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I. EXTENDING THE ST. LAWRENCE SEAWAY NAVIGATION SEASON: 
A COST-BENEFIT APPROACH 

A. INTRODUCTION 

The St. Lawrence Seaway is prevented by winter close

down from realizing its true potential as a full service,.  

low cost transportation route. To illustrate: significant 

amounts of grain and general cargo captive to the Seaway 

are shipped overseas via seaboard ports as a result of the 

close-down from mid-December to mid-April. The consequent 

loss of economic benefits and failure to achieve full po

tential have prompted discussion of extending the Seaway's 

navigation season. [8, p. 11 

Table 1 presents traffic pattern data by months. It 

is seen that no serious seasonal fluctuation in cargo move

ment from April to November occurred in the three years from 

1966 to 1969. Rather, tonnage tapers off in December and 

ceases from January through March. The key constraint to 

frequent, regular use of the Seaway is identified as the 

winter close-down.  

Season variability is an additional drag on the Seaway's 

ability to capture its hinterland's general cargo. Table 2 

indicates the variability of seasons for the St. Lawrence 

and Welland Canals from 1958 to 1970. Other sections of the 

waterway are generally closed as shown below:* [8, p. 2] 

*IJ. S. Steel in 1970, using the ice breaking capabilities 
of the Coast Guard and assistance from the Corps of Engineers, 
:ept a fleet of seven ships running as late as February 2 on 
Lakes Superior and Michigan.



Table 1 

ST. LAWRENCE SEAWAY TRAFFIC 
MONTREAL-LAKE ONTARIO SECTION 

1966-1969
(cargo tons) 

1967 1968

.4,250,738 

6,162,766 

5,454,801 

6,294,622 

6,431.,720 

6,158,449 

7,024,656 

6,422,872 

1,048,734

3,771,956 

6,601,057 

6,361.,028 

6,113,373 

4,352,799 

3,147,547 

6,121,344 

6,160,058 

1,399,476

4,592,936 

6,809,101 

4,586,612 

4,774,295 

6,775,023 

6,668,113 

6,525,258 

5,680,809 

1,541,703

3,547,351 

4,713,916 

3,627,519 

3,789,006 

5,024,264 

5,277,454 

6,709,143 

6,373,709 

1,951,678

Month 1966 1969

April 

May 

June 

July 

August 

September 

October 

November 

December

Source: The St. Lawrence Seaway Authority and St. Lawrence Seaway 
Development Corporation, Traffic Report of the St. Lawrence Seaway, Ottawa, 
Canada, Queen's Printer, 1968 and 1969, P. 300



Table 2 

NAVI GATION SEASON 
ST. LAWRENCE AND WELLAND CANALS 

1958-1970

St° Lawrence 

First 
Passage 

Apr. 14 

Apr. 25 

Apr. 18 

Apr, 11 

Apr, 23 

Apr. 15 

Apr. 8 

Apr. 8 

Apr. 1 

Apr, 7 

Apr. 8 

Apr, 7 

Apr. 4

Canal 

Last 
Passage 

Dec. 19 

Dec. 3 

Dec. 3 

Nov. 30 

Dec. 7 

Dec, 13 

Dec. 7 

Dec. 17 

Dec. 15 

Dec, 15 

Dec. 14 

Dec. 15 

Dec. 17

Welland Canal 

First Last 
Passage Passage 

Apr. 1 Dec. 18 

Apr. 6 Dec. 15 

Apr. 1 Dec. 15 

Apr. 1 Dec. 15 

Apr. 1 Dec. 15 

Apr. 7 Dec. 18 

Mar. 30 Dec. 15 

Apr. 1 Dec. 16 

Apr. 4 Dec. 15 

Apr. 1 Dec. 16 

Apr. 1 Dec. 22 

Apr, 1 Dec, 22 

Apr. 1 Dec, 30

Source: U.S. Army Corps of Engineers, Survey 
St. Lawrence Seaway Navigation Season Extension, 
December, 1969, pp. E-8.

Report on Great Lakes and 
Detroit District,

Year 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970
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Poe Lock December 15 - April 5 

Straits of Mackinac December 15 - April 12 
St. Clair River December 15 - March 19 

Detroit River December 15 - February 28 

Lake Michigan Ports December 15 - April 15 
Lake Huron Ports December 15 - April 5 

Lake Ontario Ports December 15 - April 10 

The winter close-down has two adverse economic impacts.  

First, since the high value of general cargo precludes stock

piling, shippers are forced to route general cargo overland 

to seaboard ports during the winter months. This winter dis

tribution channel is more expensive, but it is the only fea

sible alternative. Second, high volume shippers use seaboard 

ports all year round to avoid the disruption inherent in the 

annual close-down.  

The weakening of the Seaway's competitive position 

vis-a-vis seaboard ports is not the only effect of the winter 

close-down. Shippers' operating costs show marked increases.  

Ships must be redeployed or laid up for one third of the year.  

Investment in lake vessels and port facilities must be allo

cated over eight, rather than twelve, months. Substantial 

start-up and close-down costs are incurred. In addition, 

the region incurs social costs as employees in port related 

occupations must be idled, relocated or supported through 

the winter.  

At the present time there is not sufficient data available 

on which to base a study into the possibility of completely 

eliminating the winter close-down. We do have, however, data 

necessary to an examination of the extension of the Seaway 

navigation season. Our study uses cost-benefit analysis to 

examine the alternative extension periods.



This report presents first a summary of the chapters to 

follow. Second, the cost-benefit methodology is discussed.  

Following that the extension alternatives are specified. The 

technical problems encountered and the costs of meeting them 

are presented and examined. We then isolate and measure the 

benefits due to season extension. The assumptions and meth

odology are detailed and the resulting estimates presented.  

Finally, the streams of costs and benefits are compared and 

conclusions presented.  

B. SUMMARY OF CHAPTERS II THROUGH V 

Cost-Benefit Methodology (Chapter II) 

Cost-benefit analysis is a widely used technique which 

examines the costs and benefits of alternative projects in 

order to find the project which maximizes the present value 

of total benefits minus the present value of costs over time.  

Algebraically, the technique attempts to maximize the 

difference between 

b b2 b b 2 k n 
+ +...+ + ... and 

(1+i) (1+i) 2 (l+i) k (l+i) n 

c I  c2 ck Cn 

+ + ... ++..  

where i = the discount rate chosen by the analyst to reflect 

the relative desirability of consumption at differ

ent points in time.
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bk = prospective benefits in time period k 

c k = prospective costs in time period k 

bk 
= present value (discounted value) of the prospec

tive benefits in the kth time period 

In estimating the prospective benefits from the season 

extension of the Seaway, the cost savings approach has been 

adopted. Theoretically, the prospective benefits should be 

the sum of: 

1. Estimated transport cost savings on present traffic 

plus the increased income resulting from diverted 

and newly generated traffic, 

2. The estimated increased economic efficiency of em

ployed resources due to improved technology, and 

3. The estimated increased employment of formerly idle 

resources in the region affected by the Seaway 

extension.  

It is also assumed that cost savings are passed on through 

reduced charges to shippers. This results in increased regional 

income.  

Prospective costs for this study are the sum of capital, 

maintenance, and operation costs which we have obtained from 

the U. S. Corps of Engineers and the U. S. Coast Guard.  

The Cost Side (Chapter III) 

While inherent technological problems make a year round 

Seaway season unrealistic at this time, the use of ice break

ing control methods plus additional navigational construction
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modifications make two, four, and six week extension periods 

feasible.  

The Corps of Engineers and the Coast Guard have both 

estimated the costs of season extension. The Corps identi

fied two problems of winter navigation: keeping navigation 

lanes navigable for general and bulk cargo vessels, and keep

ing locks and terminal facilities functioning. The Corps 

found the use of ice breakers and barges to be the most ef

fective technique for handling the first problem in late fall 

and early winter. Simple ice control techniques such as 

flushing ice from the lock chambers and retarding ice forma

tion by increasing the water velocity can solve the second 

problem. For the St. Lambert's lock, which is especially 

plagued by ice due to its location, the Corps recommended 

cutting a new bypass channel at the entrance. The Corps 

estimated that for a firm December 15 closing date for the 

entire system capital costs would be $68 million (to the 

nearest million) and yearly operating costs $6 million; for 

a firm January 31 closing date the costs would be $213 mil

lion and $19 million respectively.  

