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ABSTRACT

Since the inception of the St., Lawrence S=saway in 1959,
the revenues generated from toll charges have not been suf-
ficient to meet all of the costs. The most obvious way to
alleviate this problem would be to alter the tolls on the
Seaway 1in such a manner that revenues are sufficient to
cover the costs., The major objective of this study is to
determine if toll changes on the St. Lawrence Seawvay would
have any effects on the Grain Handling and Transportation
Systen. The hypothesis of this study is bassd on the argu=
ment that with alternative tolls on the St. Lawrencs Seaway

the demand for the use of the Canadian ports will vary.

The emphasis of +the model is to minimize the impacts to
the producers of alternative +tcll structures by rerouting
the export grain delivered to each port. The conceptual
argument for this emphasis is that the demand for Canadian
export grain is elastic, meaning that the importers of Cana-
dian grain would not be willing to absorb higher tolls, nor
would they absorb the benefits of reduced tolls. Therefore,
producers wili bear the brunt of the impacts of alternative
tolls on the Seaway., This study set out to determine if
producers could offset (minimize) the impacts of alternative

toll structures by rerouting grain to other Canadian ports,
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The model selected to study the effects of alternative
tolls on the St. Lawrence Seaway on the Grain Handling and
Transportation System was a linear programming modszl. The
model had as its objectivs the winimization of transporta-
tion cost, borne by the users, for delivering their grain to
export position., This model is consistent with the approach
taken by other rescarchers in this area of study, as well as
with the overall objective of the study which was to minim-
ize the impacts of alternative tolls cn the St. Lavrencse

Seaway,

This study found that the distribution of grain to Cana-
dian ports varised as tolls on the Seaway were changed, In
particular, for a 30,01 increase in tolls on the Seaway, an
additional 47,553 tons of export grain would move through
the west coast, The study alsoc found that even with this
amount of redistribution of export grain to the ports, the
total costs to the users would increase by $79,256.75 for

sach $0.07 increase in tolls on the Seavay.

The study alsoc determined that once tolls reach $0.95 a
ton, ng further redistribution’of grain «can occur with
farther increases in toll levels., The reason is that at the
toll level of $0.95 per ton, the total handling capacity at
the west coast is fully utilized, making further movenments
of export grain westward impossible, unless +the handling

capacity at the west coast is increased.
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From these results, this study was able to darive thrse
significant policy implications with regard to the effects
of altering the toll structures on the Ssaway. First,
higher tolls could lead to a guickening of the rationaliza-
tion of +the rail system, as +higher tolls in general wiil
require more grain to be moved westward. This will increase
pressure on the railways to ensure that more grain can be
moved westward, Second, higher tolls on the Seawvay are
liksly expedite improvements currently being made at the
west coast. Third, the opposite situation will develop if
tolls on the Ssawvay vwere lowered. The pressures on the
railways and the west coast would be reduced, thus weakening
the pressures for rationalization and improvement of these

components of the Grain Handling and Transportation Systenm.
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CHAPTER TI: INTRODUCTICN AND BACKGROUGND TO THE PROBLEH

Background _to_thz Probienm

Since the inception of the St. Lawrence Seaway in 1959,
the vtrevenues (generated frem the toll charges have not been
sufficient to meet all of the costs of the Seaway. In 1974
alone, the net loss for the year was $50,360,717.1

Section 17 of the St. Lawrence Seaway Authority
Act provides that tolls are tc be designed to be
sufficient o defray the cost to the Authority of
its operations, Such costs are defined as including
interest on loans, amounts sufficient to amortize
lcan principle over a periocd not excseding fifty
years, and the costs of operating and maintaining
the canals and works., Since the inception of the
Authority, revenues have been insufficient to meet
the full interest or any amortization of 1loan
principle.?

In other words, the Seaway wasS ofiginally intended to be
self sufficient; however, it has never bsen self sufficient
in meeting its costs. The existing capital structures {such
as locks) on the Seaway have a limited life: time and use
will eventuallyY require the replacement of these facilities,
The conbination of not being self sufficient and a limited
life ultimately means that additional <£financing of the

D D S A A I TR A TR D R AR ST WD D D

15¢, Lawrence Seaway Authority, 1374 _Annual Report,
{Ottava: St. Lawrence Seaway Authority, 1974) p. 16,

21bid., p. 4.



Seaway will be reguired, This borrowing will have to take
place in addition to existing debts, which have been
financed »Hy the Canadian government and which are not being
repaid. Unless measures are taken to repay the existing
debt, the wultimate result will be that the federal govern=-
ment will have to absorb the dept rather than leave it on
the books, The process of absorption or recapitalization of
these debts would probably fcllow a format sSimilar to the
one wused 1in the <case of the Canadian National Railways,
Where the debts were absorbed by +the faderal goevernment, 3
Howevar, the situation surrounding the toll structurss and
financing of the Seaway is quite different from the debts
that faced the C.N.R., As Lesstrang pointed out:
The Secaway became the only waterway in the
Onited States [or Canada ¥for that matter] which was
improved by the federal government, and was then
told that it had to pay back +the cost oOf its
improvem=ant, The reasocn, of course, goes back to
the ¢ld railroad, private wutility, ©East and Gulf
Coast port pressures, In the final stretches of
Seaway legislation, proronents for the vaterway had
to promise a pay-back to the goverament in order to

obtain passage for any kind of Seaway Construction
bill at alli.*

In fact, it was these same railway and political pre-
ssures which had delayed construction of the Seaway for Some

D D A W TN WD NG WD A T T T AT s s WD

33, Lukasiewicz, The Railway Ganme, {Toronto: McCelland
and Stewart Limited, 1976) pp. 20-50,
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Superior Publishing Ccmpany, 1976) p. 177,

*Jacques Lesstrang, Seaway, {Seattle, Washington:



seventy years.S

If +the Seaway is required by law to be self supporting,
and since changes in this legislation would face consider-
able oppositicn, and if the Seavay is not self supporting,
then somewhat of a problem 4is developing. Any capital
structure with a limited 1ife, which is not self sSupporting,
and wvhich will have difficulty in finding additional financ-
ing, will sconer or later £f£ind itself in a situation where
its continued operation beccmes almost impossipile., Ths most
obvious way to alleviate this potential threat, of coursse,
would be 1is for the Sesaway to0 bszcome self sufficient., The
simplest method of increasing revelues would invVolve restru-
cturing the +tolls levied on the Seaway. It is theorstically
possible to raise revenues by lowyering the tolls and
consequently attracting an increased demand for use of the
facility. The other alternative £for increasing crevenue
would be %o <rTaise tolls, In order %0 determine which
alternative would be effective, the shape o0f the demand
curve for use of the St,. Lawrence Seaway as ¥well as the
feasipility of either raising or lowering the tolls would
have to ba comnsider=ad,

Before thas tolls on the St. Lawrence Seaway are restruc-

tured, at least one questicn needs to be answered: Could a

0 o e D R D D N D O D D A S A D
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restructuring of tolls on the Seaway result in probplems
resulting with regard +to the allocation of resources? In
order tc propsrly answer this guestion, Ons pust first
consider the groups involved and +then look at the roles
played by each group in turn.

For all practical purposes there are three main groups
involved:

iYthe producer,
ii) the importing nations and

iii)the Capnadian government and tazpayer thfough their
subsidization of grain movements and of the Sesaway itself,

Initially, consider the impacts of a restructured toll
system involving higher tolls.,

It is unlikely that, other things being equal, either the
importing nations or the producers would be able of willing
to absorb these higher costs., Given the higher elasticity
of demand for Capadian export wheat,® any increase in price
will 1lead %0 a more than proportionate decrease in the
guantity demanded, This suggests that the importing nations
will very likely attempt to purchase their grain elsewhere
if the Canadian export price g¢goes moTe than a few cents
above the price at which Canada is currently able to export

X T AN D RS D D ATD WD AT D AR AT T T o,

5D, Ro Campbell, "The Farm Problen,” Canadian Economic
Problems and Policiss, ad. L.H. Officer and L.B. Smith,
{Torontc: McGraw=-Hill Company of Canada Limited, 1970) p.
198,




its grain., As Canada now relies quite heavily on the export
of wheat as a contributer to her total @X¥port earnings, the
loss of an export market for wheat could affect the standard
of living currently enjoyed in Canada.? For this reason, the
importing nations can not be charged the entire increase in
Costs which would result from higher tolls.

A similar situation exists with the producers, If due to
higher +tclls it costs much more than it does today for the
producer to g2t his wheat +to0 wmarket for eXport, some
producers may not be able to stay in the business of
producing grain for export. Many producers have indicated
that +they are concerned with increases 4in transfer or
marketing costs frcem within the systen {transportation} and
that continued increases of +his type could significantly
reduce their economic welfare.® This would affect production
and since, ¥Ythe Prairie Region of Canada is basically an
exporting region, and hence a major contributer to Canada’®s
balance of payments position,”9 any reduction in production

could affect the standard of living Canadians currently

7This point is discussed further in Chapter IIT.

8Government of Canada, Hall Commission, The Report of The
Grain Handling and Transportaticn Commission, Grain_and_Rail
in Hestern Canada, Volume I, {Cttawa: Printing and Publish-
ing, 1977) p. 72.

9Ipide, p. 534,



Since the costs which would result from higher tolls are
not readily transferable either forward or backward, the
Canadian government wili have to pay at lesast some portion
of the higher tolls. Frem a standpoint of future policy,
therefore, it is important that policy makers know the best
possible wunderstanding the impact of tolls on the prairie
grain producers, the taxpayers, as w21l as the importing
nations.,

If lower tolls as an alternative to higher tolls, on thes
St. Lawrence Seaway are to be effective in raising total
income of the St. Llawrence Seaway, then lower tolls would
have to result in more grair traffic moving through the
Seaway. The impacts of such a development could show
themselves in a variety of ways.

