34.4 34.3
Average Delay at Locks hours 0.2 0.2 0.3 0.2 0.3 0.3 0.4

The share of hazardous commodities as a percent of
total traffic is also high at the beginning of the
period. This share declines by a third, but is still
relatively high in 2003. Thus, additional safety pro-
blems could develop in this region without offsetting
actions such as enhanced vessel traffic services.

Projected use was also modified subqtantially for this
region under the "Other Adjustments" analysis. This is one
of two regions where the adjustment resulted in another
lock (namely Inner Harbor) becoming constraining that was
not found to be constraining under any other scenario.
Consequently all measures are worse for this region under
this forecast than under the Baseline, except the share of
hazardous commodities.

(1) Mobile River and
and Tributaries

For the Mobile River and Tributaries Region, the
completion of the Tennessee/Tombigbee Waterway in the late
1980's combined with other growth results in an increase
in total traffic of 75.6 million tons by the
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year 2003, for an average annual increase of 4.1% per
year. Under the baseline scenario, lock constraints in
the region develop late in the period so that total
overall traffic disruptions are limited (see Table V-27).

Table V-27

Regional Evaluation Report
Scenario: Baseline

_Re0gion: Nbil. River and Tributaries

Unit 1977 I1n8 1985 1990 I95 2000 2003

Projected Usage million tons
Domestic 30.0 30.7 33.5 56.2 66.7 76.5 82.7
Foreign 13.7 16.7 19.9 24.3 2A.0 33.3 36.3

Traffic vs. Projected Ueage pezcent
Domestic 100.0 100.0 100.0 100.0 100.0 99.9 99.8
Forelcn 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Rnergy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 99.9
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul osts $/ton mile 0.0108 0.0112 0.0118 0.0112 0.0113 0.0120 0.0127
Increase in Traffic From 1977 million tone 0.0 3.7 9.7 36.7 51.8 66.0 75.1
Average/Naximum Tow Site percent 82.9 83.0 85.0 95.3 98.9 100.4 100.9
Hazardous Commodities percent 26.2 24.5 21.0 20.1 17.9 16.3 15.6
Average Delay at Locks hours 0.3 0.3 0.5 1.1 1.4 2.3 3.5

Increasing lock congestion results in increases in
average tow delays. By 2003, average delays are 3.5
hours, up from 0.4 hours in 1977. The very high ratio of
average to maximum tow size increases even more during the
study period. The sharp increase in traffic, increasing
lock congestion, and high tow sizes in relation to channel
dimensions suggest that this region will experience safety
problems without offsetting actions. (One proposal
involves channel widening of the Tombigbee River south of
the junction with the Warrior River and this action has
been incorporated in NWS Strategy IV.)

The performance of the navigation system in this
region varies widely across all the forecasts ranging from
99% of domestic tonnage accommodated under Low Use to only
85% accommodated under High Coal Exports. Other evalua-
tion measures also fluctuate significantly although a con-
sistent pattern of a steadily worsening situation emerges
as new stresses are applied. It is mainly a matter of how
rapidly the situation will change.
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(m) Atlantic Coast
Regions

In general, waterborne traffic remains steady, or
slightly declines along the Atlantic Coast, due to reduc-
tions in coastwise petroleum flows. For the Middle
Atlantic coast segment, rapid increases in coal exports
offsets these oil trafffic losses (see Tables V-28, V-29,
V-30). The only variation across scenarios in these
regions is the rate of growth of coal exports across
scenarios.

?abl V-3

Regional avmlustion Report
Ieumatiol Baseline

Rinioms South Atlantic Coast

Mit 1977 960 1935 1990 1995 2000 2003

ktojected Umea million tons
Dmmtio 40.4 40.1 37.0 36.2 35.6 35.1 35.7
raeign 29.3 29.3 30.9 31.3 31.9 32.7 33:.9

Traffic v . Projected Omga percent
Domestia 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Pociga 100.0 100.0 100.0 100.0 100.0 100.0 100.0

mseg Traffio vs. ProJected ume perent
0inetio 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foceign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Avmage Li.haul Costa $/tan mile 0.0019 0.0019 0.0020 0.0021 0.0022 0.0023 0.0024
Incease in Traffic From 1977 million tong 0.0 -0.4 -1.6 -2.2 -2.2 -2.0 -0.2
Amaemm/Nmaimm Ta 1IS* Percmt VC NC MC tc NC NC

maikara C oi moditie percent 70.3 67.5 61.9 57.9 54.0 49.6 47.8
avecmgm Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table V-29

Regional Rvmlmamtion Report
cenatios Bameline

Penioan Niddle Atlantic Coast

unit 1977 1930 1985 1990 1995 2000 2003

rrojected Dining million tons
DOmeatic 211.3 214.2 197.0 197.9 19.6 195.0 1".4
Freign 225.4 225.1 227.3 222.7 231.2 231.9 239.7

ftatt1e vs. Projected gam" Pacent
Domstic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Pareiga 100.0 100.0 100.0 100.0 100.0 100-.0 100.0

Imw trafia m. trojected Ges pat cant
Omestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
rVceiga 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Awareg Linehol Costa S/ton mile 0.0019 0.0019 0.0020 0.0022 0.0023 0.0024 0.0025
Inoremse in Traffic Vram 1977 million ton 0.0 2.6 -11.6 -16.2 -6.0 -9.0 1.3
Amer MA/Ilaiem taw lime Percent WC NC NC NC NC WC NC
IUmamdam Commditie peroent 70.9 68.7 61.7 S7.3 52.0 47.0 45.0
Ameage Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table V-30

Regional lvalustion Report
Scenario: baseline

Regions North Atlantic Coast

Unit 1977 1980 1985 1990 1995 2000 2003

Prolacted Usage million tons
Dmes i c 52.1 53.4 46.5 45.7 43.9 40.8 40.0
Foreign 35.3 29.0 32.3 32.6 31.6 28.4 29.0

Traffic vs. Ptoj cted Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

rnergy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Lineheul Costs $/ton mile 0.0018 0.0018 0.0019 0.0020 0.0021 0.0023 0.0023
Increase in Traffic From 1977 million tons 0.0 -4.9 -8.6 -9.1 -11.8 -18.2 -18.S
Avocage/Maximum Tam Size percent HC NC NC NC NC HC NC
HaSarKdus Commodities percent 92.0 90.5 86.3 83.0 01.3 78.0 77.0
Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The share of hazardous commodities in these regions in
total traffic declines throughout the period, but the
levels are still relatively high in 2003. This is espe-
cially true of the oil dependent North Atlantic region.
Accordingly, actions to reduce the likelihood of tanker
accidents are entirely appropriate in these regions.

(n) Great Lakes,
St. Lawrence Seaway,
N.Y. State Waterways

Substantial problems are expected to arise in Great
Lakes/St. Lawrence Seaway traffic over the forecast
period. Total traffic is expected to increase by 191
million tons, including both coal flows for domestic and
Canadian destinations and exports of grains. By the year
2003, foreign traffic is a little more than 46% of
projected usage. Capacity falls short of projected use
for the Welland Canal locks of the Seaway, (see Table
V-31).
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Table V-31

Regional 3valuatLo RepOrt
8cenarlo, Baseline

Regiont Great Lakes-St. Laweince Seawa-e york State

Unit 1977 1960 1985 1990 1995 2000 2003

Poj ected Usage million tone

Dometic 126.9 169.2 184.3 200.9 223.7 247.8 263.5

Foreign 63.0 75.1 86.8 93.8 103.8 114.6 122.2

Traffic vs. Projected Us"e prcnt
omestic 100.0 100.0 100.0 100.0 99.9 99.8 99.7

Foreign 100.0 100.0 100.0 100.0 100.0 90.4 96.4

Bnu gy Traffic va. Projected Usage perint
Domestic 100.0 100.0 99.9 100.0 99.8 99.4 99.2

Foreig 100.0 100.0 100.0 100.0 100.0 99.0 97.8

Average Linehaul Costs $/ton mile 0.0026 0.0025 0.0026 0.0027 0.0020 0.0029 0.0030

Increase in Traffic Fre 1977 million tone 0.0 54.4 81.2 104.8 137.4 170.2 190.7

Average/Naximu. Tom Size percent 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Hazardous Commodities percent 6.8 5.2 4.2 3.7 3.2 2.8 2.7

Average Delay at Locke bows 1.6 2.2 3.2 3.3 4.6 6.0 6.8

Average vessel delays at locks increase sharply after
1980 and delays are not limited to the St. Lawrence

Seaway. Substantial delays occur at the St. Mary's River
locks as well.

The substantial increase in traffic and delays are
reasons for considering possible actions to enhance water
transportation safety in the region.

This region is unique among the regions analyzed in

that foreign traffic (predominantly export grains and
imported metallic ores and iron and steel products) are

most affected by lock constraints under the various
scenarios. Substantial increases in traffic are projec-
ted in all scenarios although actual levels vary widely.
Evaluation measures vary widely but also portray a
steadily worsening situation across all scenarios.

This region is also the most severely affected by the
defense scenario, although the constraint point shifts
from the Welland Canal to the St. Mary's River Locks.

The navigation system in this region simply is inadequate
under that scenario.
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(o) Washington-
Oregon Coast

Increased receipts of Alaskan oil as well as increased
foreign trade make this coastal region one of the few with
sizable traffic gains during the period. This increased
traffic and sharp jump in hazardous commodities share in
the early 1980's suggest that some enhanced vessel traffic
services may be appropriate for this region (see Table
V-32).

Table v-32

Regional Rvaliaation Report
*c-marioa Baseline

Re ion. wahilngton-Oregon Coast

Unit 1977 1960 1965 IWO 1995 7M 2003

Projected Use"e wmllion tons
Dameetic 30.3 44.2 61.8 64.1 66.1 63.7 62.8

Foreign 38.1 33.3 53.3 52.0 56.6 56.7 58.4

Traffic Va. Projected Oang percent
Domstie 100.0 100.0 100.0 100.0 100.0 100.3 100.0
rmcie 100.0 100.0 100.0 100.0 100.0 100;0 100.0

tecgy Traffic vs. Projected Ueaqe percent
Donmetic 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Foreign 100.0 100.0 100.0 100.0 100.0 1G0.3 100.0
Average Llnehaul Costa S/ton mile 0.0022 0.0021 0.0021 0.0022 0.0023 0.0024 0.0025
Increae In Traffic Prom 1977 million tons 0.0 9.1 46.8 47 7 54.4 52.1 52.8
Averego/ iaium Tow Size percent HC NC NC NC HC NC

saaa dus Comodities percent 38.6 38.3 56.4 56.9 S7.0 52.5 50.9
Average Delay at Locke hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(p) Columbia/Snake-
Willamette River

Traffic increases 15 million tons by 2003. There are
no constraining locks to limit the growth of traffic under
all four NWS scenarios, however, the inclusion of a major,
relatively long-haul sand and gravel movement from above
Bonneville Lock and Dam to Portland results in a shortfall
in lock capacity by 1990 under the "Miscellaneous Sensi-
tivities" forecast (see Table V-33).