The Coast Guard cost estimates are more comprehensive 

and detailed than the Corps of Engineers; and for that reason 

are the e cost estimates used in this study. Due to assump

tions made to facilitate the study, the estimates will tend 

to overestimate the cost.  

The Coast Guard broke down Seaway extension costs into 

three subcategories: ice breaking costs, construction costs,



8

and increased annual costs. Ice breaking costs were estimated 

by first estimating the amount of ice expected on specific 

dates in each main channel of the Seaway. From these estimates 

the magnitude of needed ice breaking assistance was determined.  

The annual cost of ice breaking was found as the product of 

the number of days in the extension, the number of sets of 

ice breakers required, and the sum of annual capital and oper

ating costs for each vessel. For a two week extension, capital 

costs were $246 million (to the nearest million), annual oper

ating costs $5 million; for a four week extension, $299 mil

lion and $7 million; and for a six week extension, $358 mil

lion and $10 million respectively.  

Construction costs for extending the season included: 

replacement of floating navigational aids with fixed lighted 

aids, modification of locks to handle floating ice, and 

developments for the placement of ice booms to protect hydro

electric plants on the St. Lawrence River above Montreal.  

For a two week extension, the costs were $14 million, for a 

four week extension $46 million, and for a six week extension 

$144 million.  

Increased annual operating costs for the United States 

were estimated to be $661,000 for a two week extension, 

$1,116,000 for a four week extension, $1,284,000 for a six 

week extension--the largest single expense being the opera

tion and maintenance of more fixed aids to navigation.



The total of costs (to the nearest million) was then 

$266 million for a two week, $353 million for a four week, 

and $513 million for a six week extension.  

The Benefit Side (Chapter IV) 

The economic benefits of the Seaway were broken into 

four components: cost savings for present traffic, the in

creased regional income due to newly generated traffic, the 

impact of diverted traffic, and savings on the stockpiling 

of bulk cargo not shipped during the winter close-down.  

In determining cost savings, because of data limitations, 

only a subset representing about two thirds of all commodities 

on the Seaway was analyzed: wheat, corn, soybeans, iron ore, 

and coal. General cargo could not be included because of the 

difficulties in obtaining an average charge for cargo move

ments.* Hence transportation cost savings and total benefits 

are underestimated. In estimating cost savings for 1968, 

total transportation costs were first estimated--the procedure 

used was to multiply the estimated 1968 tonnage of each commo

dity moving from specified origins to specified destinations 

by average charges for these movements as developed by EBS 

Management Consultants. In some cases, where no one rate was 

applicable, the authors judiciously assigned a rate they felt 

applicable to the movement. By then summing up all the commo

dities, 1968 total transportation costs were estimated.  

*EBS has estimated the cost savings for general cargo to 
be between $10.2 and $12.2 million per year for a four week 
extension period.
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Total transportation costs for 1968 were then estimated 

with the progressively reduced rate structures for two week, 

four week, and six week extension periods. The difference 

in total transportation costs gave the cost savings. The 

progressive reduction of rates was hypothesized since exten

sions reduce operating costs and produce economies of scale 

due to increased volume, and it is assumed that these savings 

are transferred to the shippers of commodities in the form of 

reduced rates. For 1968 we would have a savings of $11 million 

for a two week, $14 million for a four week, and $15 million 

for a six week extension. For cost savings in future years, 

estimates were made of future tonnage in each commodity subset.  

These future tonnages were multiplied by the rate structures 

and the differences in total transportation costs gave us the 

cost savings in future years.  

The Seaway extension would generate new traffic. Shippers 

who ship over alternative routes during the Seaway closing 

would continue to use the Seaway during the extension period.  

In this study we assume the increases in traffic occur every 

fifth year only and are equal to zero in between. These in

creases in traffic result in a direct increase in income of 

$5 per ton of bulk cargo, and $24 per ton of general cargo.  

This direct increase in income has a multiplied effect on the 

Seaway hinterland. A mean estimated multiplier of 2.2679 is 

used on the direct increase to obtain the total increase in 

income resulting from new traffic: from $10.3 to $13.9 mil

lion for a two week, $21.1 to $26.0 million for a four week,
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and $32.2 to $38.3 million for a six week extension period 

during the time period 1968-1978.  

The port impact of diverted traffic (traffic attracted 

to the Seaway for the first time by lower costs and better 

service), like the income from newly generated traffic is 

assumed to occur every fifth year. No impact was assumed 

for a two week extension; for the six week extension the im

pact was assumed to be 15 per cent greater than for the four 

week extension, which was calculated by EBS to go from $15.1 

million in 1968 to $19.1 million in 1973 to $23.1 million in 

1978.  

Stockpile savings on iron ore, coal, and limestone were 

estimated by the Corps of Engineers for two week and six week 

periods. These savings increase by increments every five 

years and then remain unchanged until the next threshhold.  

For a six week extension these savings are $6.4 million during 

the years 1968-1972, increasing to $7.0 million for the years 

1973-1977, and finally increasing to $7.6 million for the' 

years 1978-1980.  

The total undiscounted benefits (to the nearest million) 

were then $215 million for a two week, $404 million for a four 

week, and $498 million for a six week extension.  

Calculation of the Cost-Benefit Ratio (Chapter V) 

Theoretically in order to evaluate the merits of two week, 

four week, and six week extension periods, the series of costs 

occurring now and in the future is converted into a single 

present cost by the formula
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cl c2 cn 

c c -o + +.  

l+r (l+r)2  (l+r)n 

where 

c = present value of the cost stream 

Co= capital costs 

cI ... cn = stream of operating costs 

r = rate of interest

The same procedure is used to convert the series of 

benefits into a single present benefit. Finally, the dif

ferences between the present cost and the present benefit 

for the two, four, and six week extension periods are cal

culated and compared.  

In calculating the present cost, capital costs were 

taken to be the sum of ice breaking equipment and navigation 

related construction costs; operating costs, the sum of ice 

breaking activity and increased annual costs. Capital costs 

were spread over 10, 15, and 25 year periods to see whether 

the extension alternatives could become self-liquidating in 

the near future. In so doing, the present cost formula was 

altered to take into consideration the amortization of capi

tal costs. Operating costs for 1980 were calculated and 

were assumed to occur as a constant stream from 1968 on.  

The present worth factors 1 , 1 ... were 
(l+r) (l+r) 2 

found from interest rate tables. Three rates were used (five, 

seven, and eight per cent) in order to test the sensitivity 

of the results to present worth factors.
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In calculating the benefits only, a commodity subset was 

used; hence, benefits are underestimated. This underestima

tion is serious in three cases: calculating transportation 

cost savings on general cargo, minor grains, petroleum pro

ducts, animal and wood products; estimating stockpiling savings 

on other bulk cargoes stored during the winter; and measuring 

the increased regional income generated by minor grains, pe

troleum products, et al.  

Some of the results of our study are shown in Figure 1 

and Figure 2. From examining any one of the three graphs in 

Figure 1, we see that as we increase the length of the exten

sion period both the costs and benefits increase. By looking 

at the three graphs from left to right, we see that as the 

interest rate increases the present value of both costs and 

benefits decrease for every extension period. From Figure 2 

we see that the four week extension period is the most con

sistently profitable. The six week extension period is more 

profitable than the four week extension, however, under the 

conditions of a 25 year capital amortization scheme and a 

seven or eight per cent interest rate. The two week extension 

period's net present value shows it to be the least desirable 

of the three extension projects.  

Thus, in conclusion, it has been found that: limited 

extensions of the Seaway season are technologically feasible; 

the costs of such extensions are known; the benefits generated 

by such extensions can be estimated to approximate total real 

benefits of extending the season under different schemes; and 

the longer limited extensions are economically justified.