First, lower tolls resulting in more grain traffic on the
Seavay may be an impractical sclution for two reasons:

iyit would mean additional Ydeadheading?, {ships
returning wupstream with noc cargo). <Currently ships carry
grain one way and then are loaded with irom ore or sone
other commodity to make the retaurn trip. If more grain
starts to move through the Seaway, then the balance between
shipnents upstream and downstream, would be disturbad,
resulting in higher costs to the ship ownars: that is less
revenue would be received as they would onrly be shipping in

one dirsection. This would make increased grain traffic anon



profitalble unless accompanied by an increase in other types
of traffic moving upstrean,
i1)if as a result of lower tolls, increases in traffic
€ither up-bound or down-bound or both did occur, bottlenecks
on the Seaway could begin to develop, In fact, a recent
study done by the the U.S. Army Corps of Engileers Levealed
that even with expected increases in traffic on the Seaway,
"bY 1990 traffic in the Seaway system will be so great that
a permanent jam~up will occur at the Helland cahal,™20 }
two-fold problem is developing at the Welland Canal. "Not
only will there be too many vessels to handle, but also, if
the trend in fleet compositicn continues, traffic will be
further constrained by the fact that many vessels will be
too large to pass through the existing canal.,wt:
Keeping this in nmind, it is possible that attempts to
increase the traffic by reducing tolls on the Seaway may
have implications with Tegard to limits on the amount of

traffic the Seaway can handle, reducing the benefits which

would be derived from reducing tolls.,
There 1is one other factor making a reduction of tolls on
the Seaway difficult, That factor deals with the efficiency

of the system on a macro level, Although there are
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currently many problems with the grain transportation sys-
tem, in the short run an increase in traffic moving eastward
through the Seaway might me2an a decrease in the amount of
traffic which moves through the other Canadian ports, namely
Vancouver, Prince Rupert, Churchili and Victoria. A rsduc-
tion in traffic through these® ports would result in excess
capacity being created at one or all of thess facilities,
Although scome of the bottlenscks which now develop at the
Vancouver terminal could be 2liminated, any cost savilgs or
higher revenues resutling from dincreased traffic due to
lower tolls on the Seaway could be offset by increasad costs
and reducsd revenues that would be associated with under
utilization of existing facilities in these ports as well as
from over utilization of facilities_in the Seaway.

Thus the problem of ‘how tc rastructure tolls on the
Seaway 1is Dpoth difficult and complex, It has sevzgral
dimensionss

i)what type of toll structure wonld result in an
increase in revenue?

iijwhat type of toll structure would be politically
feasible and economically sifecient?

iii)what would be the impacts of different toll struc-
tures on the producers, the railways, and the ports?

ivywhat impacts would the nsw toll structures havVe upon

the system as a whole?



From a grain handling and distribution system point ©Of
yiew, the problem has two dimensions. First, what will the
impacts of a new toll structure be On the sSystem, and
second, how will the system be able to offset or at least
pminimze those impacts by adopting such Reasures as changing
the relative amounts of grairn exports through the various

ports.

The _St. _lawrance: An OVerview

Having outlined the problem, a more Compl2te discussion
of the economic importance of the St. Lawrence Seavway will
no¥ be given 1in order to emphasize the importance of
problems (such as self sufficienCy of the Seaway) tO Canada,
both on a regional and on a national basis.

A description by Lesstrang of the nature and limitations
of the Great Lakes of North America is probably one Of the
petter starting points for an overview of the St. Llawrencs
Seaway. As h2 observed:

The geographer, looking at a geodesic globe of
the world, Would note that the Great Lakes of North
America = the largest bcdy of £fresh water 1in the
world - connects with the Atlantic Ocean through the
St. Lawrence River at the Gulf of St. Lawrences
An economist would note, further, how=ver, that
albeit a series of small locks, the Great Lakes
might as well be land-lockeds Iin terms of vworld
transportation economics the lakes were virtuaily
non-existant, A shallow draft, plus white-water at
the Lachine Rapids, +the Sculages and the swift
flowing International Rapids - made it impossibls
for the ocean ships, which carried the commerce of
the world to enter or leave the lakes,



And so the maritime commerce that gréw up in the
Great Lakes was Primalily regiomal - shipping went
mostly from small lake port to small laks port, from
the United States to Canadas

And so it was during most of the 19th century,?i2

Ports_of the Sgaway Systenm

The ports had always been there, cf Course. 5ome like
puluth, Detroit and Chicago had earned rather respactable
reputations for their tonnadge even before the Sea¥waV was
puilt., Others were content to accept (or at 1east put up
with) whatever Cargoes they coOuld nuster from the inter-lake
trade, mainly bulk cargoes such as iron ore and grain.

The opening of the Seaway and the definition of the
System to include everything between Montreal and the
Lakehead,‘ made a potential international superstar out of
each port, or so, at least, each port thought,

Today there are close to fifty ports on the Great Lakes
each o¢f which is engaged in scme aspect of intra-lake or

foreign ccmmercial shipping. The International Association

of Great Lakes Ports {IAGLP) consists of 22 major portis.
The map on the following page indicates the position of

those ports and the route that the Seaway takes.

12Thide, pPs 9e
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Canadian Ports Along The_ Seaway

The Great Lakes and upper St. Lawrence river forl the
entire southern border of Cntario and provide +the province
with an exceptional location £for economic development,
Along this shoreline there lie more than 1000 miles of deep
waterways which, as a natural resource, have coantributed in
many ways to the econcmic growth ¢f Ontario and Canada.

The impact of the Seaway in Ontario is largely on
manufacturing and extractive industries. The largest and
most active of the Canadian ports 1s Toronto. Continued
emphasis upcn updating and streamlining marine terminals and
equipment has enabled Torontc to offer some 0f the most
modern facilities on the Great Lakes. The port services
mainly the heavily populated region adjacent to Lake Ontario
frem the Niagara Frontier in the south to the Detroit-
Windsor area in the west and Peterbourocugh in the =ast.?!3

The area sarved by the port is knmown as its 'hinterland,’
which is the geographic regipn that the port can service for
its customers more 2conomically and =2fficiently than can any
other mcde of transportation. The Great Lakes-St. Lawrence
Seaway has a vast hinterland, extsnding to Hontana, Hyoning

and Colorado on ths west, Kansas, Missouri and Kentucky on

13Tbid., pp. 128-130.
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+he south, West Virginia, western DBennslyvanla and western
New York cn ths east, and the greater portioms of the
province of Ontario, Manitcba and eastern Quebec on the
north,

Other Canadian fports are not as large as Toronto and
consequently do not handle as much traffic, However, each
port in the Great Lakes Systen doesvhave a dual role, namely
a regional as well as an international <role, Besides
serving its immediate hinterland, and thus assisting in the
development of the hinterland pusiness, a port also tends to
establish through its regiomal role a rather consistent
growth pattern because theére are Mmore and more regional
activities for the port to deal with. So, over time the
port is bound to gst increasing traffic provided nothing
happens to interfere with the process of growth,.

However, the true interpnational role of the Great Lakes

this

&}

and of the Seaway porits is still developing. It i
role which will benefit the agricultural sector ©f Canada,
and which is dealt with in the remaining portion of this
study.

Economic Development:z _Can the St. lLawzence Seayay

Contribute?

The answar +o +his gquestion 1is hypothetically yes.
However, how much the Seaway has actually contributed and

will contribute in the future in the growth of the Seawaly’s

13



surrounding hinterland is a difficult question to answer,
Since the gquestion involves numerous difficult and complex
dimensicns, an attempt to tackle all those dimensions 1s
beyond the scope of this study. This particular review
therefore, is intended only tco demonsirate how a project
such as the 35t. LawrencCe SSaway cab aid in the devalopment
of a region and consesquently lead to the development of the
national econcny as a whole.

There is now  a fairly well accepted body of theory
regarding the nozﬁal sequence of development stages in a
region. This sequence may be outlined as follows:t#

i)The first stage 1in the economic history of most
regions is one of a self sufficient subsistesnce economy in
which there is 1littls investment or trade. The basic
agricultural stratum of population is simply located accord-
ing to the distribution of natural resources.

iiyWith improvements in transport, the region deVelops
some trade and local specializafion,_ A second stratum of
population then comes into being, carrying on simple village
industries for the farmer,

iii)With +the increase of interregional trade, a region

B D A R D T T D D A D D D G I X D

i4pouglas C. North, "Location Theory and Regional
Economic Growth,"” €d, David L. Hckee, Robert D, Dean and
Wwilliam H. Leahy, Regional Economicsz__Theory and Practice,
{Toronto: Collier =~ H#acmillan, Canada Limited, 1370) pp.
30f.
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tends to move through a succession of agricultural crops
from extensive grazing to cereal production to fruit farming
etc,

iv) ®¥ith increased population and diminishing returns in
agriculture and other extracCtive industries, a Tegion 1is
forced to industrialize. Industrialization is the introduc-
tion of the so-called secondary industries ({mining and
manufacturing) on a considerable scale,

vYA final stage of regional growth is reached when a

region specializes in tertiary industries producing for
donestic as well as export purposes, Such a region exports
capital, skilled personnel and special services to less
advanced regions,

The role of transpori costs is critical in the advance-
ment through these stages of growth, Historically, reduced
transport rates have tended to:iS

i)ytransform a scattered, and ubiquitous pattern of
production into an increasingly concentrated one, and

ii)effect progressive differentiation and selection
petween regions with supericr and inferior resources and
trade routes,

Although this stage theory finds a substantial parallel

in the Furopean economic development, it bears only 1limited
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is5joc, «cit,
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resemnblance +o the actual develiopment of regions in North
America., These stages also fail to provide any 1mnsights
into the sources of growth and chandge, The problem with a
comparison of this theory to the development of America is
that +the development potential of America was exploited
mainly as a capitalist venture. Settlements in new regions
and their subseguent grewth were shap=ad by the search for
and production cof goods whick were already demanded in world
markets, This types of develcpment process is very different
from the one implied by the thecry of regional development
in which regions gradually extended the nmarket from a
subsistence 2CONOMY.