(q) California Coast

The increased receipts of Alaskan oil just offset the
decline in imported oil for the region. Thus, total traf-
fic growth for the period is just 4 million tons or less
than 3 percent (see Table V-34). The share of hazardous
commodities declines sharply during the period, but remains
at relatively high levels.
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Table V-33

Regional Evaluation Report
Scenarios Baeline

Regions Columbia/Snake-WillMette River

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons
DoMeatic 26.7 32.3 31.6 31.9 31.5 31.6 32.5
Foreign 16.9 19.6 21.2 21.0 21.8 23.4 26.1

Traffic vs. Projected UsMge percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs S/ton mile 0.0080 0.0081 0.0087 0.0092 0.0097 0.0103 0.0107
Increase in Traffic From 

1977 million tons 0.0 8.4 9.3 9.4 9.8 11.5 15.0
Average/Maximum Tow Size percent NC NC NC NC NC NC NC
Hazardous Commodities percent 19.0 16.6 16.3 16.4 16.6 15.9 15.2
Average Delay ac Locke hours 0.1 0.1 0.2 0.2 0.2 0.2 0.3

Table V-34

Regional Evaluation Report
Scenarios Baseline

Regions California Coast

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million ton
Domestic 62.3 92.8 91.5 89.6 67.0 82.0 80.3
Foreign 76.0 42.4 46.2 48.5 53.4 58.7 63.2

Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

-Sy Traffic vs. Projected Usage percent
L),nestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs $/ton mile 0.0015 0.0015 0.0016 0.0017 0.0017 0.0019 0.0019
Increase in Traffic From 1977 million tons 0.0 -2.9 -0.5 -0.1 2.3 2.5 5.4
Average/Maximum Tow Size percent NC NC NC NC NC NC NC
Hazardous Cmmodities percent 79.5 75.3 70.8 67.1 63.0 57.3 54.2
Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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(r) Alaska

Alaskan oil shipments increase sharply from 1977 to a
peak around 1985. Thereafter, domestic traffic declines
gradually to 82 million tons in 2003 (see Table V-35).

This dramatic increase in traffic coupled with the
high traffic share of hazardous commodities may justify
the adoption of actions to enhance vessel safety.

Table V-35

Regional Evaluation Report
Scenarios Baseline

Region, Alaska

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million ton4
Domeatic 22.2 91.9 95.7 90.6 87.8 83.4 82.3

Foreign 6.6 3.7 3.6 3.6 3.6 3.7 3.8

Traffic vs. Projected Usage percent
Dcmestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projected Usage percent

oomestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs S/tonmile 0.0011 0.0009 0.0009 0.0010 0.0010 0.0011 0.0o1

Increase In Traffic From 1977 million tons 0.0 66.8 70.5 65.5 62.6 58.3 57.3

Average/Maximum Tow Size percent HC HC MC NC NC NC NC

Naz ar s Crodi tea percent 78.8 92.6 92.5 91.5 90.6 89.2 e8.5

Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(s) Hawaii

Foreign imports of oil decline, but are more than off-
set by increases in domestic traffic. Overall, traffic
increases by 3.2 million tons from 1977 to 2003 (see Table
V-36). The reduction in reliance on petroleum results in
a reduction in the share of hazardous traffic.
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Table V-36

Regional Evaluation Report
Scenario: Baseline

Region Hawaii and Pacific Teiritories

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons
Domestic 9.2 10.8 11.8 12.9 14.1 15.6 16.7

Foreign 6.1 5.0 4.9 4.8 4.0 4.7 4.8

Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projected Usage percent
Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Ccets $/ton mile 0.0023 0.0023 0.0024 0.0025 0.0026 0.0028 0.0029

Increase in Traffic Free 1977 million tons 0.0 0.5 1.4 2.4 3.6 5.1 6.2
Average/Naximum Tow Size percent NC NC NC NC NC NC NC

Hazardous Comodities percent 59.2 56.0 51.5 47.7 44.4 40.4 3.3
Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(t) U.S. Caribbean

Reduced oil imports is expected to reduce total traf-
fic by 15 million tons by 2003. The sharp reduction in
imported oil also results in a declining share of hazar-
dous cargoes (see Table V-37).

Table V-37

Regional Evaluation Report
Scenario: Baseline

Region United States Caribbean

Unit 1977 1980 1985 1990 1995 2000 2003

Projected Usage million tons
Domestic 36.7 38.2 36.7 36.7 37.2 35.2 36.2

Foreign 53.1 54.0 49.3 47.4 44.9 38.8 38.3
Traffic vs. Projected Usage percent

Domestic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Energy Traffic vs. Projected Usage percent
Doceastic 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Foreign 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Average Linehaul Costs $/ton mile 0.0018 0.0019 0.0019 0.0020 0.0021 0.0023 0.0023
Increase in Traffic From 1977 million tone 0.0 2.5 -3.8 -5.6 -7.7 -15.8 -15.3
Average/Maximum Tow Size percent C HC NC NC NC HC NC
Hazardous Comoditiea percent 91.3 91.0 89.0 87.5 85.7 82.1 00.8

Average Delay at Locks hours 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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OBSOLETE LOCKS

Another concern about the ability of the waterway
system to perform effectively is the physical condition of
some of the older locks and the relationship of lock
chamber dimensions to traffic characteristics. The main
orientation of this evaluation process has been focused
upon the end product of water transportation, the movement
of commodities. As described in the integration plan,
system characteristics per se were not considered to be
evaluation measures. Rather performance was defined as
the main criterion for evaluation.

Nevertheless locks that can be classified as obselete
do affect capability even though they may not physically
constrain capacity. Criteria were developed and locks
were analyzed against those criteria. This analysis is
fully described in Appendix F of this report.

In summary the following locks were found to be

obsolete:

1. Lock 1 on the Upper Mississippi River

2. Locks 3, 4, 7, and 8 on the Monongahela River

3. Winfield and Marmet Locks on the Kanawha River

4. Harvey Lock on the Gulf Intracoastal Waterway
West.

5. Inner Harbor Navigation Channel Lock on the
Gulf Intracoastal Waterway East.

6. Oliver Lock on the Warrior River

7. Bonneville Lock on the Columbia River.

SUMMARY

The findings of the evaluation of the present system
relate to:

1. Lock capacity shortfalls.

2. Lock obsolescence.
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3. Impacts of such shortfalls on the com-
mercial uses of water transportation.

4. Impacts of such shortfalls on different
waterway regions.

5. Possible increases in safety problems as a
result of changing traffic conditions.

The findings for each of these categories are
discussed below.

(a) Lock Capacity
Shortfalls and
Lock Obsolescence

Table V-38 presents the list of locks found to be
constraining under one or more scenarios or sensitivity
analyses. Shortfalls in lock capacity occur in eight
regions. Twenty-five separate locations (including five
for the Welland Canal locks) have been identified.

Of these twenty-five locations, a small number of
locks and dams have been found to be constraining under
all four basic scenarios. These locks are:

1. Lock and Dam 26 at the Lower Upper

Mississippi.

2. Gallipolis Lock at the Upper Ohio.

3. LaGrange and Marseilles on the Illinois.

4. Demopolis on the Tombigbee.

The single largest shortfall in lock capacity
under the four NWS scenarios occurs at Lock and Dam
26.

Under defense emergency the single largest
shortfall in lock capacity occurs at the Locks on the
St. Mary's River between Lakes Superior and Huron.
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If the United States were to increase its coal exports
greatly, then shortfalls in lock capacity could be
expected to take place at multiple locations on the Ohio
River and Tombigbee-Warrior System. Three of the four
locks are also obsolete.

Table V-39 presents another set of locks. These locks
while not constraining, were found to have increases in
delay times under one or more scenarios and sensitivity
analyses. Accordingly, they represent possible candidates
for additional capacity based on detailed project-level
analysis of the relative benefits and costs.

Locks which were found to obsolete and either constrain
traffic or cause increased congestion are also noted in
Table V-38 and V-39. It is interesting to note that six
of the eleven locks identified as obsolete also appear in
Tables V-38 and V-39.

Table V-39

Other Locks with Increased Congestion
Under One or More Scenarios or Sensitivity Analyses

Region Lock

Lower Upper Mississippi Lock and Dam 27

Upper Mississippi Locks and Dams 15, 16, 17,
18, 19, 20, 21, 24, and 25

Illinois Starved Rock
Dresden Island
Lockport

Ohio Dashields
Emsworth

Tennessee Kentucky

GIWW West Harvey(l)
Algiers

NOTE: (1) Obsolete Locks.
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(b) Industry Impacts

There are seven industries that represent the major
users of the waterways for transportation. The two
industries most directly affected by shortfalls in lock
capacity (both as a physical constraint to traffic growth
and as an economic constraint as measured by increases in
line-haul costs due to increases in lock delays) are the
agriculture and the coal industries. These two industries
account for over two-thirds of the tonnage that cannot be
accommodated by the present system under any of the four
NWS scenarios (see Table V-40).

Table V-40

Projected Use Not Accommodated in 2003 Due
to Shortfalls in Lock Capacity by Industry

(Millions of Tons)

Bad

Industry Baseline High Use Low Use Energy

Agriculture 16.0 19.5 8.0 25.0

Fertilizer/Chemicals 3.6 4.9 1.9 4.4

Steel 3.6 8.3 0.7 8.5

Coal 9.1 23.3 2.8 15.4

Petroleum 2.3 3.0 1.1 2.4

Forest Products 0.1 0.1 0.0 0.2

Other 1.7 2.6 0.8 2.4

TOTAL 36.4 61.7 15.3 58.3

The steel industry is also adversely affected by
shortfalls in lock capacity under two of the four
scenarios. However, the fertilizer/chemicals industry,
the petroleum industry, and the forest products industry
are expected to be well served by the present system.

This same pattern of industry impacts applies to trends
in the line-haul costs of domestic marine shipments as
well. The largest percentage increases in ton-mile costs
from 1977 to 2003 occur for the agriculture and coal
industries (see Table V-41).
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(c) Regional Impacts

The regional impacts of lock capacity shortfalls are shown
in Table V-42. As can be seen, the greatest amount of projected
usage (as measures in millions of short tons) cannot be
accommodated in the four Mississippi River Regions, reflecting
the "systemwide" effects of a shortfall in capacity at Lock and
Dam 26.

The Illinois, Ohio, and Great Lakes/Seaway regions are not
able to accommodate projected usage under at least three of the
four NWS scenarios as well.

(d) Regions with
Potential Safety
Safety Problems

The evaluation of the present system has included an
analysis of water transportation safety problems. Section IV
presented a list of over 200 sites that historically have posed
safety problems. Actions in the four NWS strategies have been
designed to address these problems. The analysis in this
section identifies those regions where significant safety
problems may occur in the future due to changing traffic
conditions.
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Table V-43 presents regions where there is potential
for increases in safety problems. Without offsetting
actions, a deterioration in safety performance due to
changes in traffic can be expected in these regions.

Table V-43

Regions Wi th Potential Safety Problem

(Baseline Scenario in 2003)

Average to Share of

Increase frcm Average Max imrnm Hazardous
1977 in Traffic Lock Tolay Tow Size Omuioxlties

(Millions of Tons) (Hours) (0) %

[Vper Mississippi 24 21.7 64 13

lower Lper Mississippi 60 3.9 39 17
Baton Pouqe to Cl f 167 -- 33 35
Illinois Waterway 30 B.4 43 16
Ohio 129 4.9 63 14
Ten*ssee 37 1.5 49 1

Gulf Coast West 42 0.2 55 65
Gult Coast East 43 0.4 60 34
Mobile River and Tributaries 75 3.5 100 16

Great lakes/Seaway 191 6.8 -- 3
Washington-Oregon Coast 53 -- 51
Alaska 57 .... 89

The Upper Mississippi, Ohio, and Tennessee River
Regions as well as the Mobile River and Tributaries Region
have common changes in traffic conditions that can lead to
increases in safety problems.

1. Sharply higher traffic growth.

2. Increased tow delays at locks.

3. Relatively high average to maximum tow size
ratios.
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The Lower Upper Mississippi and Illinois Waterway
Regions also have higher traffic and increased tow delays,
although the issue of changes in tow maneuverability as a
result of changes in average tow size and channel
configurations is not as much of a problem.

The Great Lakes/St. Lawrence Seaway can expect to have
safety problems arising from the sharp increase in traffic
and substantial increase in vessel delays at the Welland
Canal, and the St. Mary's River.