Fi gure 1

SUM OF DISCOUNTED COSTS AND BENEFITS OF EXTENDING THE 
ST. LAWRENCE SEAWAY NAVIGATION SEASON (1968-1980) 

(in millions of dollars)
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Figure 2

NET PRESENT VALUE OF EXTENDING 
THE ST. LAWRENCE SEAWAY NAVIGATION SEASON 

(in millions of dollars)
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II. COST-BENEFIT METHODOLOGY 

Cost-benefit analysis has become a well known tool of 

applied welfare economics. The technique was developed by 

the Corps of Engineers to select the most efficient water 

resource projects. In brief, the method selects those 

projects whose benefits are greater than their costs.  

Today the method is used to examine the financial costs 

and prospective benefits of large scale private and public 

investment projects.  

The technique sets out in a systematic framework the 

factors which must be considered in making choices between 

alternative projects. The method enumerates most of the 

relevant costs and benefits. The resulting data answer 

two questions: (1) Is the project economically justified? 

and (2) Given alternatives, is the project the most 

efficient choice? Since the choice among alternatives 

involves some type of maximization, it is assumed that 

the aim of the undertaking agency is to maximize the pre

sent value of total benefits accruing to the region less 

costs over time.  

Algebraically, the decision criteria are presented 

as follows. The agency selects all projects where the 

present value of the benefits exceeds the present value 

of the costs:
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b I  b2  bn c 1  C2  c n 

+ +...+ + +...+ (1) 
(l+i) (l+i) 2  (l+i) n (l+i) (l+i)2  (l+i)n 

where

1 n 
c Il... cn 

i 

Alternatively, 

of the present 

exceeds unity: 

bI  b 2 

+ 
(l+i) (l+i)2

= the stream of prospective benefits 

= the stream of prospective costs 

= rate of discount 

the agency selects all projects where the ratio 

value of benefits to present value of costs

b n 

(l+i)n

(2)

c I  c 2  cn 
+ + 

(l+i) (l+i) 2  (l+i)n 

Third, the agency chooses that project with the largest discounted 

net benefit, v°. This rule is based on the difference between 

the discounted present value of future benefits and costs: 

v= bo - c°  (3) 

The project selected makes the maximum contribution to benefits 

under a given set of circumstances. [5, p. 116] The criteria 

are equivalent. The nature of the problem dictates the func

tional form chosen.  

The discount rate calculations make benefits occurring 

at different points in time commensurate by assigning to them
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present values. The present value is calculated by discount

ing at a social time preference rate, i.e., a rate reflecting 

the government's evaluation of the relative desirability of 

consumption at different points in time. Eckstein suggests a 

rate of 7 to 7 1/2 per cent as the proper cost of government 

funds. [4, p. 10] 

Operational criteria are needed to estimate the economic 

impact of regional transportation projects. The cost savings 

approach is the framework adopted for estimating the benefits 

from season extension. The expected increase in regional in

come attributable to the investment is the primary measure of 

benefits. The approach simply breaks down the increased re

gional income into components which can be observed and 

measured. Any important noneconomic benefits are described 

as specifically as possible. [4, p. 50] 

Assuming that the investment results in no major changes 

in land use and production patterns, the total benefit from 

the investment is the sum of: 

1. Transport cost savings on present traffic plus increased 

income resulting from diverted and newly generated traffic; 

2. Increased economic efficiency of employed'resources due 

to improved technology; and 

3. Increased employment of formerly idle resources in the 

region. [4, p. 52] 

Further, it is assumed that cost savings are passed on, 

through reduced charges, to shippers. This results in
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increased regional income. If carriers appropriate the 

profits, the beneficial effect on the regional economy 

will be negated.  

The cost side is more difficult for the economist 

to estimate. Performing engineering cost studies is beyond 

his competence. Instead, the economist is concerned with 

investment planning. The purpose of investment planning is 

the efficient allocation of resources in order to maximize 

regional, social, and economic objectives. [5, p. 82] 

Generally, the capital, maintenance, and operation 

costs are developed by engineering studies. The economist 

accepts the engineering cost data as accurate and attempts 

to determine a feasible solution, applying the principles 

of economic costing to determine the least-cost solution.  

This section provides a brief description of the 

general methodology. The scope of the study and techniques 

suggested are the ideal. Time, data, and cost limitations 

preclude perfect realization of analytical goals. It is 

believed that the techniques applied and the analysis that 

follows, by selective emphasis, give a reasonable descrip

tion of the costs and benefits incurred in season extension.
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III. COST SIDE 

The length of the Seaway navigation season is governed 

by natural climate changes in the Great Lakes region. There 

are three possibilities to explore in considering an exten

sion. First, the status quo can remain unchanged. The 

season will continue to be governed by natural climate changes 

and shippers will seek alternative distribution routes during 

the winter months. Second, one can seek year round operation; 

however, the technological problems make year round sailing 

unrealistic at this time. Third, one can seek partial sea

son extension. The use of ice breaking control methods 

plus additional navigational modifications make two, four, 

and six week extension periods feasible. This paper focuses 

on the costs and benefits underlying partial extension.  

Both the Corps of Engineers and the Coast Guard have 

estimated the costs of season extension. The Corps identi

fied two problems of winter navigation: (1) specific prob

lems encountered by general and bulk cargo vessels in attempt

ing to move through navigation lanes; and (2) critical fea

tures of locks and terminal facilities that might hinder 

winter operation. [113, p. 31] 

The Corps found that the use of ice breakers and barges 

is the most effective method in clearing ice clogged naviga

tion lanes in late fall and early winter. In addition,
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technological methods of preventing ice packs from forming 

must be employed for later extensions. Ice control tech

niques could include: 

1. Using compressed air bubble systems or submerged pumps 

to circulate warm bottom water to the surface.  

2. Spreading a layer of protein base on the ice to prevent 

heat loss.  

3. Using submerged oil burning heaters.  

4. Sinking atomic wastes.  

5. Constructing dams to prevent rapids, plus other methods 

to prevent heat loss in shallow water areas. [18, p. 41] 

The most desirable method of overcoming the effect of 

ice on navigation in the later extensions is to prevent its 

formation or reduce its thickness, strength and extent so 

that it is not a significant obstacle to the movement of 

vessels.  

It appears that not all of these ice control techniques 

are desirable. Sinking of atomic wastes might have adverse 

effects on the lakes' ecology and impose huge social costs.  

A number of compressed air systems have proven successful 

in preventing ice from forming in relatively small areas.  

The results of small area experiments are inapplicable to 

the Seaway system. Finally, disturbing the ice formations 

in the St. Lawrence River above Montreal has adverse effects 

on the area's hydro electric plants. These plants are de

signed for winter operation assuming an ice cover.
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In regard to lock operations, the Corps concluded: 

"Although present locks involved in the Great Lakes-St.  

Lawrence System were not designed specifically for extended 

winter operation. . .such operation is practical using ex

pedient means of operation and some minor modifications." 

[113, p. 451] Effective ice control techniques include: 

1. Flushing ice from lock chambers.  

2. Introducing warmer upstream water into the locks.  

3. Retarding ice formation by increasing the water velocity.  

4. Using ice booms to clear ice.  

5. Preventing ice formation on lock gates with coatings of 

anti-ice chemicals and application of infrared lights.  

[18, p. 31] 

In addition, since the St. Lambert and Cote St. Catherine 

locks represent the season's first ice problem, the Corps 

recommended cutting a new bypass channel at the entrance to 

the St. Lambert's lock.  

Table 3 presents the Corps estimates of federal and 

nonfederal navigation season extension costs. They are based 

on two assumptions: (1) Successful winter navigation depends 

on providing maximum ice operating capabilities for merchant 

ships, supported by strategically placed ice breakers; and 

(2) The principal problem in the connecting channels will be 

disposal of ice formed or entering from the lakes.  