In general the development of North America was not a
gradual, linear evolution out of a subsistence economys.
Instezad, the %hols development of the regions within North
America was dependeﬁt upon their success in producing
gxportable commodities,. “Ever +the well-worn historical

generalization by loCation theorists tha®t TedlUced transport

rates will transform a scattered, uhiquitods pattern of
production into an increasingly concentrated one is not true
of America.?t® In fact, many redions in America devVeloped
from the baginning around cne or two exportable commodities

and expanded their export base only after the reduction of

16Ibid., p. 34.
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transport costs had occurred,

A slightly more applicable approach to the development of
regions as tart of the overall development Of NOLth America
is based upon the importance of the export staple in shaping
new economies,1?

The settlers of a new region often had to experiment with
a number of different crops before discovering that one or
two were econonically feasible. The success of an industry
in producing an =@xportabls ccnmrodity can be understood in
terms of location %fheory. The devalopment of exportable
products vreflects a relative advantage in the costs of
production including transfer costs,18

From the viewpoint of the region, the demand for the
exportablse commodity was an exog=nous factor, but both

procassing and transfer costs were not. Historically, _new

regions bent every effort to reduce transfer costs_to_better

the competitive_position of it exportis.i®

Concerted efforts have alsc been made to improve the
technology of production. AgricCultural experiBenlt stations,
univarsiities and other research groups have all participated

in efforts to improve the technclcgy of production in the

$7ibid., p. 35,
18jcc. Cit,

19Tphid., P. 36,
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hopes ©f improving the comparative advantage of a region,

Briefly then, there are two theories of regional develop-
nent, The first applies +o the development of EUuropean
countries and the second applises to the davelopment of North
America., In the first approach, one compenent contributing
to development of a rTegion 1is a reduction in transport
costs, In the second approach, there are two factors which
aid in improving the comparative advantage ©f the Tegion and
consegquently 1in widening the export base of the region. By
improving the comparative advantage of a region, growth and
development in the region are thus accelerated or augmented.
These two factors ares

i)yreduction of transfer costs, and

iiyimprovenants ip the technology of production

For purposas of development, a reduction in transfer
costs may be more important to a particular regiol than an
improvensnt in the technclogy of production in the region.
The TeasSon for this is that an improvement in the transpor-
tation system is likely to give a 'distinctive?! advantage in
the senss that other areas oOr regions may not have the
opportunity to devselop transportation systems Such as inland
Watervays. Technclogy on the other hand tends to be
relatively mobile from region to region, Developments which
lead to the 1introduction o©of new seed varieties oOr new

farming practices within a particuvlar region will, sooner or
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later, likely find thelr way tO other regions,

The building of the St., Lawrence Seaway vwas dJdefinitely
an improvemept in the transportation system for goods and
commodities produced in North America. In particular, the
porthern region which has proximity to the Great Lakes has
benefitted from the Seawdy, Althcugh a canal system con-
necting the Great Lakes with the Atlantic Ocean existed
prior to the development of the Seaway, it did not have the
capacity that the Seaway ncw has. MNore importantly, it did
not give ocean going vessels direct access beyond the port
of Hontreal, The Seaway system, on the Otherl hand, gives
ocean going vessels direct access to inland ports such as
Thunder Bay and Duluth. Thué a combination ©f increased
accessability and lower transportation costs for =sixport
goods and intraregional traffic has greatly incIeased the
*hinterland?® of the Great Lakes and the interconnecting
waterways, The Seaway also enables these new hinterland
areas to broaden their expcrt base and/or increase their
total exports, which were often previously restricted by
high transportation costs and a lack of capacity.

Thus it at least appears that the Seaway can and has
contributed *o0 the development o©f the hinterland areas,
However, this doss not necessarily mean that these regions
would not have developed without the Sesaway. In fact,

Fogel?’s axiom of inevitability may have been a factor in the
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develcpment of the hinterland areas. Although, once the
Seaway was in place, develcpment occurred around it, unless
a great deal of the ccmponents for develoPment had not been
in place prior to the Seaway, this development might not
have occcurred.

Economic Effects of The St. Lawrehce sSsavway

From a theoretical perspective the St, Lawrence Seavay
should have made a contribution to the =conomic growth and
development of the regions within its hinterland. In order
to demonstrate whether the Seaway has in fact contributed to
growth within its hinterland three indicators will be
examined, both pricr to and since the completion of the
Seaway. These ares

i) private and public investment trends on a regional
basSis
ii)empicyment trends by region

iii) changes in the nmovement of the major commodities the
Seaway handles.

Table 1 shows the rates of change in private and public
investment cn a reqgional basis in the pre and post Seavay
developunent periods. The data give no indication that the
regions in Canada most affected by the Seaway, that 1is
Hanitoba and Ontario, have faired any better than any other
region in Canada, In fact, £for the post Seaway pericd

1960-1977 Ontario and Manitcba rank only ahead of Saskaiche~-
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wan and +the Atlantic Region. This indicates that the St.
Lawrence Seaway has not resulted in growth in investment in
its hinterland at any greater rate than Occurred outside its
hinterland. Had +the Seaway nct existed the growth in
investment in the hinterland may have besn even lesS than it

Wa S

Tapcle 1

Rates of Change of Public and Private Investment per
Year by Region ¥With 1952 as ithe Base Year2?

e e i o e e e v e T m M m Me s e T T A SN MM SN T EO ST N DSOS TSI T RTINS

Region 1952-1960 1960-1977 1952-1977
¥anitoba 101.2 293, 4 591.7
Ontario 50.4 409.3 666.0
Atlantic Region 75,6 397,90 772,06
Quebec 56.8 438,8 T42.9
British Columkbia 48,2 583.0 912.1
Alberta 57.1 731.7 1207.0
Saskatchewan 57, 4 377.8 623.6

T e A A D NG D D T R D A D A A U

20pepartment of Finance cf Canada, Economic Review, April
1978, {Ottawa: HMinister of Supply and Services Canada,
1978) p. 141,
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The employment data are presented in Tables 2 and 3.
Prom Table 2 it can be seen that Ontario and the Prairie
Region consistently rank second and third Tespectively in
both pre and post Seaway development periods in rates of
changes of total smployment by region, Table 3 Sho¥s that
in terms of the regional employment as percentage of total
employment in Canada, only British Columbia and Quebec have
shown a change of more than 2 percentage points, and B.C,
is certainly not within the hinterland of the St. Lawrence
Seaway. Both Quebec and the Atlastic Region have iost vis a
vis other regions, indicating that the benefits of having
key ports and facilities may have moved westward and in
particular to Ontario due to the development of the Seaway.
The prairie region experienced no significant change vis a
vis the rest of Canada for the period 1954-1977.

From thea data presented, it is reasonabls to conclude
that the St. Lawvrence Seaway has besen only partially
effective, if effective at all in stimulating changes in the
rate of growth of its hinterland, as the hinterland has
shown little change vis a vis the rest of Canada., It shonid
e noted that the evidence for this conclusion is based on
limited information. Therefore, this conclusion should be
considerasd only as indicative, and that further research be

done in this particular area,
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Table 2

Percentage Change in Total Employment by Region
With 1954 as the Base Yearsi!

Region 1954-1960 1960-1977 1954-1977
Prairie Region 15.6 57.9 82.5
Ontario 15,6 67.3 93,4
Atlantic Region 5,1 49,6 57,3
Quebec 11.5 52.8 70,3
British Columtia 18,1 106, 4 143,.7

D o D AR T T A e WD P D AT AT T

211pbid., p., 158, and; Department of Finance of Canada,
Economic__Review, _April 1976, {(Ottawa: Hinister of Supply
and Services, 1976) p. 146,

23



Tabls 3

Relative Employment by Region, as a Percesntage of Total
Enployment in Canada ¥With 1954 as the Base Yesar2?

T . e T e e T T T N N NS T I NS T RS SRR R R NSO EN NIRRT RS

Region 1954 1960 1977
Prairie Region 17.6 17.9 17.3
Ontario 37,1 37.7 38.6
Atlantic Region 8.9 8,2 7.5
Quebec 28.0 27.5 25,7
British Columbia 8.3 8.7 10.9

b A D D A D A D WD D N D D N P D

22ioc, Cite
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From Figures 1 and 2 it can be seen how the Changes in
movements of the major cocmmodities of +the Sesawvay have
occurred from 1955 to 1977.23 In 1977, the movement of the
five product <classes grain, diron ore, coal, petroleun
products and manufactured iron and steel accounted for 86.4
percent2¢ of the total tonnage moved through the Welland
Canal Section with grain and other agricultural products
accounting for 35.3 percent of the total, In the Montreal
Lake Ontario Section of the Seaway, these product classes
acccounted for 85.8 percéntzs gith grain and agricultaral
products accounting for 38 percent of the total. The iron
ore movemant in the two sections respectively accounts for
30.6 percent and 35.2 percent of the total movement,

Thus grain and agricultural products in combination with
iron ore account for roughly two-thirds of the total traffic

which moves +through the Seaway. Lesstrang argues, there-

fore, that the discovery of ircn ore in Labrador played a

major Tole in the development of the Seaway.?2®

23The Seaway was officially opened in 1959.

245t Lawrence Seaway Authority, ZIThe Seagay: _Opera-

tions, Outlogk, Statistics, 1977, (Cttawa:s Ste Lawrence
Seaway Authority, 1977) p. 30,

25Ibid., p. 23.