Five coastal areas (three Gulf Coast areas, one West
Coast area and Alaska) can expect to have significant
safety problems with the sharp increase in traffic levels
and the relatively high levels of hazardous cargoes that
pose environmental problems as well as human safety
problems.
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VI - CONCLUSIONS

This section summarizes eight conclusions regarding
the performance of the present waterways system, based on
the discussion in Section V. It should be emphasized that
these conclusions are valid only for the time horizon of
the National Waterways Study which is a fairly short (25
year) horizon for a Corps study. The conclusions are
stated below.

1. Assuming that the present waterways system is
properly operated, maintained, and rehabilitated through-
out the study period, the present waterways system per-
forms relatively well in terms of accommodating current
and projected waterborne commodity flows through the year
2003 under most forecasts.

2. Not all flows can be accommodated by the
i' -cnt system. In particular, almost six percent of
r jected domestic waterborne flows (or approximately 89
1 1ilion tons) and over one percent of projected foreign

waterhorne flows (or 17 million tons) cannot be accommo-
Jated due to lock capacity shortfalls under the worst case
fr'recast for the future.

3. These lock capacity shortfalls are not simply
concerns of local interests. Rather, a few capacity
short-falls (namely Lock and Dam 26 on the Lower Upper
Mississippi, the Welland Canal Locks on the St. Lawrence
Seaway, Gallipolis and Uniontown on the Ohio River) have
national impacts in that they affect entire industries and
multiple regions.

4. These lock capacity shortfalls are likely to
disrupt the logistics systems of the agriculture and coal
industries more so than any other industry.

5. While the present system does a reasonable
job of accommodating current and projected waterborne
flows, it does so at higher real costs to water transpor-
tation users and with increased safety problems. The
agriculture and coal industries experience the faster rate
of growth in the line-iiul costs of domestic marine
shipments. There are over 200 sites that historically
have posed one or more safety problems. Changes in
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traffic conditions can be expected to increase the future
potential for safety problems in at least 10 of the 22
waterway regions.

6. With regard to national defense, there is a
clear priority for further study and action to address the
need1 for additional lock capacity at the St. Mary's
River between Lakes Sulerior and Huron. The ability of
the United States to increase its steel-making capability
under a major military emergency would be limited by the
present lock chamber facilities at this site.

Other locks were also found to constrain traffic
under a defense emergency, but the magnitude of the impact
is less and these locks also are constraints to normal
flows under one or more scenarios.

7. Errors in traffic reporting at locks, when
corrected, also result in additional locks being found to
be constraints. The Inner Harbor Navigation Canal Lock in
New Orleans in particular would constrain under all
scenarios if the under-reporting were corrected.

8. With regard to this nation's desire to pro-
mote exports of grain and coal, there are clear priorities
for further study and action. These priorities include
the need for a second chamber at Lock and Dam 26,1
additional capacity at the Canadian owned and operated
Welland Canal locks of the St. Lawrence Seaway, and
several other locks on the Ohio River System and the
Tombigbee-Warrior system.

9. Some locks of the present system are also
obsolete and these pose problems for the system. While
some obsolete locks are also constraints, the strictly
defined list of obsolete locks does not include the major
primary constraints noted in paragraph 3 above.

1 The use of the word "need" is not meant to suggest

that such a change to the present system's con-
figuration is required at any cost. Numerous actions
of differing costs can be taken. Furthermore, as is
true of all investment decisions, the decision on
whether to invest is distinct from the decision on how
to finance.
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GLOSSARY OF TERMS

Action: An NWS action is a discrete construction
activity; change in level of operations, maintenance,
and rehabilitation activity; change in lock operating
policy; or change in level of traffic management.

Approach: Travel of a tow from the approach point, or
from a point on the lock guidewall clear of the lock
gates in the case of a turnback approach, to a point
where the bow of the tow is abreast of the lock gates
and the tow is parallel to the guidewall ready to
enter the lock chamber.

Approach Point: The closest point to a lock at which one
tow can safely pass another tow traveling in the
opposite direction. Tows may not normally proceed
beyond the designated approach point oi a lock without
the permission of the lockmaster.

Approach Speed: Rate of movement of two during approach.

Approach Time: Time passed by the two in the approach as
above.

Auxiliary Chamber: A chamber of a multiple-chamber lock
which is usually smaller and used less than the main
chamber. Auxiliary chambers are normally used to pass
small tows, light boats, and recreational vessels, and
to maintain navigation during periods when the main
chamber is shut down.

Backhaul: The movement of barges or vessels on a return
trip from destination to origin for another load.
Backhaul trips can be empty or loaded with a different
cargo for at least part of the trip.

Barge: A non-self-propelled, usually flat-bottomed vessel,
used for carrying freight on inland waterways.

Beam: The width of a vessel at its widest point.

Capability: For NWS, water transportation capability is
the ability of the present navigation system to handle
commercial navigation safely and at a line-haul cost
consistent with the historical cost relationship among
the transportation modes.
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Capacity: The ability of a lock or channel to handle
commercial navigation measured in tons during a year.

Chamber: The part of a lock enclosed by the walls, floor,
sills, and gates; the part of a lock within which the
water level is changed as vessels are raised or
lowered. A lock may have more than one chamber, and
they may be adjacent or laterally separated.

Chambering: That part of a lockage cycle starting at the
end of the entry and ending when the exit gates are
fully recessed, or when the bow of the exiting vessel
crosses the lock sill, whichever is earlier.
Chambering includes closing the entry gates, filling
or emptying the lock chamber, and opening the exit
gates.

Chambering Time: The time it takes to close the entry
gates, fill or empty the chamber and open the exit
games.

Channel Maintenance: Dredging, lighting and other opera-
tions which assure or maintain the navigability of a
channel.

Cut: A segment of a tow which is put through a lock
separately from other segments of the tow.

Double Lockage: The type of lockage performed when a tow
passed through a lock chamber in two segments or
"cuts."

Entry: That part of a lockage cycle starting at the end
of the approach and ending when the tow or cut is
secured within the chamber and the gates are clear, or
when the closing of the gates has been initiated,
whichever is earlier.

Entry Time: The time taken from the end of approach (when
the bow is over the sill) until the tow is secured in
the chamber.
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Exchange Approach: The type of approach executed when the
vessel inbound to the chamber passes a vessel outbound
from the chamber.

Exchange Exit: The type of exit executed when the vessel
outbound from the chamber passes a vessel inbound to
the chamber.

Exit: That part of a lockage cycle starting at the end of
chambering and ending when the lock has completed
service a vessel or cut and can be dedicated to
another vessel or cut.

Exit Time: The time between the end of the chambering
operation and when the tow is clear of the lock.

First Come - First Served: A lock operating policy in
which vessels are selected for service in the order in
which they arrived at the lock, irrespective of travel
direction; often abbreviated FCFS.

Fly Approach: The type of approach executed when the lock
has been idle and the inbound vessel proceeds directly
to the chamber.

Fly Exit: The type of exit executed when the lock will be
idle following the departure of the outbound vessel,
that is, when no vessels are awaiting lockage.

Integration: The NWS study process of evaluation of the
present navigation system, and application and
evaluation of strategies.

Intracoastal Waterway: Inland route paralleling the coast
for inland craft.

Jacknife Lockage: A type of lockage in which the tow is
rearranged, usually from two barges wide to three, by
breaking the face coupling on at least one barge and
knockout of the towboat.

Jumbo Barge: A barge 195 feet long and 35 feet wide.

Knockout Lockage: A type of lockage in which the towboat
alone is separated fzom its barges and set alongside
of them in the lock chamber.
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Lock: A structure on a waterway equipped with gates so
that the level of the water can be changed to raise or
lower vessels from one level to another.

Lockage: Passage of a tow or other vessel through a lock.
A normal lockage cycle consists of an approach, entry,
chambering, and exit.

Lockage Time: The time elapsed from the start of approach
of the first vessel or cut served by a lockage to the
end of exit of the last vessel or cut served by a
lockage. Includes the time required to disassemble
and assemble multiple-cut tows and to rearrange
setover tows, when such activities prevent the use of
the lock by other vessels.

Multiple-Cut Lockage: The type of lockage performed when a
tow must be passed through the lock in two or more
segments or "cuts".

Multiple-Vessel Lockage: A type of lockage in which more
than one vessel or tow is served in a single lockage
cycle.

Navigable Dam: A navigation dam which permits the passage
of vessels without the use of a lock during periods of
high water.

Navigable Pass: An operation whereby a vessel traverses a
navigable dam without passing through a lock.

Navigation Season: That part of the year when the waterway
is open to traffic.

N up/M down: A lock operating policy in which up to N up-
bound vessels are serviced, followed by up to M
downbound vessels, where N and M are positive integers.

N up/N down: A commonly used special case of N-up/M-down,
in which N and M are equal.

Non-Structural Measure: Proposed measure to improve navi-
gation on a waterway or segment not involving building
of a lock nor any structural modifications to the lock
or waterway.

O & M: Operation and Maintenance.
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One Way Reach: A reach narrow enough that two vessels may
not pasz simultaneously.

Open Pass: Passage of a vessel through a lock with no lock
hardware operation. This is possible only when the
upper and lower pool levels are nearly equal, and
occurs most frequently at tidal locks.

PMS: Performance Monitoring System. The Corps of Engi-
neers system for keeping and producing statistics at
locks. It is not applied uniformly at all locks.

Practical Lock Capacity: For NWS integration purposes,
practical lock capacity is defined as 90% of
theoretical capacity.

Projected Use: A forecast of waterborne commodity flows
that can be expected to use water transportation
without regard to constraints.

Recreational Lockage: A lockage of recreational craft.

Reach: A channel segment between two given points on a
waterway.

Representative Lock: A lock designated as representative
of locks of similar size.

Reliability: Refers to the percentage of time a facility
is in use or able to be used.

River Mile: A number specifying the location of a point
along a waterway, obtained as the distance from a
reference point designated as mile zero.

Scenario: Assumptions about uncontrollable events
affecting the use or performance of the navigation
system.

Setover Lockage: A lockage in which the towboat and one
or more barges are separated as a unit from the
remaining barges and set alongside of them in the lock
chamber. The term is usually applied only to single
lockages, but is could be used to describe any cut.
The term is often used to refer to all types of single
lockages requiring rearrangement of the tow.
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Sill: A transverse structural element of a lock chamber
upon which the lockgates res t when they are closed;
the upstream or downstream boundary of a lock chamber.

Single Lockage: The type of lockage performed when the
entire tow can fit into the lock chamber, with or
without rearrangement, and hence requiring only one
lock operating cycle.

Standard Barge: A barge 175 feet long and 26 feet wide.

Straight Lockage: A lockage which does not require rear-
rangement of the tow in order for the two to fit into
the lock chamber. The term is usually applied only to
single lockages, but it could be used to describe any
cut.

Strategy: A set of policies and directives for taking
actions to meet water transportation needs.

Switchboat: A towboat used to assist tows requiring a
multiple-cut lockage. A switchboat may be used to
assist a tow entering or exiting the lock chamber, or
it may independently power a cut through the lock.

Ton: A unit of weight equal to 2,000 pounds avoirdupuis
(907.20 kilograms); short ton.

Ton-Mile: A unit of transportation production equal to
the movement of one ton a distance of one statute
mile.

Tow: A towboat and one or more barges which are tempora-
rily fastened together and operated as a single unit.

Towboat: A shallow-draft commercial vessel used to push or
pull barges.

Tow Configuration: Orientation of barges tied together to
form a tow.