[113, p. 731] The costs are based on engineering studies and 

do not separate public from private costs.
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Lakes S-M-H-E-O 

Icebreaki ng 

Non- I ceb reak i ng 

50 yr. Amortizati 

Total

Table 3 

SUMMARY OF FEDERAL AND NON-FEDERAL COSTS 
OF NAVIGATION SEASON EXTENSION 

(thousands of dollars) 

Firm December 15 Closing Firm JanL 

Capital Operating Capital 

48,000 4,140.5 130,00( 

4,195 477.7 24,42! 

on --- 22593 

52,195 4,843.5 154,42!

uary 

5

31 Closing 

Operating 

10,190.0 

4,018.7 

1,312.0 

15,520.7

Entire System 
S-M-H- E-O-SW 

Icebreaki ng 

Non- Iceb reak i ng 

50-yr. Amortization 

Total

Source: U.S. Army Corps of 
St. Lawrence Seaway Navigation 
p. 66.

Engineers, Survey Report on Great Lakes and 
Season Extension: Detroit District, 1969,

57,000 

10,920 

67,920

4,673bO 

563.7 

586.4 

5,82391

130,000 

82,525 

212,525

10,190 

5,087 

4,104 

19,381
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The Coast Guard study indicated that the majority of 

the larger merchant vessels now using the system are capable 

of navigating in ice without assistance for periods up to 

two weeks. Further operation calls for ice breaking assis

tance. The study then developed a method of ice classifi

cation using the ability of a representative vessel to 

navigate unassisted through various thicknesses of ice.  

Ice thickness in each lake was determined by analyzing 

historical data on the dates of freezing. Then the amount 

of ice expected on specific dates for each main channel was 

predicted. Based on these estimates, the magnitude of ice 

breaking assistance which would be needed was gauged. The 

number of ice breakers required was based on the presumed 

speed of the vessel through ice and the distance travelled 

in each main channel.  

In the lakes, three types of ships were selected: the 

WAGB (12,500 SHP), the WAGB (7,500 SHP) and WAGL (3,000 SUP).  

The first two are ice breakers, and the third is a combina

tion of buoy tender and ice breaker. Based on the number 

of vessels required for each lake, typical vessel capital 

and operation costs were computed. These costs are pre

sented in Table 4. The annual cost of ice breaking was 

found as the product of the number of days in the extension, 

the number of sets of ice breakers required, and the sum of 

annual capital and operating costs. A detailed statement 

of ice breaking costs is presented in Table 5.
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Table 4 

SUMMARY OF ICE BREAKING AND 
ICE CLEARING VESSEL COSTS

WAGL (3,000 SHP) 

WAGB (7,500 SHP) 

WAGB (12,500 SHP)

Purchase 

$ 5,000,000 

18,000,000 

30,000,000

Opera ti on* 

$ 33,000/month 

1,065,0O/year 

710,000/year per 
ship per lake

*includes 30-year amortization cost 

Source: U.S. Coast Guard, Report of the Technical Subgroup, Submitted 
to Department of Transportation St. Lawrence Seaway Task Force; 1968, 
p. 2130
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Table 5 

SUMMARY OF ICE BREAKING COSTS 
FOR SEASON EXTENSION OF PRESENT SYSTEM 

(millions of dollars)

Lake Superior 

Lake Michigan 

Lake Huron 

Lake Erie 

Lake Ontario

St. Lawrence River 

Welland Canal 

St. Clair River 

St. Mary's River

To ta 1

2 Week 

A* 1 °924 
C** 759000

A 
C 

A 
C 

A 
C 

A 
C 

A 
C

.809 
37,000 

.736 
22. 000 

.739 
22,0oo 

.753 
27o0o 

.113 
35.000 

o,023 

79000 

. 045 
14.o00 

.023 

7.OOO

A 5,165 
C 246.000

* A = Annual operating cost 
%'0*d C = Capital cost 

Source: U.S. Coast Guard, Report of the Technical Subgroup, submitted 
to Department of Transportation St. Lawrence Seaway Task Force, 1968, p. 2179

4 Week 

2.062 
75.000 

1 .986 

60.000 

o853 

37OO0 

.859 
37. 000 

o799 

27o000 

.227 
35,000 

9045 
7.000 

.091 
14,000 

.045 

7.000

6 Week 

4,331 
1.11000 

2,079 
60.00oo 

o974 

60,000 

9940 
37.000 

.849 
27,000 

o340 

35.000 

o068 

7,000 

.136 
14o9000 

o 068 
79000

9o785 
358,000

6,967 
2999000
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The construction costs for extending the season 

include: (1) replacement of floating aids to navigation 

with fixed lighted aids, (2) modification of the locks to 

handle floating ice, and (3) provision of a guaranteed 

means of placing ice booms to protect the hydro electric 

plants above Montreal in order to insure sufficient 

water flow to these facilities. [14, p. 176] The estimated 

construction costs, presented in Table 6, reflect the fact 

that extension beyond four weeks requires major engineer

ing construction projects. For example, the quantities 

of broken ice that would move downstream in late winter 

would necessitate construction of bypass canals to carry 

the water and marine traffic around the ice. [14, p. 177] 

Finally, the Coast Guard determined increased annual 

operating costs. The major increase in operating costs 

arose due to the necessity of replacing floating naviga

tional aids with fixed lighted aids. Estimates of the num

ber of fixed navigational aids required were found to vary 

directly with the length of extension. Approximately one 

quarter of the number of fixed structures required for a 

six week extension would be needed for a two week extension.  

Also included in these increased operating costs were costs 

arising from longer operation of navigational aids, main

tenance requirements of fixed navigational aids, longer 

tending of ice booms and increased buoy tender operations.  

The estimates are given in Table 7.
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Table 6 

SUMMARY OF ESTIMATED CONSTRUCTION COSTS 
TO EXTEND SEASON OF PRESENT SYSTEM 

(thousands of dollars) 

Consolidated Summary 2 Week 4 Week 6 Week 

Aids to Navigati6n $12,330 $20,440 $24,495 
(including dredging) 

Ice Control Works 24,000 118,100 
(lock improvements, 
ice booms, diversion 
booms, bypass canals, etc.) 

Subtotals 12,330 44,440 142,595 

Ports and Harbors Aids 1,460 1,460 1,460 
to Navigation 

Totals $13,790 $45,900 $144,055 

Source: U.S. Coast Guard, Report_°f_the Technical Subgroup, Submitted 
to Department of Transportation St. Lawrence Seaway Task Force, 1968, 
p. 182.
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A consolidated cost sheet of the Coast Guard estimates 

is presented in Table 8. It is found that it is relatively 

inexpensive to extend the season up to two weeks. The 

increase in costs in extending the season from two to four 

weeks is relatively small when compared to longer extensions.  

These are the cost estimates used in this study. They are 

more comprehensive and detailed than the Corps estimates.  

The limitations in the data must be pointed out. The 

Coast Guard notes, "Because of the restrictive time schedule, 

many sensitive assumptions were made to facilitate the study 

to meet the deadline imposed." [14, p. 1] In developing 

costs for each phase, the Subgroup exploited many sources 

of information but, the major problem encountered 

involved verifying the accuracy of the data." [14, p. 31 

The estimates were considered to be within the level of 

accuracy required but subject to an upward bias.
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Tab le 8 

CONSOLIDATED COST SHEET FOR EXTENDING 
NAVIGATION SEASON FOR THE UNITED STATES 

Extens i on

Ice breaking costs .A 
C 

Construction costs 

Increased annual costs 

Total

2 week 

$ 5,165,000 
246,00000 

13,790,000 

661,000 

265,616,000

4 week 

$ 6,967,000 
299,000,000 

45,900,000 

I,116,000 

352,983,000

6 week 

$ 9,785,000 
358,000,000 

144,000,o00 

1,284,000 

513,069,000

Source: Tables 5, 6, 79
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IV. THE BENEFIT SIDE 

The calculation of the benefits resulting from an 

extended season is based on the cost savings approach.  

Four components are estimated: 

1. Cost savings for present traffic; 

2. Increased regional income due to newly generated 

traffic; 

3. The impact of diverted traffic; 

4. Stockpiling savings on certain bulk cargo not shipped 

during the winter close down.  