26Tbid. , P» 33»
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Thus, it would se=m that the Seaway was not a causal factor
in the growth of the iron and steel industry; in fact, it is
the iron and steel industry that would seem +o0 have been
responsible for the development of the Seaway.

Taking this argument into consideration, and once again
referring to Figures 1 and 2, this time with no considera-
tion of the iron ore movements, the only commodity that has
enjoyad real growth in movenent through the Seaway has Dbeen
grailn. In fact, the increase in movement from 1959 to the
present is nearly fivefold,

The argument that this increase in movement of grain has
been a . result of improved and increased proeduction due to
gains in technclogy over the years certainly can not be
discounted, This argument is in fact keepPing with the
development process outlined for North America above, as one
of the components which aids in the broadened and expandad
export base of a region is technology, However, improve-
ments in transportation, with +the inherent potential of
moving larger quantities at possibly lower prices must also
be considersd as an important factor in this growth of grain
movement through the Seaway.29 Had the Ssaway ROt had the

higher capacity and had the costs of transportation not been

A D D 4D

29Total exports of U.S. and Canadian grain have more
than doubled since the introduction of the St. Lawrsnce
Seayay in 1959, '
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as low as they were it is quite reasonable that at least
some of the growth in nmovements of grain through the Great
lLakes system would not have cccurred., This is especially
true in the Canadian case, where in recant years the
handling capacity of +the west coast ports has come under
criticism while the handling capacity of the port of Thunder
Bay and the St. Lawrence Seavay has been deemed
sufficient, 30

In 1ight of the above, it can be concluded that the St.

lawrence Seaway has at 1least in part contributed to an
increase in +the exports of grain and agricultural comﬁodie
ties, and has, therefore, played an important role in the
economic growth of western Canada and the north eastern
region of the United States.

Thus not only has grain bsen a significant element in
traffic moving through the Seaway, but the Seaway has also,
at least in part, contributed to the development of agricul-
ture in North America,

In conclusion then, +there is only limited empirical
evidence tc indicate that the St. Lawrence S2away has been
effective in contributing to +he econonic growth of its

hinterland as the hinterland has shown only minor gains in

T s e o A s B S T > S D

30Canadian Grain Handling and Transportation Committee,
Report of the Thunder Bay Sub-Comnittee, {¥innipeg: Canada
Grains Council, 1977) p. 11.
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economic status vis a vis the rest of canada,

There is evidence to suggest, however, +that +the St,
Lavwrence Seaway has contributed to the growth in the axports
of grain frcm Canada, and as grain is one Oof Cantada's major
export commodities, the Seaway has, in part contributed to
the economic well being of Canada by being a factor
contributing to increases in exports. If the Seaway is to
continue to play a role in the economic w21l being of Canada
then several steps and considerations are necessary, These
are of particular importance to western Canada and grain
producing regions of the north eastern United States, any
problems such as self sufficiency, bottlenecks, strikes or
poor handling methods which restrict the capability of the
Seaway, should be of great concern +o these regions and
efforts to prevent and nminimize these types of problens
should be encouraged to the maximum possible extent,

The reascn for this is that +the develcpmnent of thess
types o©of problems can have an effect on the export hase
which the Seaway has given thess regions and thus will
ultimately affect the econcmy of these regions,

The Seaway, then, is an important part of the North
American transportation system, It helps in the growth of
agricultural regions even though they have only indirect
access to the Seaway. Thus, it must be determinad not only

whether further investments in the Seaway which would
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alleviate problems at the Seavay are Warranted but also
wvhether or not invesiments in alternative modes of transport
would be beneficial,

A_Historical Perspective on The St.__Lawrence Sgaway

In light of the theoretical arguments which indicate that
the Seaway would be able to contribute to the regional and
hatonal economic growth of Carada, it would seem that the
construction of the Seaway would have closely followed the
engineering developments whicCh cr2ated the «capability for
construction, However, the political struggle prior to the
creation of the St, TLawrence S€away was long and arduous,
The ?ower of big business and unions was able to delay the
construction of the Seaway for a long period of tine, That
control certainly has not lessened since the completion of
the Seaway in 1959,3: and is still an influential component
when considering solutions to the problems such as self
sufficiency or considering forces that influence decisions
made by the pelicy maker., In order to demoustrate how the
power of big business and unicns can influence decisions on
Seaway tolls, a nmore Complete dascription of the political
struggle prior to the building of the St, Lawrence Seaway
follows,

As early as 1892, legislaticen Originating in the United
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Silesstrang, op. cit., p. 179.
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States, called for the construction of a wyater route from
the head of Lake Superior toc the sea, In 1894 a Canadian

grtoup formed what they called a Deep _¥aterways Association

and voted support for the U.S. legislation. Even at the
time of these developments, opposition to the develOPment of
the Seaway was emerging from +the eastern railroads, and,
Strangely enough, from the owners of the lake ships - water
transportation interests who feared the potential competi-
tion of larger ships which would be brought into the Great
Lakes through an access to the sea,

The success of the U,S, proposal in 1892, and the
Subsesquent establishment by President Cleveland of a jeint
U. S.-Canadian intsrnational cemmission to study alternatives
for deep-draft ocean ships to entar the lakes was to be the
last major victory for the proponents of the Seaway for
nearl? fifty years.

Following Wcrld War I, The Great Lakes=St.-Lavwrence
Tidewater Association emerged, and for sixteen ysars Lhe
association pushed relentlessly, if unsuccessfully, for the
construction of a Seaway. From 1920-1930 a series of
battles betwsen public and private power interests becanms
prominent, Th2 New York Governor, Franklin RooSevelit, while
not opposed to the use o0f the St, Lawrence Seaway for
navigation purposes, was much mors in Ffavour of the devsalop-

ment of the river for hydro electric power, Under Roose-
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velt, +the Power Authority of the State of New Vork {PASNY)
vas created and authorized to develop Si%. Lawrence vpower
and tc cooperate with +the federal (U.S,) government in
improving navigation on the river,

It seemed, however, that while the United States was
eager toO plan construction of the St. Lawrence Seaway,
Canada was unwilling to proceed. Prime HMinister HcKenzie
King was able to create delay after delay in discussions
relating to the physical ccnstruction of the Seaway until
1930 when he lost the election with one of the major
election issues being the unresolved Seaway discussions,

By 1932 the new Prinme Minister, R,B, Bennett and
President Hoover signed a treaty to build a Seaway to a
draft of 27 feet,’making the U.S. responsible for Complet-
ing work from Lake Superior to Lake Brie, with Canada +to be
in charge of work in its national section, with both nations
to share in the work and cost for the International Rapids
Section of the river, Under the treaty, costs for work
which were already completed were to ba shared equally.
Howeéver, the treaty Scon ran into serious opposition from
many organized interest groups, As Lesstrang observed:

Opposition to the Hoover-Bennett Treaty was
strong, immediate and vocal: The railroads again,
fearing the Seaway as a ccmpetitor, denounced the
treaty. The strong railroad unions - the Brother-
hoods - had joined their employers in opposing the
Seaway and as well, privately owned utilities, coal,

Eastern and Gulf port interests, regional watervays
and lake carrier organizaticns had joined forces to
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oppose the Seaway. The menstrous physical size and
the combined financial strength of these self-
interest factions, coupled with their unrelentless
attacks upon the treaty, began at once to badly hurt
its chances for survival,

The Great Lakes port of Chicage joined forces
with New Orleans against the Seavay in a Mississippi
Yaterway _Association. The Lake carriers and the
railroad center of Cleveland, ohio, another Great
Lakes port, struck out against the Seaway., And
there were others in the Lakes who did not want a

route to the sea - like Toledo and Buffalo, 32

With the coming of the mid 1930%s, the effects of the
great depression cnce again postroned any plans for the
develorment of the Seaway, although Xeynesian developnents
in econcmic theory after the depression recommended that the
implementation by government of a project such as the Seavay
would have halped in getting the economies of Canada and the
United states out Of the depreSsion.

After the 1930's had passed, interest in the Seaway arose
again. In 1940 Franklin D. Roosevelt, now President of the
United States in a statement +o a Great Lakes Seaway and
Power <Conference said +that a Seaway up the St, Lawrence
River "along with its benefits to national defense, will
contribute +o the peacetine welfare of a npultitude of
labourers, ..... The fear that the Seaway will result in

injury on the lower Mississippi or to our Atlantic ports is
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3215id., pp. 24-25,
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groundless,¥33

His major interest as stated previcusly, was in the
develcpment of the Seaway for the hydro-elasctric power which
the development of the St. Lawrence project would provide,

It was now The Chamber of Commarce of the United States
which c¢bjscted +to +the Seaway, contending that, "It is
obvious that the 5t, Lawrence power project cannot be
Justified, either in canada or +the Uhited sStates, for
electric powsr for defense industries, ¥34

Gther organizaticns were also opposad to the development
Of the Seaway at +this time. Donald D. Conn, Executive Vice

p

H

asident OF the Transportation Association of America,
objected to the Seaway and the Hoover-Bannett Treaty, citing
thats
No matter how vile the cdor of the Illinois
Waterway might become at Joliet, or what epidemics
right break out, Congress <could not authorize an
increased ~diversion of water without it being sub-
ject to velo by the international tribunal, 35
H.L. Bodman, Tepresenting the New York Produce Exchange

before a Congressional committee on July 1%, 1941, noted

that ¥,,,, we RBust not £Oorget that now we have an excess of

P D A D D WD D A D ey )

33Ibide, pPe  25.
3%as quoted by Lesstrang, op. c¢it., P. 26,

3510(:» ci.ta .
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transportation,®3% Other dissenters also spoke up. The
Niagara Frontier Planning Board in Buffalo probably expre=-
ss2d the gTeatest all round argument against the Seaway,
finding wirtually everything wrong with it. According to
the board:37
iythe mininmum totallcost of the whole 3St. Lagrence

project for Dpoth the United States and Canada would be
$1,120,588,000.

ii)at least 85 percent of the United States shar?® of the
project?s cost would be borne by American Taxpayers who
would be victims of unfair discrinination: These taxpayers
live in the region which could no* be benefitted by the sSt,
lawrelce Seavway even if claims of proponents were valid,

iii)American labour, transSportation andg industry, on the
government's estimates of fpossible Seaway traffic, would
losa $169,6Q7,000 8 y®ar, Diversion of business from the
American transportation systenm to foreign carriers, diver-
sion of Canadian export grain movements from the United
States and loss to American coal producers acCount for this
figure,

iv)the American farmer would not gain from the St.