Traffic: As used in the evaluation of the present system
and strategies in NWS, traffic refers to tons of
projected use actually accommodated.
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Turnback: A lockage in which no vessels are served; a re-
versal of water level in a lock chamber with no
vessels in the chamber. A turnback includes closing
one set of gates, filling or emptying the chamber, and
opening the other set of gates. Also called a
"swingaround" or an "empty lockage."

Turnback Approach: The type of approach executed when the
preceding event at the lock was a chamber turnback.

Turnback Exit: The type of exit executed when the next
event is a lockage in the same direction, requiring a
chamber turnback.

238



APPENDIX A

NWS FORECASTS OF UNCONSTRAINED WATERBORNE COMMODITY
FLOWS BY REPORTING REGIONS AND COMMODITY GROUP

This Appendix to the Element K2 (Evaluation of the
Present Navigation System) report is published under
separate cover. These forecasts were completed by Data
Resources Inc. in conjunction with A. T. Kearney Inc.
under Element B (Traffic Forecasting Methodology).
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APPENDIX B

LINKAGE BETWEEN
ELEMENT K1 (ENGINEERING ANALYSIS OF WATERWAYS SYSTEMS)
AND K2 (EVALUATION OF THE PRESENT NAVIGATION SYSTEM)

AND L (EVALUATION OF ALTERNATIVE FUTURE

STRATEGIES FOR ACTION) WORK
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APPENDIX B

This appendix outlines the relationship between the
lock capacity analysis performed in Element Kl (Engi-
neering Analysis of Waterways Systems) and the subsequent
lock capacity analysis conducted during integration.

ELEMENT KI (ENGINEERING
ANALYSIS OF WATERWAYS
SYSTEMS)

According to the study workplan, Element K1 had the
following major tasks:

1. Development of a methodology for assessing

lock capacity.

2. Development and costing of possible actions
to increase the capacity of potential congested locks.

3. Development of a methodology relating main-
tenance of channel dimensions to dredging volume.

4. Development of a methodology relating reli-
ability of channel dimensions to hydrological conditions
and available water flow.

5. Development of a methodolgoy for estimating
transit time, after taking into account channel curvature,
inadequate bridge dimensions, shallow water, lock delays
and other restrictions.

6. Development of costs for all other actions to
maintain or improve the waterways.

7. Development of a methodology to estimate the
costs of line-haul operations for waterborne movements.

With regard to the lock capacity analysis, Element K1
did provide a methodology for calculating lock capacity
and this methodology was adopted in the subsequent K2/L
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analysis. The only modifications made in K2 L to tli
basic equations are as follows:

1. An adjustment was made to eliminate the Ios2
in chambering time due to the make-up and break-up of tows.

2. An adjustment was made to eliminate the loLw
in chamber availability due to recreational craft.

3. An adjustment was made to incorporate a 4-up/
4-down lock operating policy where an examination of times
for fly/exchange and turnback lockages indicated that
savings were possible.

4. Adjustments were made for the numerous excep-
tions to any general rule including:

(a) Triple lockages.

(b) Multi-vessel lod: -s.

(c) Open-pass condition .

In addition, the integration analysis had to project
lck capacity through the year 2003. Element K1 (Engi-
necring Analysis of Waterways System,-) recognized that
av-rage tow size, average barge ladings, and percent
loaded at locks would vary with changos in the mix of
tuaffic at thc locks, but, for its analysis, no adjust-
ments were made to the base-year data. Element K2/L
developed the methodology for projecting these changes
' sed on changes in the underlying commodity flow data.

In addition to developing an equation for estimating
lock capacity, Element Kl calculated the costs for actions
to increase lock capacity. In order to spend limited
resources most effectively, Element K1 focused its
resources on representative locks that might be considered
potentially constraining at the present time or in the
future. Potentially constraining locks were identified by
looking at reported delay times in 1976 as well as 1976
chamber utilization as indicated by 1976 traffic level and
capacity estimates based on present lock operating con-
ditions (generally no non-structural actions). Every
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attempt was made to be inclusive so that all possible lock
capacity actions taken in the K2/L strategies would be
costed.

ELEMENT K2/L

Element K2/L had as its primary objectives:

1. The evaluation of the present system in order
to identify water transportation needs (Element K2).

2. The formulation and evaluation of alternative
strategies for action to meet needs (Element L).

Accordingly, water transportation needs (i.e., changes
in the present system required to handle current and proj-
,: ed waterborne commodity flows safe"! and at a line-haul
>,: t consistent with the historical cost relationship
;i.)ng modes) for lock capacity were i6entified in Element
KR (Evaluation of the Present Navigation System) using:

1. The modified K1 equations for estimating lock
c 'racity.

2. Projected changes in average barge or vessel
u -rging, average tow size, and percent loaded at indi-
v.Ijual locks caused by changes in traffic mix through 2003.

3. Forecasts of traffic at individual locks for
seven time periods, four scenarios, and three sensitivity
analyses.

The analysis presented in Element K2 (Evaluation of
the Present Navigation System) involved comparing fore-
casts that have been consistently developed from logical
sets of assumptions about the national economy and major
industries with estimates of lock capacity that have been
developed consistently using two generalized equations for
all commercially important locks, taking into account the
systematic interaction of traffic between locks.
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The analysis was deliberately designed to identify
those lock chambers where a physical shortfall in capacity
could be expected to take place by the year 2003. It
should be noted that, as a practical matter, some addi-
tional locks with sharp increases in delay might be candi-
dates for replacement based on detailed benefit-cost anal-
yses that deliberately take into account the benefits
accruing to new construction from reductions in tow and
vessel delays.
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APPENDIX C

LOCK CAPACITY METHODOLOGY AND DATA
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APPENDIX C

LOCK CAPACITY METHODOLOGY AND DATA

This appendix presents the equations and underlying
data for the NWS lock capacity analysis conducted in the

K2 phase of the integration process.

Before discussing the equations, it should be noted
that a "respresentative concept" was adopted from work
under prior Element Kl (Engineering Analysis of Waterways
Systems) for selected lock chambers. The concept is based
on the conclusion that the capacity of chambers with
similar or identical characteristics and of close
proximity can be calculated from the data for one of these
chambers. For Element K2 (Evaluation of the Present
Navigation System), this concept was adopted only for
those chambers where capacity exceeded projected traffic
under all scenarios by a substantial margin. Wherever
possible, attempts were made to incorporate data specific
to each chamber. In the case of tow sizes, unique values
were used for most locks.

It also should be noted that the data used for most of
the analysis are the data that were provided to the
contractor team by the Corps very early in the NWS. The
lock capacity conclusions stated by the contractor team in
the public meetings of November 1980 are based on these
data. Every effort has been made to reconcile any known
differences in the K2 capacity calculations and underlying
data with other calculatiois and data presented in other
reports. It is assumed that all problems and
discrepancies havr been discovered and resolved.

One final point should be made about the selection of
locks for capacity analysis. Locks were included in the
calculations if two conditions were met. These were: 1)
the availability of data with which to estimate capacity
and 2) the significance of commercial traffic. For
example all the locks on the Fox River in Wisconsin have
had no commercial traffic in several years and were
excluded. Other locks which pass some tonnage were
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excluded because no data were available even though such
locks had some traffic. For example, the Dismal Swamp
Canal Route in Virginia, an alternative routing for part
of the Atlantic Intracoastal Waterway, reported a total of
160,300 tons of traffic in 1977. Even if it is assumed
that all traffic on this route passed through South Mills
Lock, the only lock on the canal, it is highly unlikely
that this lock will ever approach a constraining condition
during the study period. On the other hand, some locks
were included which do not pass the "commercial
significance" test (e.g., Locks 5 through 14 on the
Kentucky), solely because representative data were
available.

The basic lock capacity model is taken from prior
Element Kl work. A major finding from the Element K1 work
is that projections using a more sophistocated lock
capacity estimation procedure entitled LOCKAP do not
produce signficantly different capacity estimates than the
simple model used in the Element Kl lock capacity
analysis. The Element K2 lock capacity analysis used a
variation of the Kl equations. The Element K2 equations
are:1

C-1. PD =a + bS

C-2. T = (ZI- 1H ) + PD 2

C-3. C = 473,040 x (i/T) x L x S x K1 x K 2 x K3

a -- Intercept of tow size-percent double
equation

b -- Slope of tow size-percent double equation
Z1  -- Cycle time for fly exchange loc.kage

(Z1 = AF + E + F + XF)
Z2  -- Time for turnback lockage

(Z2 = AT + E + XT + 2F)

The constant term 473,040 in equation C-2 is 90% of the
minutes in a 365 day year of 24 hour days. The equation
result is an estimate of practical capacity, defined for
NWS as 90% of technical capacity. See Element KI
(Engineering Analysis of Waterways Systems).
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H1  -- The savings from N up/N down

(H 1 = AF + XF - AT - XT - F)

T -- Average processing time by chamber

PD -- Percent of double lockages

AF -- Fly exchange approach time
E -- Entry time
F -- Chamber time

XF -- Fly exchange exit time
AT -- Turnback approach time
XT -- Turnback exit time
L -- Average lading
S -- Average tow size
K1  -- Percent loaded barges
K2  -- Coefficent for frequency of chamber

availability during open season,
length of season, and monthly
seasonality of traffic passing the
lock chamber.

K3  -- Chamber interference parameter.

The original equation developed in Element Kl
(Engineering Analysis of Waterways Systems) was modified
to make it applicable to the broad range of operating
conditions that one finds not only in the river segments,
but also in the coastal and Great Lakes segments. This
required making adjustments for open pass conditions,
triple lockages, and multi-vessel lockages.

The orignal equation in Element K1 (Engineering
Analysis of Waterways Systems) was also modified to
incorporate the effects on capacity of the following
non-structural actions:

1. Use of a 4-up and 4-down lock operating
policy where appropriate.

2. Elimination of possible conflicts between
recreational and commercial use of the chambers.

3. Elimination of any chamber time lost for the
making and breaking of tows in or around the lock chamber.

The effects of these actions were incorporated into
the basic lock capacity model, because it was assumed that
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such low capital-cost actions would be adopted very
quickly under conditions of lock congestion.

Using the above equations and the data contained in
Table C-2, it was possible to calculate lock capacity for
1977. For all lock capacity analysis for succeeding
years, it was necessary to modify the base 1977 data in a
logical manner to reflect changes in the mix of commodity
flows at locks from 1977 to 2003.

The capacity calculation sequence treated the three
equations as three distinct steps. The three steps were
as follows:

1. Project the percentage of double lockages
based on changes in tow size using equation C-I.

2. Calculate the projected service time using
equation C-2.

3. Calculate tonnage throughput capacity using
equation C-3 and the service time ca- ulated in equation
C-2.

The average tow size estimate at each lock for 1977
was adjusted for all subsequent years by estimating the
change in the weighted-average tow size for all traffic
passing the lock. In order to accomplish this step, it
was necessary to assign segment-specific tow sizes for
different types of commodities and then develop a
weighted-average tow size for each time period based on
the projections of traffic passing each lock.

One key finding in the Element K1 work was that the
percent of double lockages could be predicted with good
reliability based on average tow size. Larger average tow
sizes passing through a lock will generate additional
double lockages. Nomographs were developed to facilitate
the estimation of the percent of double lockages. These
nomographs were in turn expressed as simple linear
equations for each chamber (equation C-l). The values of
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the slope and intercept of each equation are shown in
Table C-2.

2

Equation C-I was the first equation solved by the
program. The result was constrained to be greater than or
equal to zero and less than or equal to one. The result
was then used in equation C-2.

The average lading overtime at locks was also
projected. The technique was similar to that used for
projecting two sizes. Segment specific ladings for
different commodities were assigned and changes in
weighted averages applied to the base year 1977 data.
Ladings at the Great Lakes-St. Lawrence Seaway Locks were
handled somewhat differently. Trends in average ladings
were examined (where available) and simple linear
forecasts in ladings were extrapolated for these locks.