The methodology used in measuring each component is 

as follows: First, the total transport cost of moving 

present traffic was determined. Theoretically, the pro-.  

cedure classifies traffic by commodity. Next, the actual 

rate for each movement was specified. Multiplying volume 

by the rate gave the transport cost. Summing up all cargo 

classifications gave the total cost. A number of simpli

fications were used to make calculations tractable.  

The data for traffic movement by type of cargo are 

available. The breakdown of shipments by type of cargo 

is presented in Table 9. In this analysis only a subset 

of all commodities has been analyzed; viz., wheat, corn, 

soybeans, iron ore and coal. Data limitations dictated 

this selection.
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Table 9 

TRAFFIC BY CLASSIFICATION AND TYPE OF CARGO 
MONTREAL-LAKE ONTARIO SECTION, 1968 

(cargo tons)

Total Cargo Tonnage

1. Agricultural Commodities 
Wheat 
Corn 
Soybeans and Soybean Meal 
Barley and Rye 
Oats 
Flaxseed 
Other Agricultural Products 

Total 

II. Animal Products 
Packing House Products 
Hides 
Other 

Total 

III. Mine Products 
Coal and Coke 
Iron Ore 
Other Ores and Stone 

Total

IV. Forest Products 
Pulpwood 
Other 

Tota 1

V. Petroleum Products 
Gaso I i ne 
Fuel Oil 
Lubricating Oil and Greases 
Other 

Total 

VI. Manufacturing and Miscellaneous 
Chemicals 
Pig Iron 
Iron and Steel 
Machinery 
Newsprint 
Food Products 
Scrap Iron and Steel 
Other 

Total

Grand Total

6,570,701 
3,171,767 
1,503,961 
697,798.  
257,325 
345,320 
989,157 

13,536,029 

68,478 
82,928 
212,615 
364,O21 

1,474,908 
17,932,875 
1 ,701 ,828 

21,109,611 

291.,102 
1319225 

-422,327 

365,824 
2,129,742 

131,975 
65,578 

2,693,119 

239,487 
259,316 

5,487,061 
136,026 
240,683 
364,016 
436,348 

2,161,694 
9,324,631 

47,449,738

Source: The St. Lawrence Seaway Authority and St. Lawrence Seaway 

Development Corporation, Traffic R of the St. Lawrence Seaway' 

Ottawa, Canada, Queen's Printer, 1968, p. 22.

Commod ity -
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For each specified commodity origin and destination 

movement were isolated. This information is given in the 

St. Lawrence Seaway Traffic Report. Based on this infor

mation the percentage of the commodity moving to each 

destination was computed. [12, vii-21] Total transport 

costs were calculated by multiplying actual tonnage moving 

to selected destinations by average charges, developed by 

EBS, on moving commodities on the Seaway system to these 

destinations.  

EBS estimated these average rates. Their estimates 

are presented in Table 10. Unfortunately these rates did 

not correspond exactly with the origin and destination 

movements. To illustrate: Canadian domestic wheat repre

sents 69.6% of all wheat moving on the Seaway system.  

There is no one rate applicable to this movement. There

fore, we assigned the rate EBS developed for wheat move

ment from Duluth to Buffalo as the average rate applicable 

for this trade. The actual assignments of rates were 

based on the authors' reasoned opinion. The assignment 

scheme is seen in Table 11, as well as the estimated 

transport costs for each commodity subset via the Seaway 

in 1968.  

Once the present costs were known, the effect of two, 

four, and six week extensions on these costs was determined.  

It is assumed a longer season would result in lower rates.  

This assumption is based on two facts. An extended season
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Table 10 

CHARGES ON MOVING SELECTED COMMODITY GROUPS ON 
THE SEAWAY SYSTEM 

(cost per ton) 

Ori gin/Dest ination 
Commodity Movement Present Rate Structure* 

Wheat Lakehead to $ 4.10 (la) 

Lower St. Lawrence 

Duluth to Buffalo 3.20 (ib) 

Corn Chicago to 5.31 (2a) 
Lower St. Lawrence 

Toledo to 2.98 (2b) 
Lower St. Lawrence 

Soybeans Chicago to 8.73 (3a) 
Lower St. Lawrence 

Toledo to 4.77 (3b) 

Lower St. Lawrence 

Iron Ore Mesabi to Lake Erie 1.90 (4a) 

Quebec-Labrador to 1.49 (4b) 
Lake Erie 

Coal Sandusky to Detroit .60 (5a) 

Toledo to Duluth 3.00 (5b) 

"'Cost item is vessel movement 

Source: EBS Management Consultants, An Economic Analysis of Improvement 
Alternatives to the St. Lawrence Seaway System. Final Report submitted to 
U. S. Department of Transportation, January 1969, pp. vii-21.
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reduces shippers' operating costs, which are passed on in 

the form of lower rates to Midwest customers. Further, there 

are economies of scale due to increased volume, which result 

in additional cost reductions. The forecast rate structure 

is presented in Table 12.  

The procedure for calculation of total costs, assuming 

an extended season, is identical to the one used above.  

Table 11 shows the resulting estimates for the three exten

sion periods. This table also shows the benefits that accrue 

to present traffic as a result of extension.  

There are a number of methods of projecting future 

benefits. The above benefits could have been projected to 

occur each year in the future. We could have assumed that 

the above benefits would increase by a certain annual 

percentage. In order to provide more satisfactory estimates, 

however, we developed estimates of future tonnage and cal

culated total transport costs for each commodity subgroup 

based on the above two rate structures.  

The method used in calculating total future costs on moving 

these commodities on the Seaway system is identical with the 

above procedures. First, estimates on the cost of moving future 

traffic on the present system were made. These are based on 

projected future commodity tonnage. This was developed by 

applying the projected rates of annual growth for each group to 

the base year tonnage. These growth rates were developed by the 

Stanford Research Institute and are presented in Table 13. By
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Table 12 

FORECAST CHARGES ON MOVING SELECTED COMMODITY GROUPS
ON THE SEAWAY SYSTEM WITH AN EXTENDED SEASON, 

(cost per ton)
PRESENT SYSTEM

Commod i ty 

Wheat

Corn

Soybeans

Iron Ore

Coa I

Origi n/Desti nation 
Movement 

Lakehead to 

Lower St. Lawrence 

Duluth to Buffalo 

Chicago to 
Lower St. L.  

Toledo to 
Lower St. L.  

Chicago to 
Lower St. LO 

Toledo to 
Lower St. L.

Mesabi to 
Lake Erie

Quebec-Labrador 
to Lake Erie 

Sandusky to 
Detroit 

Toledo to 
Duluth

1980
Rate 

Struc.  

(1 a)

(1 b) 

(2 a) 

(2 b) 

(3 a) 

(3 b) 

(4a) 

(4b) 

(5a) 

(5b)

2 week 

$ 4.56

2.70 

5.26 

2.95 

8.64 

4.72 

2.19 

.95 

.44 

2.09

4 week 

$ 4.49

2.58 

5.17 

2.91 

8.50 

4.65 

2.09 

.85 

.42 

2.03

6 week 

$4. 44

2.53 

5.11 

2.86 

8.39 

4.56 

2.05

.81 

.41

1.96

Source: EBS Management Consultants,_An Economic Analysis of Improvement 
Alternatives to the St. Lawrence Seaway Sstem. Final Report submitted to 
U. S. Department of Transportation, January 1969, pp. vii 16-28,
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Table 13 

PROJECTED ANNUAL RATE OF GROWTH 
IN TOTAL CARGO TONNAGE BY COMMODITY GROUP 

Commodity 1970-75 1975-80 

iron Ore + 4. I* + 1.7% 
+2,.4 +2.1 

Coal and Coke -5.9 + 5.2 
-5.9 + 1.8 

Petroleum and Petroleum + 2.7 + 2.3 
Products + 2.1 + 2.0 

Wheat, Coarse Grains and + 2.4 + 2,3 
Soybeans + 1.8 +1.8 

Minor Bulk +3.9 + 3.3 
+ 2.4 + 1.6 

General Cargo + 4.1 + 2.6 
+3.6 +2.7

1980-2000 

+ 08%* 
+ 0.4 

+ 2,2 

+ 2.5 

+ 1.0 

+ 0.2 

+ 1,8 
+0.9 

+ 2.7 

+ 1.9 

+ 2,0 
+ 10.4

*For each commodity top and bottom figures are high and low estimates 
respectively.  