Lawrence Seaway; export grain would be the «chief American

- 3D D AT T R D W D D D D M KD A DD D

3%loc, cit,

37TIbid., p. 28,

36



agricultural product to e Shipped through the waterway,
Even if a possible maximum saving ¢f 3 cents a bushel ywere
realized, +this would be absorbed by the foreign purchasers
and vessel owners,

There wers more negative voices against +the development
Of the Seavway., The New Orleans City Wide Committee and the
Mississippi Valley Association testified with great apparent
wvisdom that there was no need to develop the Seaway for
electric power as there are Many other sources which ¥ers
available at the tine,

It was not until 1943 +hat the 40.sS, Senate actually
turned its active attenticn to the Hoover-Bennett Treaty.
The vote was 46 ip favour and 42 against, failing the
two-thirds majority required by law to approve a treaty,

Although eVery Canadian Prire Yinister since 1913 and all
Presidents since 1911 had been in favour of the construction
of the Seaway, *he self-interest groups had successfully
Created a continuing Opposition to %ill the effort. Private
business, particularly big business, demonsStrated that its
Will was more potent thap €ither the will or +pe Strength of
governgent itsalf,

50 the matter of development of the St. Lawrencs Seavay
Tested until after 1950 when the discovery of great new iron
fields in the Labrador region, and the subseguent need foi a

node o©OF transportation to get the iron ore from the
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wilderness was created, The plan to get the iron ors out
was to bulld a 350 mile railroad to carry the ore to the St.
Lavrence River,

HoweVer, by now the once poverful Tidewater Association
¥as desad, A group called +the RNational Ste Lawrence
Association was doing what it could to keep the Seaway
conCept alive, The director, Julius Barnes and Dr. N.R,
Danielién mad2 the decision that this woluld be an opportune
time tc restructure the Association into a Strong fighting
torce once again,

They were successful in mclding a new Great Lakes-5%.
Lawrence Association, with the introduction of power
interests into the group through a Duluth banker, ILewis
Castle, as its eXecutive committes chairman and Danielian as
exacutive vige prfesident, an effactive fighting unit was
re-established,

The development of the Seavay at this time was considered
to have two additicnal major benefits: increased employment
opportunities both during and after construction; and
increased Stability of employment in the iron and steel
industry which was also felt to be a labour benefit arising
out of the Seavay project, along with the full dzvelopment
of labour in the New England region,

A second developmant which tavoured the Seaway with +he

iren  orse discovVery in Labrador ¥as that the Steel companies
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and the lake ships they owned now sayw arising out oOf the
transport of the Labrador iren OLe a strong personal profit
in the S§*%, Lavwrenca Seaway, and +the steel industry,
therefore, suddenlyY became a strong supporter of the Seavay,

The 1increased up-bound cargoes resulting from the move-
mént of ircn ore, balancing the down-bound cargoes of grain
also helped to Jjustify the development of +the Seaway,
Hilitary interests also favoured the Seaway, as it would
allow for submarins-free access route from ore field to mill
which was cited as being substantially in thas best interests
of national defense., In addition a lot of people, as a
Lesult of the Labrador iron ore strike, were beginning +to
pay close, positive attention +o the Seaway.

Suddenly, things began lcocking up.

The impertance of the Seaway and Power Project to
national security was outlined in a document prepared by the
national Security ResoOurces Board, It stated:

If the Seaway is nct built, a delay of at least
18 months or more after the outbreak of war would
probably be needed to produce a dependable route +o
move the large amoun%t of ore vitally needed for war
production., The Seaway route is capable of being
nore thouroughly, easily and cheaply protected than
alternate routes involving long stratches of open
vater.3s

The next 1impetus for the developmant of the Seavay canme

from Canadian Prime Minister Louis 5t. Laurent, Tired of

$8Tbide, p. 33,

39



the wmany delays which had been U.S. instigated, Canada
decided that it woulad no longer willingly accept American
foot-dragging, <Canada made the announcement that it planned
to build its own all-Canadian Seaway,

After a bill in support of the Seaway was tabled by the
HOouse of public Horks Committee in 1951, S+, Laurent went
to Washington +to seeck President Truman®s support for the
all-Canadian Seavavy,

Although Truman desired U.S5. participation in +he Sea-
way, he agreed o help st. Laurent by approving American
participation in the power aspect of the Canadian project,
a5 he reasoned that a Canadian Seaway was better than no
Seaway at all,

After this step, the Canadian Parliament created the St.
Lavrence Ssaway Authority ang empowered it to build a Seavay
frem  Montreal +o- Lake Erie, either on its owan or in
COOperation With the United States,

With these developments the 0.5, Ccongress Lecane
dlarmed, realizing that tolils paid bY American shippers for
use of the Seaway would cover oSt of ths Cost, but that
Canada woulad contrel and own the Seaway - an access into the
heart of the American nation,

On January 28, 1952, President Truman toldgd Congress that
the question was "no longer whethar the St, Lavwrence Seaway

should be built, The gquestion before Congress now is
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whether +the y,s, 3hall participate in its construction ang
thus maintain joeint operation and control., P It 1is
obviously of great signiticance for us to have an equal
Vvoice With Canada, w39

Representative Blatnik of the Congress saids A bott-
leneck has been right here in Congress, where for too long
there has been a tendency to listen to the song of certain

selfish vested 4interests - the Eastern railroads, +he Coal

o v i 5 Lo vom i s e 2 2

interssts, the Erivate utility ;gggz_ggg_”§ggg_ Eastern__and

Gulf _port cities - who have opposed it on the grounds that

it might affect their own interests,®40

Nonetheless, in June 1952, by a vote of 43 to 40, +the
Senate killed +the Sgaway bill and once again the salf-
Serving interests of rail, privats utilities, Fast angd Gulfr
ports overpowersd the government, A totally Canadian Seaway
it was to be,

Once again the Canadian prinme minister returned to
Washington, ognce again to help develop the joint U,s,-
Canadian poyer aspPect of +the pProject. The Paderal Power
Commission, awvare Oof the 1moogd of congress in terms of
appropriating men2y for such an affort, asked PASNY to

become the agency designated to fylfil] the U.,s, part of

3°Ibid., p. 39,

#0Ibid,, p. 40, emphasis added,
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the power project,

However, even this development ran into legal battles and
appeals, and the delay caused by these legal battles and
arpPeals ultimately enabled . American participation in +the
building of the Seaway. In 1953, Dwight Eisenhower came
into officse,

Rlthough he was reluctant at first, eventually he sup-
ported U0,S, participation in the Seaway. Under his gui-
dance, and dus to pressures from Canada, both the U.S.
Senate, and Congress passed bills stating that the U.S,
would share in the construction Of the international section
of the Seaway.

Congress acted to create the St. Lawrence Seaway Develo-
pment Corporation, a counterpart of the St, Lawrence Seaway
Authority, to overses the censtruction of U.S, portions of
the Seaway.

There Was only one more obstacle to be crossed before
construction of the Seaway could start, This was put
forward by Gregory 5. Prinse, General Solicitor, Associa-
tion of American Railroads, who spoke in opposition %o +the
Seaway, pointing out that UThe evidence is clear and
convincing that a 27-foot canal [the sale depth as proposed

in 1930] is already an obsolete and ontmoded waterway for
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oc2an going vessals,®s1

Once again the same old arguments were gcne over and put
forward, but none the less two American bills in suppoert of
the Seaway were finally passed, one by a vote of 53 toc 51,
on May 6, 1954,

"and so, aftar defesats in 1918, 1934, 1942, 1944, 1948
and 1952, after Canadian delays in 1914 and 1922 and
procastination in the whcle docades of 1920-30, a joint
U, S.-Canadian Seaway was, at least aﬁd at last on paper, a
reality., The fight had been won,"sé2

Objectives of the Study

Now that +the gesneral problem has been outlined, ang a
brief analysis of the economic importance of the Seaway has
been given in conjuction with +the historical poiitical
struggle which unfclded prior to the building of the Seaway,
the focus will be directed to the three main objectives of
the thesis., These are to:

i)build a mathematical wmodel that can simulate grain
movements from the producer tO0 the varCious ports under
certain conditions and make it possible tO determine the

mipimun_total cost of transporting grain from points of

supply to the varions Canadian 2Xport terminals in Thunder

“1Ibid., p. 43,
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Bay, Montreal, Churchill, pPrince Rupert, Vancouver and
Victoria wundsr different toll structures, alternative capa-
cities, and export guantities in order to deterliine the
optimum utilization level of each of the ports,

ii)determine the effects of alternative Seaway toll
structures on the current distribution of grain to various
ports, under certain conditions,

iii)deteTnine the implicaticns of alternative toll struc-
tures for both public and private policies with respect to
upgrading the current grain handling and transportation

systen,
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CHAPTER IT1 REVIEW OF RELATED_STUDIES

Hartlsy (1957)¢3 This is a study which was done by J.R.
Hartley prior to the completion of the St, Lawrence Seaway.
Although this study was done only for the Unitad States, it
vas an attémpf ©0 measure the impacts that the building of
the St, Lawrence SeaWay would have on the demand for
alternative handling facilitiesg which currently existed for
the expert of grain, The levels at which the tolls were set
varied over the range of prcjected t011sS which Were under
discussion at the time, Hartley discussed various ways in
which the producers and importing nations as well as
consumers could benefit from the lower Costs associated with:
moving grain through the St, Lawrence Seaway.