Changes in the percentage of empty barges or vessels
passing locks were also projected to the year 2003 using
segment traffic data. Each analytical commodity was
estimated to be either susceptible to backhaul movements
or not. For susceptible commodities within each segment,
the change in the ratio of upbound to downbound flows was
computed. For commodities that were not considered to be
susceptible, it was assumed that they are 100 percent
empty backhaul movements. A change in the overall empty
ratio was computed for each segment over time and was used
to adjust the base year data.

Open pass conditions exist when the pool elevations on
both sides of a chamber are the same or differ
insignificantly. All locks where this occurs are part of
the shallow draft system. Some of these locks are salt
water intrusion control devices found on the Gulf Coast on
the Gulf Intracoastal Waterway. When these locks are
operated as open passes, both the upstream and downstream
mitre gates are opened and tows pass directly through the
chambers. Locks which experience open pass conditions are

2 For a full discussion see Section III of the Element
KI Report (Engineering Analysis of Waterways Systems).
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also found on the Ohio and Illinois Rivers. In these
cases, when pool differentials become minimal, sections of
the dams are lowered and tows pass through the dams
bypassing the lock chambers altogether.

A complete analysis of locks with open pass conditions
during part of the year should be based upon a detailed
study of seasonal variations in traffic and their
relationships to seasonal variations in passage
conditions. However, this was viewed as too detailed for
NWS and the rule was adopted that if open pass conditions
existed 60 percent of the time, then the lock would be
classified as non-constraining. The rationale behind this
was that the probability of extreme traffic peaks
coinciding with nonopen pass conditions would be low. All
locks subjected to analysis which experience open pass are
further footnoted in the text.

The other major lock capacity analytical problem which
necessitated the development of additional data and the
modification of the methodology was the treatment of
"multivessel lockages". Multivessel lockages are lockages
where more than one tow is locked simultaneously thorugh
in a single lock operation. This is an uncommon type of
lockage. The conditions required for these lockages to
occur are a high level of traffic moving in small tows
combined with fairly large lock chambers. When these
conditions are combined, multi-vessel lockages are
feasible because the area of the chamber permits them and
the frequency of tow arrivals is high enough to create a
queue that can be effectively served in this manner.
Double lockages are infrequent or nonexistent under these
conditions.

These conditions already exist at several locks in
Louisiana and/or are expected to become more significant
in the future. A separate equation was devised as part of
Element K2 (Evaluation of the Present Navigation System)
to calculate service times under these conditions. The
equation used is shown below:

3 1 3 M-izl
C-4. T = (Z 1 - 2HI) +PD 2 + PM - 1)(Z 1 - -!HI) + Z5]
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The additional variables in this equation are:

Pm -- Percent of multivessel lockages

M -- Number of tows in a multivessel lockage

Z5 -- Extra time per additional tow in a
multivessel lockage (Z5 = AT + XT + E)

The two additional variables of most interest in this
equation are the percfrit. of multivessel lockages (Pm) and
the number of tows in a multivessel lockage (M). The
equation also incorporates the nonstructural measures
discussed earlier in this appendix.

For all locks analyzed the number of tows established
for an N up/N down policy was set at four (N=4). (It
should be noted that if the savings from an N up/down
policy are zero or negative then the value for savings is
set at zero (H1 = 0)). It is recognized that 4 up/4
down may not be the policy which maximizes capacity for
all sites. However, it probably captures a high
percentage of the effects of local variants of this type
of policy. Also, it was not possible, at the NWS level of
abstraction to analyze this lockage policy at the level of
detail that would be employed by an implementing field
office.

The basic lock service time equation described earlier
also included a variable for the percent of double
lockages (Pd), which in turn varied with average tow
size. Thus for all other locks where double lockages
occurred the service time itself would vary over time. In
the case of locks with multivessel lockages a simpler
approach was taken and both Pd and Pm were assigned
values that did not vary over time. The result was that
average service times for these locks were held constant
over the service period. The values assigned are shown in
Table C-1 below.

The remainder of this appendix (Table C-2) contains
data developed in a standard format for all locks
evaluated.
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Table C-I

Key Values for Locks With
Multivessel Lockages

Lock Name P P-

Inner Harbor 6% 35%
Calcasieu 0 10
Vermilion 0 32
Algiers 10 50
Harvey 17 40
Port Allen 0 6
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APPENDIX D

LINE-HAUL COST METHODOLOGY AND DATA

INTRODUCTION

This appendix serves two purposes. These are to
present the methodology used to project changes in line-
haul costs (a key evaluation measure) and to present the
basic data used for the model presented. Examples of cal-
culations are included to illustrate the procedure. It is
impossible to present all of the calculations sirce some
key factors which influence the results were never pro-
duced externally to the computer. Where these factors
come into play are pointed out in the text of this
appendix.

The remainder of ths appendix is organized as follows:

o First, the basic concepts underlying the
methodology are explained.

o Second, the basic model used for analy-
sis segment specific and commodity
specific calculations is described and
examples are shown.

o Third, the methodology for computing
regional averages of line-haul cost is
presented, with example calculations.

o Finally, a large table of data is
presented.

LINE-HAUL COST
EVALUATION CONCEPT

As discussed in Section IV of this report, line-
haul cost is a key component of capability and is
strongly influenced by the characteristics of the
navigation system. Thus domestic line-haul cost was
idertified as a key evaluation measure for the
present system and for strategies. The concepts that
were developed were designed for the sole purpose of
providing this evaluation for NWS.
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The basic approach was to specify commodity groupings

for costing purposes, develop equations of sufficient
generality to capture the wide range of operating condi-

tions, develop data to serve the equations, and compute

averages for regional, industry, and national evaluations.

Thu four costing groups were dry bu] commodities,
iron and steel products, liquid bulk products, and other
commodities. These groupings were defined because the
differences among them were great enough to justify separ-
ate treatment. Only four groupings were defined because
more detailed treatment was deemed to be unwarranted for
NWS purposes. Thus, for example, coal and grain were both
assigned to the same costing group. The assignment scheme
was based on the fourteen NWS Reporting Commodities and is
shown in Table D-1 below, along with the assignments to
major industries.

While most of the costing group assignments are self
-xplAinatory, one assignment deserves speci al n lention.
Iron and steel products was given a special jrouping since
barges carrying these commodities on the inland shallow
draft svstem are often light loaded.

Given the costing group definitions, additional data
was sought concerning key variables for each costing group
for each analysis segment. Data was gathered from a
variety of sources, including prior NWS work, other stud-
ies anO publications, and telephonic interviews with oper-
ators, lock masters, etc. The data was reviewed and final
values were assigned.

A key concern was tow sizes on the shallow draft sys-
tem. The basic philosophy was to select tow size/barge
size combinations that represented highly efficient,
,nough not necessarily the most efficient, operations.
The rationale for this approach is that the efficient
operations establish the price in competitive markets.
Thus it was not necessary to develop detailed statistical
descriptions of tow sizes. Tow sizes were applied uni-
formly for the relevant commodities for all parts of a
segment. It is recognized that on some segments it is not
practical to use the same tow size for the entire length
of a segment. However, the level of detail used was
sufficient for NWS study objectives.
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Table D-1

Costing Group Assignments

NWS
Reporting Costing NWS
Commodity Group Industry

I. Farm Products Dry Bulk Agriculture

II. Metallic Ores Dry Bulk Steel

Ill. Coal Dry Bulk Coal

IV. Crude Petroleum Liquid Bulk Petroleum

V. Nonmetallic Ores Other Other

VI. Food and Kindred Dry Bulk Agriculture
Products

VII. Lumber and Wood Dry Bulk Forest
Products Products

VIII. Pulp, Paper and Allied Dry Bulk Forest
Products Products

IX. Chemicals Liquid Bulk Fertilizers
and
Chemicals

X. Petroleum and Coal Liquid Bulk Petroleum
Products

XI. Stone, Clay, Glass, and Other Other
Concrete Products

XII. Primary Metal Products Iron and Steel Steel
Products

XIII. Waste and Scrap Other Other

XIV. Other Commodities Other Other
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Once the data and model were in place for calculating
segment level costs, it was necessary to specify a weight-
ing procedure for compI'Ling industry and reqgon'il aver-
ages. A separate set of equations was developei for this
purpose.

Thus, the line-haul cosL loctL c nsiSLs

of two major sets of equations, the analsis seqment level
costing group equations and data, and the averaging equa-
tions. These are discussed in turn below.

SEGMENT LEVEL COSTING
GROUP CALCULATIONS

(a) Cost Model

The model presented here consists of three equations.
It is based on prior work by A. T. Kearney. Procedures
developed in Element K-1, Engineering Analysis of Water-
ways Systems, were also reviewed. The approach presentel
here can be considered a simplification of the more com-
plex equations presented in Element K-1.

The three equations used are a fuel cost equation, a
tow boat cost equation, and a ton-mile cost equation.
Where self-propelled vessels were used as the basis for
costing, the same equations were used with tow size set
equal to one and barge cost set equal to zero. The three
equations and the variable are shown below:

D-1. P I x G

D-2. K1  F + N

D-3. C [ f- 2BJ] K ~+ K ~ ~+ IL x R]

C = Cost per ton-mile.

B = Percent loaded by costing group and segment.

K1  = Tow boaL costs per hour by costing group and

segment.
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K2  Barge costs per hour by costing group and

segment.

S = Tow size by costing group and segment.

R = Length of segment in miles.

V = Average speed by segment.

D = Lock delays Sum of Average per tow within
an analysis segment.

L = Barge lading by costing group and segment.

F = Fuel cost per hour

G = Gallons1 of fuel consumed per hour.

I = Fuel cost index in dollars per gallon2

consumed per hour.

N Nonfuel towboat cost per hour

(b) Data

The fuel cost index (I) was developed for three class-
es of line-haul cost calculations; (1) inland shallow
draft subject to PL 95-502 fuel taxes, (2) inland shallow
draft not subject to PL 95-502 fuel taxes, and (3) deep
draft. The values for these three indexes which were
applied to fuel consumption (or aggregate fuel cost in the
case of deep draft) are shown in Table D-2 below.
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Table D-2

Fuel Cost Indexes

Calculation Year
Class 1977 1980 1985 1990 1995 2000 2003

Inland Subject
to Tax 0.742 0.836 1.056 1.240 1.440 1.675 1.835

Inland Not
Subject to
Tax 0.742 0.826 0.970 1.140 1.340 1.575 1.735

Deep Draft 1.000 1.113 1.307 1.536 1.806 2.122 2.338

1 Unit of measure for deep draft for this variable is total

fuel cost.

2 For deep draft this variable is used as a pure index with no

unit of measure.
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The fuel cost indexes incorporate the effects of three
factors. The real cost of fuel was escalated at a com-
pound rate of four percent per year. Fleet average fuel
efficiency gains of 0.5 percent per year were also incor-
porated into this index. Finally PL 95-502 fuel taxes
were incorporated where appropriate.

Two variables for this model (equation D-3) are taken
from internal calculations within the computer. These are
the percent loaded (B) and the delays (D). Percents load-
ed were set at 50 percent for liquid bulk and other com-
modities. Upbound and downbound movements of dry bulk and
iron and steel products wete matched internally in the
computer, and future percents projected.

The treatment of delays can only be understood in the
context of total transit times and the use of average
speeds. The average speed used are less than the maximum
underway speeds attainable on most segments. The numbers
used reflect upbound and downbound averages taking into
account delays as they existed during the base period.