Source: Stanford Research Institute, Economic Analysis of St. Lawrence 
SeawaCargo Movements and Forecasts of Future Cr Tong Prepared for 
the Under-Secretary for Transportation, U. S. Department of Commerce, 
November 1965, Table 3.
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assuming that the relative movement to each destination 

remains unchanged in the future, we calculated volume moving 

to each destination for the period 1969 to 1980. Then we 

multiplied the estimates by the two assigned rate struc

tures. Once total costs were found, the benefits resulting 

from an extended season were easily derived.  

Once the benefits accruing to present and future traf

fic were quantified, the second step was to estimate the 

benefits due to increased traffic. The assumption that 

traffic would increase as a result of an extension is 

based on two facts. Shippers who currently use the system, 

but route goods to other ports during the winter months, 

would ship these goods via the Seaway during the season 

extension. In addition, an extended season would induce 

high volume shippers to use the low cost transportation 

route. This traffic we call diverted traffic.  

The increased income resulting from the traffic being 

shipped during the season extension is estimated with the 

aid of techniques developed in a previous study. It is 

assumed that the average direct incomes generated by ser

vicing a ton of bulk and general cargo are $5 and $24 

respectively. These estimates were multiplied by the pro

jected increases in bulk and general cargo traffic as de

veloped by EBS in order to obtain the direct income result

ing from increased traffic. (See Table 14.) It is known 

that this direct income has a multiplied effect on the 

hinterland. Thus, the mean regional income multiplier is
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Table 14 

INCREASE IN SEAWAY TRAFFIC WITH SEASON EXTENSION, 1980 
PRESENT SYSTEM 
(1000 tons)

Commod i ty

Wheat

Barley and Rye 

Corn 

Soybeans 

Total Grain 

U. S. General Cargo 

Exports 

Imports 

Total General Cargo

2 week

165

50

360 

650

88

34

122

4 week 

285

75

250 

515

1,125

6 week 

410

75

455

675 

1,615

176 

68 

244

264 

103 

367

Source: EBS Management Consultants,An Economic Analysis of Improvement 
Alternatives to the St. Lawrence Seaway stem Final Report submitted to 
U. S. Department of Transportation, January 1969, p. vii-36 and p. vii-31.
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applied to this direct income to produce the total dollar 

impact of newly generated Seaway traffic on the hinter

land's economy. The mean multiplier is derived from a 

former study. [19, p. 641] Tables 15-17 present the 

total increase in income due to increased Seaway traffic 

under each extension period.  

The port impact of diverted traffic is given by EBS 

for a four week extension only. [2, viii-4] Since only 

a commodity subgroup was analyzed (wheat, coarse grain, 

iron ore, and general cargo), the impact is underestimated.  

The EBS derivation of this result is not discussed nor is 

the source of their data given. In our calculations we 

assume that there is no impact under a two week extension 

and that the impact under a six week extension is 15 per 

cent higher than under four weeks. These estimates are 

given in the consolidated benefit statements.  

Stockpiling savings on iron ore, coal, and limestone 

were estimated by the Corps of Engineers. (See Table 18.) 

We assume a firm December 15 closing date to be equivalent 

to a two week extension and a firm January 31 closing date 

equivalent to a six week extension. The estimates for a 

four week extension are a weighted average of the two and 

six week periods, the weights being .35 and .65 respectively.  

Further, it is assumed that there is a threshhold effect.  

Every five years stockpiling benefits increase and this 

continues unchanged until the beginning of the next five 

year period. These estimates are presented in the consoli

dated benefit statement.
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Table 15 

TOTAL INCREASE IN INCOME DUE TO INCREASED SEAWAY TRAFFIC 
DURING THE TWO WEEK SEASON EXTENSION, PRESENT SYSTEM

Estimated Increase 
In Cargo Tonnage 

(i)Commod i ty

Direct Increase 
In Income 

(2)

Total Increase 
In Income 

(3)

Wheat

Barley and Rye

Corn

Soybeans 

General Cargo 

Tota 1

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978

tons100,000 
130,000 
165,000 

50,000 
65,000 
75,000 

30,000 
40,000 
50,o00

250,000 
300,000 
360,000 

100,000 
110 ,000 
120,000 

530,000 tons 
645,000 
770,000

$ 50,000 
650,000 
825,000

250,000 
325,000 
375,000 

150,000 
200,000 
250,OOO

1 ,250,000 
1,500,000 
1,800,00o 

2,400,000 
2,640,000 
2,880,000 

$ 4,550,000 
5,315,000 
6,130,000

$ 1 
1 
1

,133,950.  
,474,135 
,871 ,017 

566,975 
737,067 
850,462 

340,185 
453,580 
566,975

2,834,875 
3,401 ,850 
4,082,220 

5,442,960 
5,987,256 
6,531,552 

$ 10,318,945 
12,053,888 
13,902,226

(1) Based on EBS estimates. We do not assume total increase in 1980 occurs 
immediately, so earlier years are appropriately reduced. We assume the total 
increase in income occurs as a once-and-for-all impact every five years and is 
equal to zero in between. We assume rate structure remains unchanged. Hence, 
we are underestimating the total increase in income.  

(2) We assume bulk cargo produces $5/ton direct income, while general cargo 
produces $24/ton. Further, we assume no reduction in direct income for con
tainerized cargo. Hence, estimates might show an upward bias.  

(3) Total increase in income is calculated by multiplying Direct Increase in 
Income by the multiplier, 2.2679, which is the mean of multipliers calculated 
for the Great Lakes States.

Source: Derived from Table 14.
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Table 16 

TOTAL INCREASE IN INCOME DUE TO INCREASED SEAWAY TRAFFIC 
DURING THE FOUR WEEK EXTENSION, PRESENT SYSTEM

Commod i ty

Wheat

Barley and Rye

Corn

Soybeans

General Cargo

Total

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978

Estimated Increase 
in Cargo Tonnage 

(1) 

200,000 tons 
240,000 
285,000

50,000 
65,000 
75,000

200,000 
225,000 
250,000 

450,000 
480,000 
515,000 

200,000 
220,000 
244,000 

1,100,000 tons 
1,230,000 
1,369,000

Direct Increase 
in Income 

(2)

$ 1,000,000 
1,200,000 
1,425,000

250,000 
325,000 
375,000

1 ,000,000 
1,125,000 
1,250,000 

2,250,000 
2,400,000 
2,575,000 

4,800,000 
5,280,000 
5,856,000 

$ 9,300,000 
10,330,000 
11,481,000

Total Increase 
in Income 

(3) 

$ 2,267,900 
2,721,480 
3,231,757

566,975 
737,067 
850,462

2,267,900 
2,551,387 
2,834,875 

5,102,775 
5,442,960 
5,839,842 

10,885,920 
11,974,512 
13,280,822 

$ 21,091,470 
23,427,406 
26,037,758

(1) Based on EBS estimates. We do not assume total increase in 1980 occurs 
immediately, so earlier years are appropriately reduced. We assume the total 
increase in income occurs as a once-and-for-all impact every five years and is 
equal to zero in between. We assume rate structure remains unchanged. Hence, 
we are underestimating the total increase in income.  

(2) We assume bulk cargo produces $5/ton direct income, while general cargo 
produces $24/ton. Further, we assume no reduction in direct income for con
tainerized cargo. Hence, estimates might show an upward bias.  

(3) Total increase in income is calculated by multiplying Direct Increase in 
Income by the multiplier, 2.2679, which is the mean of multipliers calculated 
for the Great Lakes States.