The conclusions of that study indicated that the Seaway,
when completed, would have some significant effects on the
utilization of the various port facilities in the United
States, The conclusions also indicated that even a small
change in tolls on the Sea%ay would have some effect on the
amount of grain which moved through the Seaway and upon the

division 1ines between areas which would supply the grain

43J.R. Hartley, The Effects of the St, Lawrence Seaway
on_Grain Movements, {Indianna Bureau of Business Research,
Indianna University, 1957). ‘
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for shipment through the Ssawvay. His main criteria for
determining supply regions was minimum transport cost to
0czan ports.,

IRplicit in the conclusicn of that study was the id=a
that 1f tolls on the Seaway were to become high enough, the
benefits which resulted frem building the Seaway would be
lost and +the nmovement cf grain would revert back to the
distribution to poris which existed before the building of
the Se=awavy.

It is reasonable to expect similar results with regard to
the distripution of grain in Canada to the various Canadian
ports if the tolls on the Seaway increase abova current
levyels.

~..Lukasiewicz (1976)4* This is an interesting study

13
N 8 s e s

which was done on the workings of the railways in North
An2rica and points out many of the areas §f inefficisncy.
In his book, Lukasiewicz discusses how alternative manage-
ment of TailwaysS and alternative technologies could be nsad
to improve the efficiency of railvways. The study verifies
the idea that it would be pessikle to reroute grain to other
ports, even though +he current amounts presently noved
through specific ports are often constrained by the "capaci-

ty? of rail lines. MNany of the constraints could be removed
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443, Lukasiewicz, op. cit.
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from the system, increasing throughput capacities of the
ports at nominal costs, If higher tolls on the Seavay were
to b=zcceme a. reality, it is 1likely <tha%t some of the
posSsibilitises ‘recommendad by Lukasiewicz would come into
existence in order to offset the impact of higher tolls on
the Seaway. This 1s the tYpe of alternative assumed to be
available i1f the railways do in fact represent constraints
on the redistribution of grain through cther ports,

Bunker, A.R., {(1977)2% In this study movements of grain

and fertilizer for Logan County, Illinois, were simulated
using linear progranmmeing, Changes in the marketing and
transportation of grain and fertiliger products wWers mea=
sured after imposing Specified levels of waterway user
charges on bargde shipRents, The marketing and transporta-
tion of grain and fartilizer chalged only slightly at charge
levels that would <cover +the expenses of operation and
maintenance, Higher charges caused substantial switching
from truck-barge to rail shipments, and sonme large chalges
in the quantity of shipments through locations oCcurred, but
only small increases in the total marketing and +transporta-
tion bill resulted.

In the method of study fcllowed by Bunker, grain =leva-

453.R, Bunker, "Grair and Fertilizer Movements in
Response to Waterway User Charges,” Illinois Agriculitural
Ecomomics, Vol. 17, No. 1, {January, 1977), Pp. 19-25,
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tors and fertilizer distributers in and near the immediate
area were surveyed to determine the physical capaCity of
@ach facility to handle grain and fertilizer and also to
determine the actual movement of grain and fertilizer in
1973. From this data a linear programrning nodel was
constructad and uszd to select the resource allocation of
firms, and modes of transport that would minimize the total
cost Of transportation and marketing in the povement of
grain and fertilizer, Various levels of vwaterwvay user
Charge®s were then added to the cost of barge transportation
in the model, and the resulting changes in the grain and
fertilizer nmarketing patterns were measursd,

The study determined that the implementation of user
charges for water use would resduce +total traffic 4n the
area, and that scme reallocations from water to rail would
occur if user charges are implemented on the waterways., The
study also concluded that the total marketing and transpor-
tation cost was not large in percentage terms and that grain

movement__was__Rmore _sensitive than was dry fertilizer to

increases in user charges along the waterway.
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CHAPTER_III REVIEW OF RELATED THEORY

Now that the problem and objectives have been outlined,
in Chapter 1, and having reviewed the revelant literature in
Chapter 2, the neXt step is to develop a conceptual nodsel,
This ccnceptual model will demonstrate how the demand for
export dJgrain, transportation costs, and the three Canadian
Ports interact with one another, giving a theoretical
framevwork for analysing the impacts o©0f alternative toll
structures on the Seaway. From this conceptual framework,
it will be possible to develop a mathematical model with

which changes in the system can b2 simulated,

Ports_of The Systenm

Before a concsptual model of the system is established,
it would be helpful to provide a brief description of the

ports of the systen.

Port_of Thundel Bay

In 1976 there were 17 terminals in Thunder Bay with a
storage capacity of 90.3 million bushels. In the 1974-75

crop year, 300 million bushels of grain were axported
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through the Tast Coast,*®

Thunder Bay 1is the key port in tha entirs
castward grain handling anpd transportation systen.
The operations at Thunder Bay have a 4direct Dbearing
on the activities and ogerations of all eastern
grain ports. Thunder Bay provides the surge storage
capacity and 'grain cleaning facilities for all
grains movad east thereof, either to export or for
domestic use.*7?

Port_of Churchill

The navigation season 1is restricted +to approximately

three months, The main traffic handled at this port is

grain. The proximity of this port %o the producers of
Nothern Hanitoba and Saskatchewan has led prairie people to
push for greater uss of the port., In the crop year 1976-~77,
28 million bushels of grain moved through the port, The
elevator at Churchill has a Storage capacity of 5 million
bushels., The Hall Commissich report points out +that Chur-
chill does provide an alternative route for 5 percent of
Canada®s grain export and that any increase iR Seaway tolls
will dimprove the relative position of Churchill as a grain
port.4® This would seemr to indicate that it may be possible
to rTsroute grain currently moving through the Seaway to
other ports provided that tolls cn The Seaway incCreage,

4¢Government of Canada, Hall Conmission, Volume I, OP.
Citey P 199,

#7Tbid., p. 198,

%'albidag Pa 2069
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Pacific Coast_Portks

Export grain frem primary elevators destined to the West
Coast moves through terminal slevators at one of the three
western ports; Vancouver, Prince-Rupert or Victoria. The
terfinals 1in VancouVer have a total storage capacity of 25
million bushels while the storage capacity at Prince Rupert
is 2.2 million Dbushels., There is one terminal located in
yictoria which has a storage capacity of 1 million bushels,

The two main functions of these terminal elevators are
the transterring of grain from rail cars to vessels, and the
cleaning of grain while in the terminal. In the crop vyear
1975-76, the total receipts at west coast terminal €levators

yere 263.6 rillion pushels.

Alternative Tcoll Structures

The effects of fhe implementation of alternative toll
structures on the Saaway would be felt at four levels,
These are:

i)} producer
ii) industry
iii) national, and
iv) international
In order *o .be able to dsvelop a theory of how the

movements of grain through each port interacts with each of
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the four components menticned above, it is first essential
to look at the supply and demand conditions for grain which
2xist in Canada.

On the supply side four significant factors are
noteworthy: *® These factors ares

i} There are a very 1large number of producers, Wwho
cannot by themselves affect prices in any way.

ii)In rescent years there have been "rapid’ increases in
supply. Because of the ccmpetitive structure of agriculture
and because of the rapid development of improved production
techniques, there is a constant tendency for the supply
curves of various commoditiés to shift to the right.

iiiyAsymmetrical changes in cutput in response to changes

in price have ocCcurred.

This is a result of the so called “*rachet respounse’ in
agriculture, This results from the tendency of Producers to
introduce improved technclogy and dincrease output when
pricass are high, leaving them with a large fixed cost in
proportion to wvariable costs which, in turn, makes it
difticnlt for the producers to reduce production when prices
are lovs

iv) Instability of ocutput exists, Due to the dependence

of output on v¥eather and other conditions of nature, the

49D,R, Campbell, op. cit., p. 195,
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total agricultural output varies between years.
On the demand side in Canadian agriculture two important
factors ns=2d to be kept in mind:

i) The total demand for agricultural products is
inCreasing through time. In the domestic market, increases
in the demand for food occur mainly as a result of increases
in population.S0 On the export side theCe are t¥o aspects.
First, din developed countriesy the situation is similar to
that in the domestic market. Increases in the demand for
food will =not result from dincreases in real income per
Capita, but will Occur only as populaton rises. Second, in
developing ccuntries increasSesS in demand for food will
result from inCreases in population and from increases in
income per capita,st

ii)There is a higher price elasticity of demand for
Canadian farm products in export markets +than in the
domestic market. The Teascn for this is the large number of

substitutes for any particular agricultural product. Since,

in relation to total international agricultural trade, each
country is relatively small, the elasticity of demand for

the exports of one country 1is much greater than for the

D AT AT T AT D 6 R D AGD SUTD TS L ATH WS 4D 6

sep, T, Karamchandani, "Changes in Food Expenditure Pat-
terns,¥ Canadian Farm Econclics, Vvol, 11, No. 5, {October,
1976), pp. 16=29.