Rather than attempt to sort out origin-destination
traffic densities and calculate line-haul costs between
locks or by using a complicated weighting scheme, a
simpler approach was used. Costs were computed as if each
ton travelled the entire length of the segment. Delays
were accumulated for each lock for only the traffic using
the lock. All averaged delays per tow for all locks were
then added to the total transit time for traveling the
entire length. This approach was considered acceptable
since the intent was to capture the segment level effects
of actions. If the purpose had been to calculate costs of
specific movements, as would be appropriate for a project
level lock analysis, then a more detailed approach attri-
buting specific delays to specific traffic would be
necessary.

The line-haul costs on the Great Lakes were also
computed on a fixed trip length. The mileage used is
essentially the distance (in statute miles) from one end
of a lake to the other. While this clearly overstates
average trip length, many major ports are at the ends of
the lakes (e.g., Duluth, Chicago, Buffalo).

280



All of the other variables used in the model above
were fixed over time for each costing group and analysis
segment. The data are presented in Table D-6 of this
appendix. Additional discussion of these data items is
presented below.

Non-fuel costs of towboats and vessels differed by tow
or vessel size and by segment. The values used for tow
and vessel sizes for analysis segments for which line-haul
costs were computed are presented in the Table D-6.

Barge costs per hour differ by type of commodity and
segment. Barge ladings are also presented in the ac-
companying table by analytical segment. To a certain
extent barge sizes and their associated costs had to be
tailored to fit the available data. The most prominent
example in this appendix is the very large barge size used
for liquid bulk commodities. In fact there is a wide
variance in sizes of tank barges used. The large barge
size used is compensated for in the tow size for these
commodities. The basic objective is to capture a "carry-
ing capacity" and associated costs typical of the type of
operation. Barge size per se, when treated in this man-
ner, is less important because the dollar cost per ton of
carrying capacity for the same type of barge does not vary
greatly across barge size.

(c) Examples of
Calculations

To illustrate the operation of the model at the analy-
sis segment level, the calculation of line haul costs for
the year 1977 and the year 2003 for dry bulk commodities
for Analysis Segment 4 (Lower Middle Mississippi) is shown
below for the Baseline Scenario for the Present System.

Fuel Cost in 1977 = 0.742 x 199.04

Towboat Cost in 1977 = 147.68768 + 156.21

Line-haul Cost in 1977 = (3-2x.61)((303.90/25)+4.6)
((355/6)+0)/(1,500x355) = 0.0033
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Fuel Cost in 2003 1.835 x 199.04

Towboat Cost in 2003 = 365.2384 + 156.21

Line-haul Cost in 2003 = (3-2x.59)((365.24/25)+4.6)
((355/6)+0)/(i,500x355) = 0.0051

Additional examples are shown in Table D-3 to illus-
trate the effects ot cIIaIjez ile Lite comiponents of t1 '- fr 3"
cost index compared to delays combined with backhaul (per-
cent loaded) changes generated internally inside the
computer.

This table shows the percentage composition of all the
changes influencing the year 2003 proiected cost compared
to the base year. The year 2003 cost is the product of
all these changes. As can be seen, the forecast of real
fuel cost increases dominates the results, followed by
delays combined with changes in backhauls. The first
example in Table D-3 corresponds to the example developed
earlier. Although the data in Table D-3 are for the High
Use Scenario, the results are virtually the same at this
level of calculation as for the Baseline Scenario, since
there are no lock delays. The only factor that is dif-
ferent for the example of the Dry Bulk calculations for
Analysis Segment 4 across scenarios is the percent loaded
in the year 2003.

REGIONAL AVERAGE LINE-
HAUL COST CALCULATIONS

The calculation of regional averages took place in two
steps. First industry averages were computed at the
regional level based on weighting segment level costing
group results. Second, overall regional averages were
computed based on regional level industry results. The
weights used were the tons handled. Ton-miles were con-
sidered as a weight, but tons were selected since ton-mile
projections had not been developed for all analysis seg-
ments. The example calculations are shown in Table D-4
below.
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Table D-4 shows calculations for only two industries
for Region 3. These two sets of calculations are suffi-

cient to illustrate the operation of the methodology.

First of all it should be noted that the values for the

segment level costing group calculations are the same for
all three segments in this region. Thus a single un-
weighted line-haul cost can b- apAied to all traffic
assigned to the costing group i - eqin.

If the segments within a iegi" Aad different tow
sizes, ladings, etc., then uni.De 'ues for each analysis
segment would be generated. Instead a single number for
farm products under reference column 8 in Table D-4, three
columns of figures would be necessary, one for each
analysis segment.

Second it should be pointed out that the assigni.ent of
reporting commodities to costing groups and industries
(shown in Table D-l) is such that each industry has a
unique costing group assignment, except for the st'-el
industry. Thus, in regions such as Region 3, wL l re data
(including delays and backhaul) are the same for all
analysis segments in the region for the same o
group, the regional industry weighted average wil -Always
work out to be the same as the unweighted analysiS segment
result.

In the example shown in Table D-4, the values under
reference columns 9, 10, and 11 are the products of the
tons accommodated multiplied by the unweighted line-haul
cost. It should be pointed out that the weighting proced-
ure results in through tonnages and tonnages moving bet-
ween segments in the same region being counted more than
once. This does not distort the result, rather it en-
hances the result since longer haul moves are given
greater weight.

The final value for the weighted regional industry
average is the sum of all the weighted products divided by
the sum of all the tons accommodated weights.
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The steel industry calculations for Region 3 are shown
in Table D-4 because this is the only industry identified
with more than one costing group. Accordingly, the
weighted products are the result of multiplying tons
accommodated for specific reporting commodities by specif-
ic unweighted costs, rather than the same unweighted cost.

The regional average linehaul cost for all commodities
is based on the regional industry averages as shown in
Table D-5.

The procedure for computing the overall regional
average is rather straight forward. The industry line-
haul costs are multiplied by the corresponding tonnages
and these products are summed. The sum of these products
is then divided by the sum of all the tons accommodated.

Table D-5

Example of Regional Average
Line-Haul Cost Calculations

(Baseline Scenario, Region 3, 1977)

Industry Millions
Regional of Tons Weighted
Average

Industry Line-Haul Cost Accommodated Products

Agriculture 0.0033 46.4 0.153120
Fertilizer &
Chemicals 0.0053 14.9 0.078970

Steel 0.0044 6.7 0.029480
Coal 0.0033 11.9 0.039270
Petroleum 0.0053 27.9 0.147870
Forest Products 0.0033 0.9 0.002970
Other 0.0117 14.8 0.173160

TOTAL 123.5 0.624840

Weighted Regional
Average Line-Haul Cost 0.624840/123,500,000 = 0.0051

NOTE: All the values used in this table were extracted
directly from regional evaluation printouts.
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LINE-HAUL COST
DATA

The remainder of this appendix contains the basic
data used for computing line-haul costs. Neither the
lock delays, the changes in percent loaded, nor the ton-
nage weights are shown since no permanent record was
produced of all these items. The data is contained in
Table D-6 beginning on the next page.

287

.. . . . . ., . -- , . ,W



0 10 le '0 .0Iv w 1 w '

40 404- -

m- m0 v0 40 -W ID aa

a .0 4~ 0 a 0 4 0 0

.4 Ct It C

00~~~ ~0 0000 44 t 3 .

- - *-.- - 4 - .