Source: Derived from Table 15.
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Table 17 

TOTAL INCREASE IN INCOME DUE TO INCREASED SEAWAY TRAFFIC 
DURING THE SIX WEEK EXTENSION, PRESENT SYSTEM

Commod i ty

Wheat

Barley and Rye

Co rn

Soybeans

General Cargo

Tota I

Estimated Increase 
in Cargo Tonnage 

(1)

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978 

1968 
1973 
1978

350,000 tons 
380,000 
410,000

50,000 
65,000 
75,000 

400,oo000 
425,000 
455,000 

600,000 
640,000 
675,000 

300,000 
330,000 
367,000

1,700,000 tons 
11,840,000 
1,982,000

Direct Increase 
in Income 

(2) 

$ 1,750,000 
1,900,000 
2,050,000

250,000 
325,000 
375,000

2,000,000 
2,125,000 
2,275,000 

3,0oo0,000 
3,200,ooo 
3,375,000 

7,200,000 
7,920,000 
8,800,000

$ 14,200,000 
15,470,000 
16,875,000

Total Increase 
in Income 

(3) 

$ 3,968,825 
4,309,010 
4,649,195

566,975 
737,067 
850,462

4,535,800 
4,819,287 
5,159,472 

6,803,700 
7,257,280 
7,654,162 

16,328,880 
17,961,768 
19,957,520 

$ 32,204,180 
35,o84,412 
38,270,811

(1) Based on EBS estimates. We do not assume total increase in 1980 occurs 
immediately, so earlier years are appropriately reduced. We assume the total 
increase in income occurs as a once-and-for-all impact every five years and is
equal to zero in between. We assume rate structure remains unchanged.  
we are underestimating the total increase in income.

Hence,

(2) We assume bulk cargo produces $5/ton direct income, while general cargo 
produces $24/ton. Further, we assume no reduction in direct income for con
tainerized cargo. Hence, estimates might show an upward bias.  

(3) Total increase in income is calculated by multiplying Direct Increase in 
Income by the multiplier, 2.2679, which is the mean of multipliers calculated 
for the Great Lakes States.

Source: Derived from Table 16.



Table 18

SUMMARY OF STOCKPILING SAVINGS ON IRON ORE, COAL AND LIMESTONE 

FROM EXTENSION OF ST. LAWRENCE SEAWAY NAVIGATION SEASON 
(Thousands of dollars) 

1968 1980 2000 

I. Lakes S-M-H-E-O, Welland Canal 
and St. Lawrence Seaway 

15 December $ 828 $ 1,000 $ 1,335 
31 January 6,362 7,660 10,351 
Year round 16,969 20,1427 27,636 

II. Lakes S-M-H-E-O and Welland 
Canal 

15 December 699 846 1,123 
31 January 5,236 6,308 8,492 
Year round 13,921 16,770 22,608 

11. Lakes S-M-H-E 

15 December 648 784 1,048 
31 January 4,928 5,945 8,034 
Year round 13,129 15,831 21,423 

Source: U. S. Army Corps of Engineers, Survey Report on Great Lakes and 
St. Lawrence Seaway Navigation Season Extension: Detroit District, December 
1969, p. E-20.
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Table 19 presents the consolidated statement of the 

benefits. These are the benefits that are discounted and 

compared to the appropriately discounted stream of costs.  

While the estimation procedure is based on a number of 

sensitive assumptions, we feel they are well within 

reasonable ranges of accuracy.
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Table 19 

CONSOLIDATED STATEMENT OF BENEFITS 
FROM NAVIGATION SEASON EXTENSIONS

week extension 4 week extension week extension
1968 Transport cost savings $ 10,678,037 $ 13,680,833 $ 15,132,299 

Stockpiling savings 828,000 4,424,000 6,362,000 
Increased traffic 10,318,945 21,091,470 32,204,180 
Diverted traffic 15,100,000 17,365,000 

1969 Transport cost savings 11,141,617 14,251,922 15,755,216 
Stockpiling savings 828,000 4,424,000 6,362,000 
Increased traffic 
Diverted traffic 

1970 Transport cost savings 11,472,056 14,684,864 16,233,413 
Stockpiling savings 828,000 4,424,000 6,362,000 
Increased traffic 
Diverted traffic 

1971 Transport cost savings 11,858,774 15,180,058 16,846,699 
Stockpiling savings 828,000 4,424,000 6,362,000 
Increased traffic 
Diverted traffic 

1972 Transport cost savings 12,216,170 15,642,090 17,306,654 
Stockpiling savings 828,000 4,424,000 6,362,000 
Increased traffic 
Diverted traffic 

1973 Transport cost savings 12,607,806 16,152,662 17,848,016 

Stockpiling savings 908,000 4,842,000 6,962,000 
Increased traffic 12,053,.888 23,427,406 35,084,412 
Diverted traffic 19,100,000 21,965,000 

1974 Transport cost savings 13,191,051 16,854,514 18,602,310 
Stockpiling savings 908,000 4,842,000 6,962,000 
Increased traffic 
Diverted traffic 

1975 Transport cost savings 13,514,269 17,249,931 19,033,810 
Stockpiling savings 908,000 4,842,000 6,962,000 
Increased traffic 
Diverted traffic 

1976 Transport cost savings 13,541,493 17,350,245 19,170,564 
Stockpiling savings 908,000 4,842,000 6,962,000 
Increased traffic 
Diverted traffic 

1977 Transport cost savings 13,810,222 17,693,505 19,551,025 
Stockpiling savings 908,000 4,842,000 6,962,000 
Increased traffic 
Diverted traffic 

1978 Transport cost savings 14,082,461 18,037,963 19,929,789 
Stockpiling savings 988,000 5,260,000 7,562,000 
Increased traffic 13,902,226 26,037,758 38,270,811 
Diverted traffic 23,100,000 26,565,000
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Table 19 (continued)

2 week extension 4 week extension 6 week extension
1979 Transport cost savings $ 14,365,890 $ 18,402,893 $ 20,337,280 

Stockpiling savings 988,000 5,260,000 7,562,000 
Increased traffic 
Diverted traffic 

1980 Transport cost savings 14,954,586 19,070,795 21,044,835 
Stockpiling savings 988,000 5,260,000 7,562,000 
Increased traffic 
Diverted traffic 

Sum of Undiscounted 
Benefits 215,353,491 404,218,909 497,552,313

Source: Derived from Tables 11, 15, 16, 17, 18.
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V. CALCULATION OF THE COST-BENEFIT RATIO 

The purpose of pre-investment appraisal is threefold: 

(1) to establish engineering feasibility; (2) to provide 

cost estimates; and (3) to determine, from a broad range 

of alternatives, that project which will result in the 

maximum gain to the region. This section focuses on the 

third objective.  

Transport systems require substantial capital invest

ment. The main decision to be made with respect to any 

transportation project is whether or not to make the ne

cessary initial investment to build, with the implied 

further commitment of resources to operate, the facility.  

Since funds are not unlimited, there must be some criteria 

which will point out that project which makes the largest 

contribution to the regional benefit account. The cost

benefit methodology is appropriate for answering both 

questions.  

The starting point for the analysis is the comparison 

of the costs of the investment with the benefits generated.  

The estimation of costs and benefits has been discussed; 

the operational technique for calculating the cost-benefit 

ratio is specified below.  

The formula for converting a series of costs to a 

single present cost, when attempting to find the least
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cost solution by the principles of economic costing, is 

as follows: 

cI  c2  cn 
C = C + + +00..+ 

0 (l+r) (l+r)2  (l+r)n 

where 

o = present value of the cost stream 

co  = capital costs 

cl...cn = stream of operating costs 

r = rate of interest 

Capital costs, in our study, are the sum of the costs of 

ice breaking equipment and navigation related construction 

costs. Operating costs are the sum of ice breaking acti

vity costs and increased annual costs.  

Capital costs are generally distributed over a 25 to 

50 year period. Since the extension alternatives do not 

require massive construction outlays, we felt that it would 

be unrealistic to distribute costs over a 50 year period.  

In the actual calculations, the capital costs are distri

buted over 10, 15, and 25 year periods. Thus, the present 

cost formula has been altered to take into account the 

amortization of capital costs. Although these are strict 

assumptions, they are desigied to determine whether exten

sian alternatives can becomql self-liquidating in the near 

future.  