31D,R, Campbell, ops <Cit., p. 200,
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exports of all producers of the ccmmodity., This situation
is somewhat analagous to that of a single producer who has a
highly elastic demand for his own output wher=as the
industry has a much less elastic demand,

Thus, although the'elasticity of demand in the domestic
market is 1low, due to the relatively higher elasticity of
demand in the export markest a lower limit on domestic prices
is set by the possipility Of exports and an upper 1limit Dby
the possibility of imports,

This situation is illustrated in Figure 3 in which 2B
represants domestic demand, DE represents domestic supply,
BC —represents foreign demand {ie. the possibility of
exports) and EF represents <foreign supply, that is the
possibility of ipmports,

The segments BC and EF are virtuwally horizontal indicat-
ing vary high elasticities of demand and supply for the
small amounts of Canadian exports and imports relative to
total world trade,

Figure 3 indicates that the price would be at P° and that
at the price P° there are no imports or exports. Figure 4
indicates the position fcllowing an increase in demand
relative to Figure 3, Imports %ill amount to GH and price

will be more cor less stapilized at J°.
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The prodlem is *to deterkinse what the impacts upon the
grain handling and distribution system would be Under
different toll rates on the St, Lawrence Seaway. Fromnm
previous discussion it seems unlikely that the tolls on the
Seaway will be reduced from the present levels., Therefore,
only the implications of higher tolls on the Seaway are
enphasized 1in the this study. However, some analysis will
be done with regard to the effects of lower +tolls, The
effects of alternative toll structures upon i) producers,
iijythe transpcertation industry, iii)Canada, and iv) the

international economy iRk geleral are eXamined below.

Effects on_ Producers

Froem a producer®s point of view, given that he pays the
tolls weither directly or dindirectly, if he is currently
indifferent as to whether he delivers his grain east or west
in terms Of the price or cost he faces, the immediate sffect
of increased tolls would be that he would now have a desire
to move his grain in a westsardly direction. Some producers
which previously shipped grain eastward will no¥W bs indif-
ferent as to which direction they now move their grain. Aany
producer who is located to the east of thes indifference line
pefore tolls were raised will find that it now costs him

more to move his grain to export position., Conceptually,
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this effect is demonstrated by Bressler and King.S%* They
define the ?site price? of a farm good as being equal to the

market price less the transfer cost., This can be written

as:
P{f) = P{B) = T = P{(n) - £{D) (1. 0)
where T = £{D)
P{f) = farm gate price
P{m) = market price
T = transfer cost

and transfer cost is a function of distance.®% Combining
this definition of site price with Fetter?s lay of market
areas, it follows that %the boundary between competing
markets 1is the locus of points s0 situated that the site
prices for shipments made t¢ competing markets are egqual,.

In algebraic terms, this law can be expressed as follows,1396

P(a) - t{a) = P{b) - t{(b) (1.1
or P{a) = P{(b) = t(a) = t(b} {1,2)
where P = mparket price
t = farm to market transfer cost

and sSubscripts refer to alternative markets A4 and B,

S4R.G, Bressier and R.A. Kingy, Macrkets,_ _Prices _and
International Trade, {New Yorks John Wiley and Sons, Inc.,
1970} pp. 124-129.

$5Ibid., p. 125.

%6ioc, cit,
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Figure 5 shows the site price surface of farm prices
around two competing markets, & and B. Assuming that the
market price in both markets is fixad, the sffects of two
diffarent transfer prices to markst B are illustrated:

i) transfer prices are equal, with a maximup site price
of {(c) to market B,
ii)the terminal cost at market B is increased, resulting
in a maximum site price of (d). Conceptually, this is the
same as raising tolls on the Seaway, as the tolls, once in
place, can be viewed as a fixed cost and are DOt related to
the langth of haul., This car be also be thought of as
reducing the market price at B,

Examining case 1, it can be concluded from equation 1.2,
that with egual rates of transfer costs, and equal prices,
the competitive boundary will comsist of a locus of points
where the difference in transfer costs 1is sggqual to zero,
that is, where the transfer cost to A is exactly =gual o
the transfer cost to B, This is indicated in TFigure 5 by
points such as (h), where the alternative distances are
equal, and hence, the alternative site prices are egual.

If the terminal cost to B is 1increased as in case 2,
reducing +the maximum site price to {d), the market bOundaly
is pushed toward B. Some producers to the ‘e€ast? of the
perpindicular bisector now find it profitable to ship to A

rather than to B. The new boundary is again the Ilocus of
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points where the differences in market prices and transfer
costs are =2qual, The ney boundary 1is shown by the line

lkmn.
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Effects on the Transpori Industry

Higher tolls at the Seaway will create pressures to
shift grain which currently moves +through Thunder Bay to
other ports, as suggested by the Hall commission report.>7

From Figure 6 it can be seen how transport rates affect
the gquantity demanded and supplied at an iadividual port.
The overall supply and demand functions at the ©ports are
represented by D and S. When transport costs are imple-
mented, a derived supply and demand sSuch as D? apnd S?* are
obtained. The transport cost is represented by ab and the
quantity moved through the port is Q. If transfeT coSts are
raised to cd then nsv derived supply and demand eguations
such as S*'? and D?? result, with a new {lower) guantity
novement of Q'. Thus by increasing the transport cCosts from
{ab) to {cd), the amount of the ccmmodity moved through the
port facility is reduced by Q = Q%

In a similar analysis of the port of Thunder Bay and the
linking‘s‘t° La¥Wrence Seaway, this model demonstrates that
increzasing the tolls {transport costs)} on the Seaway, would
result in reduced total movement of commodities through the
St. Lawrence S5€avay.

s?Government of Canada, Hall Commission, Volume I, 0Op.
cit. p. 206,
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The Effects of Transport Costs on the

Demand for Port Facilities
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On a short rumn {year tc yY€ar) basis the supply of grain
for export is relatively fixed, while the export demand for
grain 1is relatively elastic.®® The aggregate supply and
demand can be broken down into the supply and demand at each
of the ports, This is shown in Figure 7, in which it can be
sean that a horizontal summing of the supply and demand for
each of the three ports gives the aggregate supply and
demand position for Canadian grain exports, Algebraically

...... this can be sxprassed as: -
g = Qtx + Qu¥ + Qc*, and
PQ = {(Pt¥) (Qt*) + (Pu*) (Qu*) + (Pc¥) (UcH)

Under ciurrent conditions, an equilibrium® position
e2xists, If tolls on the JSeaway are raised, adjustments
towards the develoPment of a new point of egquilibrium in the
system would take ©place. This new equilibrium could, in
fact, offset the econoBic impacts of higher tolls, vwhich

would fall on the industry as a whOle and ultimately upon

the Canadian sconomy as a result of raising of the toll

rates on the Sgavwavy.

58Campbell, op. cit. p. 199,
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Figure 7

Conceptual Model of Supply and Demand for

the Port Facilities in Canada
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Pp® = ths new price that the producer optains

for grain exported through Thunder Bay

There are various directions in which the transport
industry could move as a result of the consequences of
higher tarriffs on the Seaway. These are:

i)the system could stay eXactlY as it is now,
iiythe tendency for rationalization of rail and elevator
systems could be either accelerated or slowed dov¥n,

‘1ii) ney technologies could be implemenied {such as inland
terminals) which could result in savings and thus lower the
costs to the systen,

iv)the capacities of +the alternative ports «could be

inproved by various %echniques such as:

o
o
0]

ajincreasing the length of the work week at
Vancouver terminal,

b)increase the length of ssason at Churchill; possib-
ly by restructuring insurance ratss,

C)increase the capacity of the various +terminals to
stor2 grain.

~d)more fully utilize +the potential capacity at the

west coast. For example, the capacity at Prince Rupert
could be utilized to the greatest possible extent. Fufther

increases in throughput at the west coast could be obtained
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if th2 novement Of grain thTolUgh the mountains was streamn-
lined causing less bottlenecks in the Systen to occur., In
additicn, the handling capacity oOf the wesSt coast ports
could be increased,

It 1s this, the fourth aspect of change, which would
allow for the redistribution of grain cuarrently moved
thTough the Seaway to other Canadian ports; it is this
aspect in which the remainder of this study is particularly
interestad and which has previously been outlined in the
problen statement and objectives,

Conceptually, adjustments in *he amount of grain which
moves through each of the ports as a result of higher tolls
on the St,. Lawrence s€away Can be seen py referTing to
Figure 7. 1Ipitially, an increase in toll levels on the St.
Lawrence Seawvay will result in a reduction of the amount of
grain moving through %the St, Lawrence Seaway, by an amount
equal to Qt* - Qt?, as a result of the derived demand curve
shifting to the left, -Due to the inelastic aggregate supply
curve S5, {short rum), there will now be more grain available
in Canada for export than is demanded, unlsss +the supply
curves at the other ports shift to the right, that is, a
shift in the supply curves from S¥ to Sw' at the west coast
and from SC to Sc?' at Churchill, These shifts in the supply
curves result in increases in the quantities of grain moved

through Churchill and the west coast fronm gc* to  Qc? and
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from Qw* to Qw' <respectively. Assuming no reduction in
exports the increased movement at Churchill and the west
coast will offset the reduced movament through Thunder Bay
as from a theoretical perspective:

Qt* - Qt? = [Qc? = Qc*] + [Qw' ~ Qu*

The total revenae from grain sales will remain unchanged

after adjustments at each of the ports as:

PO {Pt*) {Qt%) + (Pwx) {(Qw*) + {(Pc¥) (QC*)

i

(Pr?) {Qt?) + ({(Pw?) (Qw?') + (Pc') (Qc?).

However, the revenue which the producers receive will bhe
reduced by ths amount:

PO = [ (Pp') (Qt%) + (Pw?) (Quw') + (Pc?Qc?) I

Although it is not shown in Figure 7, the gquantities of
grain moved through the ¥est coast and Churchill could be
inCreased further by shifts to +the right of the demand
curves at each of these ports,

Conversly {not shown); if tolls on the St. Lawrence
Seaway were lowered, the process of adjusthent would follow
the same pattern as with increased tolls, but the direction
of the shifts would be reversed, resulting 1in increased
movements of grain through the St. Lawrence Seaway.