28

per



~~~~)~~C 00 0 000oc

0 0 0 0 0 01 0 , 'l 0 1 0 1. 0 , 0 4 00 00

1! .a 1! - . !
' V

11 ~ 0 0 C.06

r. 0. .0 S 0 0 CC, 1, Of ol ol4 I~

ml 1, 10 O 10,

I SI

At 6

8 .4..4289

U SI t t~ 3 3



C- VC Wir 5' 2 Z

12

00 t ' CC C CC C o r C

2 22 Z 2

f - 2

v vv * -C -CC dC C

flb,5,pN~~~fl 
mI x 

N t V V 2

CVN NN NV 55NPNAN Ca

. .i V .2 . .2 .d

u V V

C ~ ~ ~ ~ ~ c oV V C V V C

vi 0 v00 owv a . , e tC i c

cc a, 
0

0c 00a 0 0 0 00 C. ccIIc cc sriS sa .r o WV cc aI

9 290

I AV._8_

-0 .1i' P1



-4- 'gC I*W

. . %0
F.F.F.F'SS~ vm U WU U I.O

le 10011. 1", to 0 P

o- -n @00 n0 00 0 P P 00 m 00 N

C a Va.

4. AD ac WI

1 291



Iw c. -e .9c0C d

:2 :2N n 3 2n2 3

IiI I- 42 - 0 a- 4m - s 12 z z

~.. .0 '4 0.0 .0 4 - - 4 .0 0 . .0 .0 .c -c
I2 Z A I Is, I0 z 2 z

cg I 4 1 A I n m Ic I, z

tu~~~~~~ ~~~~~~ dl. 0... 0 . - . 0 . 0 . 0 .
In,~2 I fl 4 In,2 I" la 3m .0c X Z

.2. I9 W C I l Z c I

12 4U

Io U~~~~~~ ~~~ 4400 0 4 - - . . 0 . 0 . 0 .

2 ~ oo o a2 3 o

o 2 .o

S ooo o o S

.2 k, 4 4.0 I , m I

-. 44 v0 o a 4l o0 a0. 0 4

6o Na

150
pAU~~~~~~ ~~~ a 4 4 0 v 0 4 0 . 0 . 0

J U 3333 3 3 3 3 .0 3292



V V

0 00d

C - I all g ill I .I 9

1w

8 Ag IM fit c

C .4 - . . .a

293

, . .- . .- -,

o C S

_- s-I - ." - -- -, __ -' '' - . . . . J l



N N
N

- a
Ng N

N*

* N
N U

- C
C N.

I
* N

a. Na
N N
- N

U N.
.0

* *0
- N

N N' S
- a.H U N CC
* N

N. N a. ~A *
£ ~ I
0 -

N * g
H N H 0
* N N
N N

Uo C ,i N
N. M~ H 'V N

- N.

o .0 m
N N Na. N * 5

ca. N* U N N

N M8 3
I 2~ 5 -
* ~a ~
M

N S -* u .g S
'V N H -
N - Ka 3£
C N. £ H
- 'V U H S

N N U N

* 3 g . N.
* N. N. N

- S 3 13 *~ - a *~: z~ ~
N N N.8 s a
'V a. H CU
* N 5 0 H -
- *0 N H

~.' J ~ 8

~ ~ .!
:3 3
ON N U
N..4 N * N Nil- ~ EM a. OH

~ N. ~ H
UN ~ -. U 01
~a..o~3 MH

N. N PH N. ~. r ~
N N 0 - aa. H N

*. . ~i ! 8
MN S - N N U - M U2 - 3 - M U

~I :~ ~ ~
goSm

U I V
H N AN ~H N H N

N MN
*S I M N Haz a s a ~
NM r.

- ft NN *z~; ~

294

I ___________ ____________________

;~-. :.
~ ,.' 'C -~



APPENDIX E

SENSITIVITY ANALYSIS

OF LOCK CAACITY ESTIM4ATES
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APPENDIX E

SENSITIVITY ANALYSIS
OF LOCK CAPACITY ESTIMATES

INTRODUCTION

A series of models was developed to estimate lock
capacity and determine the impacts of physical shortfalls
in lock capacity on projected usage. These models include:

1. Models to estimate changes in traffic data at
the lock level from 1980 to 2003.

2. A lock capacity model that is capable of
incorporating changes in the traffic mix at locks over
time and the effects of generally applicable non-struc-
tural actions.

3. A model to determine the effect of a physical
shortfall in capacity at one lock on the traffic level at
other locks in the system.

The lock capacity model was designed to incorporate
the effects of widely applicable actions on lock capa-
city. These widely applicable actions include:

1. Extension of guidewalls and employment of
extra towboats or winches to eliminate the additional
chamber time lost to the making and breaking of tows too
large to fit within the lock chamber.

2. Implementation of a 4-up and 4-down lock
operating policy wherever the time saved in the approach,

entry and exit from the chamber is not offset by the
a-itional time caused by turning back the empty chamber.

3. Change in lock operating policies to minimize
any conflicts with recreational use of lock chambers at
the expense of commercial navigation.

This appendix contains sensitivity analyses of lock
capacity estimates at various sites under relaxed
conditions different from those imposed above and where
unique site characteristics require further analysis.
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MINOR STRUCTURAL
ACTIONS

Some minor structural actions above and beyond these
widely applicable actions may be appropriate for some
locks with unique configurations. A sensitivity analysis
was performed to determine if any of our findings should
be modified regarding which locks are potentially
constraining through the year 2003. The results from
examining three of these locks are presented below.

(a) Lock and Dam 22
on the Upper
Mississippi

Lock and Dam 22 was originally found to be
constraining under three of the four scenarios, assuming
that a second 1200' by 110' chamber at Lock and Dam 26 was
constructed before the year 2000.

One of the reasons why Lock and Dam 22 appears as a
constraining lock before the two locks to either side of
it is the unusually long approach and exit times at the
site. Savings in exchange approach and exit times might
be realized in the upper as well as in the lower approach
channels by various measures.

For upper approaches, the approach distance might be
reduced from 4,000 feet to approximately 3,000 feet by
enlarging the channel to allow for the exchange of two 15
barge tows half a mile from the lock. Dredging would be
required to enlarge the channel. Approach and exit times
might be reduced by as much as 25 percent. Further
savings in approach time might be obtained by reducing
outdraft problems through wall extension. This action
might reduce approach times by as much as two minutes on
an annual h, sis (outdraft problems are seasonal).

The major problem at the lower pool is caused by an
eddy that makes tow alignment difficult along the lower
guidewall. The calculated approach speed is only 2.3
feet/second instead of an average approach speed of 5.4
feet/second for upstream tows at other locks on the
Mississippi River.
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The eddy problem might be solved by extending the
lower guidewall. Exchange approach and exit times on the
lower approach channel might be reduced by as much as 50
percent. However, the seasonal aspect of this eddy
problem is such that average annual timings would only be
reduced by approximately 25%. 1

As a result of these three actions, lock capacity
might be increased approximately 10% more than the
original lock capacity calculation. This would change the
conclusion about this lock as a constraint only under the
baseline and high use scenarios. In both of these cases,
the additional capacity would be adequate to handle
projected usage through the year 2003. (No change in
conclusion is made if a second chamber is not built at
Lock and Dam 26.) The actions, if effective, would have
the effect of delaying the need for a new chamber for
approximately five years.

(b) Marseilles Lock and Dam
on the Illinois River

Marseilles was also originally found to be
constraining if another chamber is built at Lock and Dam
26 before the year 2000. In this case, Marseilles was
found to be constraining under all four scenarios.

There are at least two reasons why lock capacity might
be increased at Marseilles above and beyond the levels
indicated in the original calculation. First, the upper
approach distances might be shortened from over 10,000
feet to 4,000 feet if the channel is enlarged at a
location some 4,000 feet from the lock and running some

1 Because of the site configuration, including bank,

channel, lock, and dam, there is a trade-off between
outdraft and eddy problems. If the gate openings at
the dam are such that outdraft is reduced in the upper
pool, then the eddy is increased in the lower pool,
and vice versa.
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2,000 feet in distance. The estimated savings in time
would be approximately two minutes for the lock approach
as well as exit.

In addition, the filling time at Marseilles is un-
usually long. There are two explanations for this long
filling time:

1. The lock operators do not fill the cham-
ber faster, to avoid air entrainment in conduits due
to the high lift (25 feet).

2. Debris often obstructs the intakes. The
intake screens are cleaned by using buckets. This
operation is conducted very infrequently when filling
time starts to exceed 30 minutes.

Two minor structural measures might possibly be
implemented at Marseilles to solve these problems:

1. Drill air holes to allow the highly com-

pressed air entrained in the conduits to escape.

2. Install mechanical trash rakes.

Filling time might be reduced from a yearly average of 26
minutes to as little as 18 minutes.

Chambering time would in turn be reduced from 20
minutes to 16 minutes. This four minute decrease in
chambering time along with the improvements to approach
times would be sufficient to prevent Marseilles from being
a constraining lock under all four scenarios. The in-
crease in capacity, if the measures would be effective,
would be sufficient to delay the need for a new chamber
for at least five years.

(c) The Great Lakes/
St. Lawrence Seaway
System Locks

Five of the eight locks at the Welland Canal section
of the St. Lawrence Seaway were originally found to be
constraining under three of the four scenarios and within

299



fraction of being considered constraining under the low
use scenario. 2

Two actions may be appropriate at these locks. How-
ever, the actions must still be considered somewhat
speculative at the present time until demonstrations and
testing are undertaken.

These actions are:

1. Implementing a computerized monitoring
system for scheduling and processing of vessels.

2. Utilizing specifically designed tugs or
shunters in combination with precise guidance systems
for decreasing lockage times.

Preliminary studies indicate that a computerized
monitoring system at the Welland Canal section could
increase capacity from 5% to 10%. Such studies also
indicate that a 20% to 25% savings in total lockage time,
which corresponds to a 25% to 30% increase in capacity,
might be realized.

If such actions were to be effective at the Welland
Canal section of the St. Lawrence Seaway the conclusion
about these lo~ks being constraining would change. It
should be emphasized, however, that the entire savings of
these actions would have to be realized if there were to
be a change in the original conclusions under the bad
energy and high use scenarios.

The St. Lawrence River section of the Seaway was also
originally found to be constraining under the high use
scenario if additional capacity was provided at five of
the Welland Canal locks before the year 2000. Both the
computerized monitoring system and marine shunters may be
applicable to these locks as well.

2 The other three locks at the Welland Canal have dual
chambers.
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RECREATIONAL USAGE OF
COMMERCIAL LOCKS

Recreational craft also use the commercial navigation
system, including locks. The lock time use solely by
these vessels is not available to commercial traffic. The
modified equation shown in Appendix C simply deleted
recreational usage in accordance with the imposition of
one or more nonstructural actions. The question was
raised in the November meetings about the effect of this
action on study conclusions. Table E-1 presents the
results of a sensitivity analysis of this issue for
selected locks.

The locks selected for analysis are in areas of
significant recreational use combined with a relative
absence of auxiliary chambers. Thus recreational use is a
more important issue for these locks. The data analyzed
were for the High Use Scenario in the year 2003 only.

The first step in the sensitivity analysis was to
compute the effect on capacity of allowing the same level
of exclusive recreational usage as was reported in the
base year data. The percentage reduction in capacity is
shown. The second step was to test the reduced capacity
against projected usage to see if the locks became
constrained. The final step was to compare conclusions of
the sensitivity analysis with the basic conclusions
incorporating the non-structural action. The result was
that all the locks which were constrained under the
sensitivity analysis were also found to be constrained
under the basic calculations. No additional locks were
found to be constrained. Therefore the study conclusions
remain unchanged.

RESTRICTED NAVIGATION
SEASONS

Locks in three NWS regions have navigation seasons
that are restricted to less than a full year. This in
turn restricts the maximum potential throughout capacity
of these locks. These locks were analyzed further and the
results are shown in Table E-2.
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Table 1-1

Sensitivity Xnslysis of Recrestional Usage of Selected Locks

MES Rivter/ Percent Reduction Mould LoCk Is Conclusion
aaqi Seant materay Lock Name ino Capagity Be Co"sItat d Diftorgt?

Upper Upper )Ussissippi R.. LLD 25 3 so so
Mtississippi Mississippi Minnapolis to LID 24 2 so so

mouth of LID 22 4 Too mo
Illinois 5. LID 21 3 oo o

LAD 20 3 o o
L6D 19 7 no No
LIDI 3 *O no

la, 3 Do no
ID 16 3 No Do

LID 15 MaLn 3 No a,
LID 15 Auiliary 12 no Do
I&D 14 Main 7 No NO

LID 14 Amiliary 3 No no
LAD 13 13 No No
LD12 13 Do Do
L&D 11 13 Do No
LID 10 13 NO Do
LID , 13 so No
LID 8 13 No Do
LAD 7 13 Do Do
LID 6 13 Do No
LID 5A 13 no Do
LID S 13 Mo no
LID 4 13 Do Do
L6D 3 13 No no
LID 2 e5 o
LI I 13 MO Moo
LD 13 No No

Lower St. 13 Wo Io
Anthony 13 No no

Lower Upper Lower Upper Mississippi R.. L6D 26 Main S Yea
Mississippi Mississippi Illinois a. to LID 26 Auxiliary Z4 T"e Po

Missoori a.

Kiddie Misisaippi R., LAD 27 Main 6 Wo Do
KisslSSippi Missouri 2. to LID 27 Auxiliary 2 Do No

Ohio f. (Chain
of looks Canal)

Illinois Illinois Illinois a. r range 3 Tom no
River Waterway Peoria S Yes Do

Starved Rock 5 mo No
Marseille Yea so

Dresden slad 5 No no
D" Plains& R. Brandon load S so No

Chicago Sanitary Lockport 4 No no
and Ship Canal

Calumet R. T.J. Onien 15 so Do

eDYL (1) Without eliminating the tise loat to recreation this lock Is within one percentage point of being ounstrained.
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The NWS lock capacity analysis developed in Element KI
(Engineering Analysis of Waterways Systems) treats the
effects of navigation seasons linearly. That is, capacity
varies directly with season lengths. Thus the potential
increases in capacity shown in Table E-2 are simply the
results of assuming 100% availability. This approach over-
states the potential canacity gains from season extension.
The efficiency of both locks and tows or vessels is reduced
in winter and this is not captured here. Nevertheless it