Operating costs are presented for 1980 only. Since 

the extension alternatives cai be implemented quickly, we
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assume these operating costs occur as a constant stream in 

each year from 1968. Although it is general practice to 

reduce operating costs for earlier years, it was thought 

that our assumption would not bias the results.  

The present worth factors 1 1 •-- were 
(l+r) (l+r)2 

found from standard interest rate tables. Three rates of 

interest were used in the calculations, i.e., five, seven 

and eight per cent. These are higher than long term gov

ernment bond rates which are generally applied in trans

portation projects, but are in accord with contemporary 

thinking about the proper cost of government funds.' 

Moreover, using three rates will test the sensitivity of 

the results to the present worth factors. The stream of 

discounted costs under each extension alternative for the 

different combinations of interest rates and capital 

amortization schemes are presented in Table 20.  

The same type of procedure was applied to discount 

the future benefit stream. For the commodity subset under 

consideration, the four components of the estimated trans

portation cost savings were appropriately discounted. The 

formula is exactly analogous to the formula for the dis

counting of costs: 

+ + . + (l+r) (l+r) 2  "" (l+r)n 

The rates of interest used here were also five, seven and 

eight per cent. Table 21. presents the total discounted
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Table 20 

STREAM OF DISCOUNTED COSTS OF EXTENSION 
OF ST. LAWRENCE SEAWAY NAVIGATION SEASON, PRESENT SYSTEM* 

Interest Rate

r = v05 r = °07 r = ,08

I. Two week extension

$ 214,215,479 
179,690,388 
131,443,663

$180,755,735 
142,851,525 
96,557,767

$ 166,380,436 
127,944,040 
83,981 ,389

II. Four week extension

10 
15 
25

yea rs 
yea rs 
yea rs

III. Six week extension

10 
15 
25

yea rs 
yea rs 
yea rs

287,666,930 
241,831,048 
177,777,175 

412,161,911 
345,448,043 
252,219,450

242,884,561 
192,562,523 
131,102,433

347,702,180 
274,458,738 
185,003,924

223,641,656 
172,613,083 
114,247,795

320,010,028 
245,738,229 
160,787,882

None

10 
15 
25

yea rs 
years 
years

"'Several Schemes were considered for the amortization of capital costs.  
of them was completely satisfactory. It was decided, therefore, to use the 
simplest amortization scheme possible for these capital costs,
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Two week ext 

Four week e> 

Six week exi

Table 21 

STREAM OF DISCOUNTED BENEFITS OF EXTENSION 
OF ST. LAWRENCE SEAWAY NAVIGATION SYSTEM 

Interest Rate 

r = .05 r = c07 

tension $ 154,081,621 $ 136,636,484 

<tension 291,352,441 259,582,155 

tension 359,556,128 320,169,546

r = °08 

$ 129,022,473 

245,095,989 

302,961,626

I.° 

II° 

III.
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benefits under each extension alternative and rate of 

interest.  

Since only a commodity subset was analyzed (repre

senting about two thirds of total Seaway traffic) the 

benefits are underestimated. This underestimation is 

serious in three cases: (1) gauging transportation cost 

savings on minor grains, petroleum products, animal and 

wood products, plus general cargo; (2) estimating stock

piling savings on other bulk cargoes that are stored 

during the winter; and (3) measuring the increased regional 

income that would be generated by minor grains, animal 

and wood products, et al. No attempt was made to estimate 

the above benefits. Rather, it was felt that the best 

procedure was to point out that benefits are underestimated 

and indicate the areas where this is a serious problem.  

There are a number of methods for performing the 

actual calculations. The most common is to compute the 

ratio of total discounted benefits to total discounted 

costs, i.e., b°/cO. Alternatively, one can compute the 

ratio of an increment in discounted costs to an increment 

in discounted benefits, i.e.,/a b°/ic ° . However, it has 

been shown that these methods may be a misleading guide to 
investment choice. Projects with the highest cost-benefit 

ratio do not necessarily show the largest net benefit to the 

region. [5, p. 118] 

Since we assumed the objective of the undertaking 

agency would be to maximize net benefits, we calculated
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the difference between the discounted value of benefits 

and costs, i.e., v = b°-c o . This is the simplest compu

tational procedure and selects that project which will 

make the maximum contribution to the regional benefit 

account. Table 22 presents the calculated net present 

value for each extension alternative under each set of 

assumptions.  

It is found that the magnitude of both benefits and 

costs is directly related to the length of the extension 

period and inversely related to the rate of interest.  

Further, it is seen that although the two week extension 

can be implemented rather cheaply, it does not generate 

the necessary transportation cost savings to justify it

self. The four week extension shows the most consistent 

profit in the regional benefit account. It seems that a 

four week extension is the minimum necessary to generate 

significant transportation cost savings. The six week 

extension shows a positive profit account except under a 

ten year capital amortization scheme. The question that 

must be addressed is whether the increased costs for very 

long extensions justify the increment in benefits.  

In addition to the direct benefits of an extended 

season, the indirect or external benefits, i.e., benefits 

not directly measured as reduced transport costs, should 

also be mentioned. For example, it is assumed that some 

competitive reductions in rail, truck and barge rates will
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Table 22 

STREAM OF DISCOUNTED COSTS AND BENEFITS 1968-1980 
AND CALCULATIONS OF NET PRESENT VALUE

r = .05 

$154,081,621 

214,215,479 
179,690,388 
131,443,663

r = .07 

$136,634,484

r =.08 

$129,022,473

180,755,735 
142,851,525 
96,557,767

166,380,436 
127,944,040 
83,981,389

Net Present 
Value 

$ 

(60,133,858) 
(25,608,767) 
22,637,958 

(44,121,251) 
(6,217,041) 
40,076,717 

(37,357,953) 
2,078,433 

45,041,084

291,352,441 

287,666,930 
241,831 ,048 
177,777,175

259,582,155 245,095,989

242,884,561 
192,562,523 
131,102,433

223,641,656 
172,613,083 
114,247,795

3,685,511 
49,521,393 
113,575,266 

16,697,594 
67,019,632 

128,479,722 

21,454,333 
72,482:,906 

130,848,194

359,556,128 

412,161,911 
345,448,043 
252,219,450

320,169,546 302,961,626

347,702,180 
274,458,738 
185,003,924

320,010,028 
245,738,229 
160,787,882

(52,605,783) 
14,108,085 

107,336,678 

(27,532,634) 
45,710,808 

135,165,622 

(17,048,402) 
57,223,397 
142,173,744

Source: Tables 20, 210

2 week 

Benefits

Costs 10 yrs.  
15 
25

10 
15 
25 

10 
15 
25

4week

Benefits

Costs 10 yrs.  
15 
25

10 
15 
25 

10 
15 
25

6week

Benefits

Costs 10 yrs.  
15 
25

10 

15 
25 

10 
15 
25
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occur. Railroads, truckers, and barge operators did lower 

their rates in response to the opening of the Seaway. It 

is reasonable to assume that they might also lower rates 

if a season extension would divert significant amounts of 

cargo to the Seaway system.  

A second externality that should be considered is 

the more efficient utilization of Seaway and port facili

ties made possible by longer operation. Some of these 

benefits will result in lower shipping costs and are mea

sured as such. Others may not directly affect transpor

tation charges. These would include the delaying of 

congestion induced expansion of Seaway and port facilities, 

a slight reduction of annual close down and start up. costs, 

plus a reduction in the cost of having men, equipment, and 

facilities idled for one third of a year.
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VI. CONCLUSION 

In conclusion, it has been found that: (i) limited 

extensions of the Seaway season are technologically feasible; 

(2) the costs of such extensions are known; (3) the benefits 

generated by such extensions can be estimated to approximate 

the total real benefits of extending the season under dif

ferent schemes; and (4) the longer, limited extensions are 

economically justified.  

Selecting the actual type of season extension is much 

more difficult and the decision rests with the undertaking 

agency. It should be pointed out that a four week exten

sion is the minimum necessary to generate significant 

transportation cost savings. The choice must consider, 

however, trade offs between technological feasibility and 

economic benefits, and between the regional net present 

value account and the increase in costs needed to generate 

any increment in benefits.
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