is useful to review the maximum potential effects of sea-
son extensions. The analysis shown in Table E-2 is for the
High Use scenario only in the year 2003.

Only one lock, Lock and Dam 22, on the Upper Missis-
sippi was constrained under the basic analysis. Increasing
the availability of this lock (without adjusting any other
variables) to year round navigation would provide adequate
capacity. However, in order for such capacity to be effec-
tively used, seasons at adjacent locks, and many more locks
upstream, would also have to be extended. Increasing
navigation seasons on the Upper Mississippi would probably
not be cost effective in relieving capacity constraints on
this NWS segment alone.

Season extension on the Great Lakes and St. Lawrence
Seaway on the other hand could be quite effective in
increasing lock capacity. The potential increases shown
in Table E-2 correspond roughly to the capacity increases
estimated in a recent Corps study, although the methodolo-
gies are quite different.3 Although the conclusions
about capacity constraints here differ for the Welland
Canal and St. Lawrence River sections of the Seaway, it
should again be pointed out that this analysis does not
take into account reduced operating efficiencies. It is
also important to note that, while year round navigation
at the Sault Ste. Mary Locks on the St. Mary's River is
helpful during the defense emergency analyzed separately,
season extension by itself would not be sufficient to meet
the capacity shortfall.

3 United States Army Engineer District, Detroit, Final
Survey Study for Great Lakes and St. Lawrence Seaway
Navigation Season Extension, Appendix D.
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OPEN PASS
CONDITIONS

As stated in Appendix C, locks with open pass condi-
tions available 60% or more of the year or more were
considered to be non-constraining. The available data
indicated that two lock sites were at the bottom end of
this range and they are reviewed here.

Calcasieu Lock is on the Gulf Intracoastal Waterway
West. The seasonality coefficient for this lock is 1.00,
indicating no difference in flows across seasons. If
capacity were computed as if the lock had no open pass, it
would be 58.8 million tons annually under the High Use
Scenario traffic conditions in the year 2003. Projected
use under the High Use Scenario in the year 2003 for this
lock is 56.8 million tons under the High Use Scenario.
Therefore the conclusion about whether or not Calcasieu
Lock would constrain traffic is unaffected.

Locks and Dam 52 on the Ohio River also have open pass
conditions 60% of the year. If no open pass is assumed,
capacity at this facility is estimated to be 91.3 million
tons under High Use traffic conditions. Projected Use
under the High Use Scenario is forecast to be 136.6
million tons. The seasonality coefficient is computed at
.85. Tons not handled at Locks and Dam 52 could be as
high as 10 to 20 million tons under this scenario if peak
traffic periods correspond to non-open pass periods.

Locks and Dam 53 on the Ohio is open pass approxi-
mately 90% of the year Up until December, 1980, when the
new 1,200' x 110' chamber went into operation at this
site, capacity could have been severely contrained during
drought years. With the new chamber in operation this
risk of a shortfall is greatly reduced. It should be
noted however that both the 1200' chambers at Locks and
Dams 52 and 53 are "temporary" structures with design
lives of less than 50 years.
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APPENDIX F

ANALYSIS OF OBSOLETE LOCKS

PURPOSE OF
APPENDIX

The purpose of this appendix is to present and discuss
the analysis of lock obsolescence conducted as part of the
evaluation of the present system. This analysis was dis-
cussed briefly in the Element L (Evaluation of Alternative
Future Strategies for Action) report presented in March of
1981. It has been included as part of the evaluation of
the present system in response to comments.

The issue of lock obsolescence was first raised at the
public meetings held in the Fall of 1980 and in subsequent
review sessions with the Corps of Engineers. A concept
was developed, criteria were specified for identification
of obsolete locks, and the results incorporated into the
analysis of strategies. This appendix provides the com-
plete details of that analysis.

CONCEPT OF
OBSOLESCENCE

Many of the locks on the present waterway system are
old and/or were designed and constructed to meet water
transportation characteristics which were different than
those which have materialized over time. For example,
some locks were designed based upon a forecast of future
tow sizes which turned out to be low. Some of these locks
still exist, and adversely affect water transportation.

However, this issue is different from the physical
constraints to traffic which some locks pose. Locks may
be considered obsolete yet still be adequate to pass phys-
ically all the forecasted traffic. Therefore it was con-
sidered useful to explore this issue further.

Locks were reviewed with regard to age, utilization,
and chamber dimensions in relation to other locks in the
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system of which a particular lock is a part. Chambers
which are small with respect to existing tow sizes or with
respect to neighboring locks can impose additional costs
on the private sector due to additional delays or even
impose requirements for reconfiguration of tows. There-
fore all of the locks in the shallow draft waterway system
included in Appendix C of the Element K2 (Evaluation of
the Present Navigation System) report were reviewed
regarding obsolescence.

CRITERIA USED FOR
SCREENING LOCKS

Three criteria were used for screening locks for
obsolescence.

(a) Age of Locks

For a lock to be considered obsolete for NWS purposes
it had to be thirty years old in 1977. Such locks would
be over fifty years old by the end of the time horizon of
the National Waterway Study. Such locks incur additional
costs for higher levels of rehabilitation over time. Thus
savings might be realized by replacing locks under this
criterion.

(b) Chamber Dimensions

For locks to be considered obsolete the main chambers
had to be less than 110 ft. wide by 600 ft. long or other-
wise mismatched with other locks of the system of which
they are a part. The fact that a lock that is only 600
ft. long may generate a requirement for performing double
lockages on some segments was not considered to be suf-
ficient by itself for classification as obsolete.

(C) Utilization

In order to avoid inclusion of locks with extremely
low utilization which might meet the other two criteria, a
minimum utilization figure was established. For locks to
be considered obsolete they had to have a utilization of
30% under the baseline scenario by the year 2003. Thus
locks which clearly meet the first two criteria, such as
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all of the locks on the Kentucky River system, would not
be included as candidates for potential replacement, due
to obsolescence because of their low utilization.

RESULTS OF
THE ANALYSIS

All of the locks reviewed under the criteria described
above are listed in Table 7-1 below. As a result of the
application of these criteria to the list of locks in
Table F-1, a definitive list of "obsolete* locks was
developed. This list consists of the following locks:

1. Lock 1 on the Upper Mississippi River.

2. Locks 3, 4, 7, and 8 on the Monongahela River.

3. Winfield and Marmet Locks on the Kanawha
River.

4. Harvey Lock on the Gulf Intracoastal Waterway
West.

5. Inner Harbor Navigation Channel Lock on the
Gulf Intracoastal Waterway East.

6. Oliver Lock on the Warrior River.

7. Bonneville Lock on the Columbia River.
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Table F-I

Locks Screened for Obsc escence

% of Dimensions
Utilization in Feet Year

River/Lock (1) 1977 2003 Width Length Built

Allegheny

All locks (2) 20- 27- 56 360 1938-

Monongahela

L&D 2 36 52 110 720 1951
L&D 3 51 68 56 720 1907
L&D 4 39 53 56 720 1932
Maxwell (3) 25 34 84 720 1965
L&D 7 35 45 56 360 1926
L&D 8 27 34 56 360 1926

Kanawha

Winfield (3) 36 44 56 360 1937
Marmet (3) 24 36 54 360 1934
London (3) 7 11 56 360 1934

Green

L&D 1 29 69 84 600 1956
L&D 2 25 62 84 600 1956

Cumberland

Barkley 23 40 110 800 1964
Cheatham 10 10 110 800 1959
Old Hickory 2 4 84 400 1957
Cordell Hull 0 0 84 400 1973

Kentucky

Locks 1 thru 4 (2) 7- 4- 38 145 1844-
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Table F-I
(continued)

Lock; Screened for Obsolescence

% of Dimensions
Utilization in Feet Year

River/Lock( 1 ) 1977 2003 Width Length Built

Tennessee

Kentucky 40 67 110 600 1944
Pickwick (4) 110 600 1937
Wilson 110 600 1959
Wheeler 110 600 1944
Gunter sville 110 600 1962
Nickaj ack 10 11 I0 600 1967
Chickamanga 8 11 60 360 1940
Watts Bar 3 3 60 360 1942
Ft. Loudoun 1 2 60 360 1943

Clinch

Melton Hill (5) 0+ 0+ 75 400 1963

Mississippi

L&D 1 (2)(3) 13 30 56 400 1948(-)

Lower St. Anthony 14 35 56 400 1940
Upper St. Anthony 14 35 56 400 1963

Tomb igbee

Coffeeville 110 600 1961
Demopol is 110 600 1956

Warr ior

Warr or 110 600 1957
Wm. B. Oliver 51 96 95 460 1940
Holt 110 600 1966
Bankhead 110 600 1975
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Table F-i
(EonF u~

L~ocks Screened for Obsolescence

% of Dimensions
Utilization in Feet Year

River/Lock(l) 1977 200 Width Length Built

Alabama

All locks (5) 84 600 1969+

Pearl

Locks 1,2,&3 (2) 1- 1- 65 356 1951

Ap2alachicola

Jim Woodruff 3 3 82 505 1957

Chattahoochee

All locks 3- 4- 82 505 1963

Ouachita

Columbia 2 3 84 600 1972
L&D 6 (2)(7) 1- 1- 55 268 1923
L&D 8 (7) 1 1 55 268 1926

Black

Jonesville 3 4 84 600 l9e2

Old River

Old River 9 10 75 1200 1963

Atchafalaya

Berwick (8) 45 307 1951
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Table F-i
(continued)

Locks Screened for Obsolescence

% of Dimensions
Utilization in Feet Year

River/Lock(l) 1977 2003 Width Length Built

Gulf Intra-Coastal
Waterway, West

Harvey 62 83 75 425 1935
Algiers 66 88 75 797 1956
Bayou Sorrel (9) (9) 75 800 1952
Port Allen 40 58 84 1198 1961
Bayou Bouef (9) (9) 75 1158 1956
Vermilion (10) (9) (9) 56 1200 1934
Calcasieu (9) (9) 75 1204 1950

Inner Harbor Canal

Inner Harbor 79 91 75 640 1923

Columbia/Snake

Bonneville 48 76 76 556 1937
All other locks 15- 24- 86 675 1953+
(2) (5)

NOTES: (I) All lock data except utilization is for main
chamber unless otherwise noted. Utilization
is based on total capacity of all chambers at
a site.

(2) Notation of "-" denotes "or less."

(3) Two identical chambers.

(4) New 110' x 600' lock under construction by
TVA. Due to be completed in 1985.

(5) Notation of "+" denotes "or more."
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Table F-i
(continued)

Locks Screened for Obsolescence

(7) New locks will be constructed by 1990 as
part of "present system." Dimensions of new
locks are not known.

(8) EP 1105-2-11 lists Berwick on the
Atchafalaya. INSA P.E. map and NWS map show
Berwick on Bayou Teche.

(9) Open pass a high % of time.

(10) New 110' x 1,200' under construction as part
of "present system."

SOURCES: EP 1105-2-11 and integration printouts.
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FURTHER CONSIDERATIONS
CONCERNING OBSOLESCENCE

The criteria used for identifying obsolete locks is
fairly stringent. It is worth pointing out that some
other locks that currently exist may also be considered
obsolete if some of the criteria are relaxed. These are
discussed in turn.

The existing main chamber at Locks and Dam 26 is 110
ft. by 600 ft. However, immediately downstream, the main
chamber of Lock 27 is 110 ft. by 1,200 ft. While all but
one of the main chambers of all of the upstream locks are
the same size as the main chamber at Locks and Dam 26, the
fact remains that Locks and Dam 26 serves a heavy volume
of traffic from two major segments. Clearly, the existing
facility meets the utilization and age criteria for
obsolescence. If the chamber dimension criterion is
relaxed somewhat, then Locks and Dam 26 would also be con-
sidered obsolete.

The existing chamber of Vermilion Lock on the Gulf
Intracoastal Waterway West is narrower than any of the
other locks on that system. This narrow chamber width of
56 feet clearly restricts tows to a single barge con-
figuration prohibiting running two barges abreast. To the
extent that channel conditions on the Gulf Intracoastal
Waterway would permit running larger tows then this single
facility constrains tow dimensions and imposes additional
costs. If the chamber dimension criterion is relaxed
somewhat, then this facility too could be considered
obsolete.

There are eighteen locks and dams on the mainstem of
the Ohio River. All of these facilities have main cham-
bers with dimensions that are 110 ft. by 1,200 ft. except
Emsworth, Dashields, Montgomery, Gallipolis, and Lock and
Dam 53. If the chamber dimension criterion is relaxed,
then both Gallipolis and Lock and Dam 53 could be con-
sidered to be presently obsolete. Gallipolis in par-
ticular is a 600 ft. long facility which is bracketed by
larger facilities on either side. Lock and Dam 53 is at
the very bottom of the system where the largest tows are
used and imposes additional costs on users during periods
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of time when the lock is in use. Emsworth, Dashields, and
Montgomery on the other hand are all at the upper end of
the system with somewhat lower utilization and somewhat
smaller tow sizes. Relaxation of the chamber criteria in
their case would seem to be somewhat less justifiable.

CONCLUSIONS

Clearly, locks which are old, inefficient, and of
unusual chamber dimensions may pose problems for the
waterways system and yet still not constrain traffic. An
enhanced system would logically consider upgrading of
these locks based upon a more detailed analysis than that
contained here. Age, inefficiency, and unusual chamber
dimensions are real problems nevertheless and would log-
ically be part of any comprehensive criteria for detailed
project level lock evaluation. The evaluation used here
is simple yet identifies clearly obsolete locks in a prac-
tical manner.
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