The incentive for both the Government of Canada and the
grain handling and transportation system to offset the
impacts of higher tblls will be substantial. For Aif

adjustments made by the transportation industry are not able
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to offset or absorb the impacts of higher tolls ths impacts
that would fall on the Canadian econony, and in particular

the economy of western Canada, could be quite significant,

Effects _On_the Canadian Eccnomys _Some_Conjectures

In terms of income and employment, simplest method oOf
predicting the potential =ffects on the aconomy would pe, to

us2 the well known IS/LHM model.

Figure 8
Interest and Income in Response to

Changes in Trade and the Honsy Supply

IS LM

HhEDES S

INCOME

69



If the price Of wheat for export ultimately rises as a
result of higher tclls on +the Seavay, or even if production
of grain for export is cut back as producers absorb the
higher costs, the immediate and mcst obvious Cesult would be
a reduction in the amount of grain exportead. HOwsver, it is
possible that tolls could be shifted in the form of higher
prices if a cartel wers formed betwsen Canada and the United
States, If this «cartel were established, the effects of
alternative tcll 1levels on the St Lavwrence could be
greatly reduced., However, this cartel does not currently
exist., Therefore, higher =export prices for wheat will
result inp a reduction in the amount of grain exported. The
economic consequence of this can be divided into two parts,

i)the IS5 curve, which represents points of equilibrium
in the produCt market, would Shift to the left resulting in
lower levels of inceome, and pPOssibly 1lower levels of
interést, The magnitudes of each will be determined by the
region of the LM curve which contains the equilibrium. The
LK curve can be in any one of three regions, These are:
a)Keynesian‘
b)transitional
c)Classical
The result of such a Shift would be to lower +he levels

of income and emplcyment in the Canadian =sconony.
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ii)a second impact on the Capnadian economy could conme
about as a result of less exports of grain due to higher
prices resulting fronm higher tclls as less foreign exchange
would be spent in Canada on goods for export. Rather it is
reasonable to0 assume that the imperting nations would spend
theil Scarce foreign exchangs on food supplies purchased
elsewhere, This Wwill result in a net decrease in Canadian
foreign exchange earnings, which means a reduction in the
supply of money in Cahada. As the LM curve represents
points of equilibrium in the honey market, a reduction in
the money supply will result in the LA curve Shifting to the
left, This would further reduce the incone and employment
levels in Canada.5?

Conversely, as the Canadian economy slowed as a result of
less ezxports of graih, the value of the Canadian dellar
would decline in the world money market, This would have
the same effact as Teducing eXport prices. This would then
result in inCreasing exXports, with resuiting shifts +to the
Tight in the IS and LM curves, Possibly back to the original

equilibrium position,

S%Wonnacott, Paul, Macroeconomics, {Chicago: Richard D,
Irwin, Incorporated, 1974) pp. 117=-141,
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International Effact

it

In the internatiéaal trade between Countriss the result
of Canada exporting less wheat would be shown by a distur=-
bance in the balance-of-payments, other things being equal,
Canada would now be importing relatively more +than it
exports; assuming equilibrium existed before the distur-
bance, This will 1result in an outflow of capital from
Canada, which, in turn would lead to a reduction in the
value of Canadian currehcy., This would make Canadian goods
relatively cheaper in foreign markets which, in turn, would
increase Canadian exports, This would tend to offset a
reduction in demestic demand due to the lower money sSupply
in Canada and +thus a new equilibrium in the balancs-of-

payments would be created,
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CHAPTER IV _MODEL SPECIFICATION

introduction to the Model

In the previcus chapter, a conceptual model of how
Changes in the levels of tolls on the St. Lawrence Seawvay
affect i)prcducers, ii)the demand‘at the ports {industry),
iii)The Camnadian sconomy, and 1v)the international equili-
prium was discussed, In order to establish the magnitude of
the effects of alternative tolls on the St. Lawrence Seaway
on the first two items,®0 it is necessary to first determine

a system 1in which tramsport costs at the various relevant

levels, ranging all the way from the producer to the ocean

liners, are minimized.

There are several types of modals which could be used in
this particular study. Some of these are flow modsels such
as General Purpose Simulation Systems ({G.P.S5.S5) and the more
Common mathematical models such as linear programming (LP),
gquadratic programming (QP) oOr even regression analysis,

Nodels such as the G.,P.S,S. Or even a nodel in Fortran
could be built to determine +he impacts of changes of tolls
within the system. However, these types of models have

®0The affects on income, employment, and the balance of
payments, ©tc, are beyond the Scope of the project,

73



several disadvantagess:
i)they +tend to be relatively costly and time consumping

t0 build,

iiylike all models, they are simplifications of the real
world and may tail to Tepresent important elements or
relaticnsips, 8t

iii)a computer simulation mcdel can be used to measure
the impact of making changes in the system but it <can not
2asily determine the optimal reallocation 0f resources.
Since optimization is in fact the major objective of this
study, a G.P.P.S. type Of model would be Very difficult to
apply tc the problen atbhand and has, thsrefole, not been

selected for analysing the particular optimization problem

©in this study.

It may have been possible tc use a regression model for
this particular study. The main problem with regression
models, as with simulation models, is that they dc not
readily lend themSelves to the determination of an optimum
point. For this reason, a regression or other type of
econometric model was not considered further,

On  the other hand, a matheBatical programming technigue

Such as linear programming or guadratic Programming is

D D A AT S Ak

¢iBierman, Bonini and Hausman, Qunantitative Analysis for
Businsss Decisions, {Chicagos Richard D, Irwin, Inco-
rporated, 1973) p. 393,

T4



rather simple +to use when compared to the Construction ang
application of a nmors complex computer simulation  model.
Mathematical programming models have the addad advantage of
having the ability %o find the optimum point in a systenm,
Since the objective of this study 1is to optimize the
allocation ©f <Iesources Within the system, the use of
mathematical programMing waS considered preferable to the
us2 of a computer simulaticn, 2 PTogramming technique also
can give Jjust as powerful a Tesult asS can another tY¥pe of
model while at the same time being much simpler to use, For
these reasons, mathematical programming was chosenh over the
use of a computer simulation model.

One of the mere common types of programming models which
could bs used in this study is linear prograaming., However,
before selecting linzar programmping {LP)}) for +the analysis
the wmajor 1limitations and weaknesses of LpP must first be
dealt with. The following is a deScTiption of each of the
ma jor limitations of LP and either a description of how the
limitation was dealt with, or Justification for sach
limitation.

The first (and possibly most serious) problem with the LP
technique is the assumption of linearity. When dealing with
rail cbstsy the debate as to their linearity has gone on for
a Jlong tinme, Prior to +the second world var, it was

generally assumed that there were increasing returns to
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scale, As early as 1893, writers such as ¥ellington had
emprasized the higher propcrtion of fixed costs in railway
transport, 2

From a marginal cost analysis, the conclusion of increas-
ing returns +o0 scale is consistent, since the ?*fixed
capital? outlay needed for the movement of any amount of
traftfic does not change as output increases, at least until
the capacity of the system is fully utilized. However, the
concept of declining marginal cost in railway operations has
been contested, The argument that declining marginal cost
was typical of the early stages of railway was put fcrward
by Healy in 1940, when he said:

Under present conditicns of maturity, most main
line railroad facilities and the operation thereon
have had a chance to become closely adjusted to the
density of traffic handled and the revenue derivad
therefrom, sSo that average unit costs tend to be
nearly uniform over a wide range of densities anad
the cost of handling additional increments of
business are not likely to be much below the averags
cCosts,. »3

Heads, however, does not conclude in favour of one side of
the argument over the other. Instead, he suggests, what he

calls the conventional view, that, with the eXception of

pipelines, where economies exist for other modes they are
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S2Jchn Heads, The Econcmic_Basis for Transport Subsidies,
{Ottawa: Canadian Transport Commission, 1975) p. 15,

®3Ibid., pp. 16£. from De Helverda, Ho.A.A. "The
Iliusion of Fixed Costs,® international Economic Papers,
1952y Ppa ?55"177@
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likely to be less than for rail,vss

However, when determining +the cost of moving grain by
Tail, the Commission on thg Cost of T:aﬁsporting Grain By
Rail argued that: "Hhile accepting the principle of speci=
fity, the ccmmission is compelled to note that, contrary to
the Dbelief of some, the subsitution of specific costs for
System average or alloCated costs does not necassarily
result in substantial improvements in +the accurfacy or
reliability of the cost estimate.¥$S5 The Coumission argues
further that "specific costs, are in fact no better than the
technique or study used to obtain them."66 The Commission
then concludes that ®there is no difference betveen the
accounting dollars and the dollars derived on the unit cost
basis,"67?

With regard to the gquestion of linearity of railroad
cOSts provided that the utilization of facilities or densi-
ties of traffic is kept ir what can be reffered to as the
relevant range, iR conjunction with +the commission and
Healy, it is possible to conclude that the application of
linearity to railway costs, 4is a ~rCeaSonable assumption,

84Tbid., pp. 18F,

85The Comnission on the Cost of Transporting Grain by
Rail, Repori, Volume I, 1976, p. 32.

$%3oc. cit,

71bid., P. 33,
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Also, the additional effort necessary for the determinaton

o

of specific or actual costs may not giv any better
indication of costs,

A second wmajor limitation of LP is that uncertainty is
not allowed., LP models assume known values for costs,
constraint requirements, etc. when in reality such factors
bay not be known, In this study there are several unknown
parameters, However, it is possible to obtain estimates of
the supply capabilities of the exrorting regions and of the
handling capabilities of the ports,

The handling capacity at Cﬁurchill was determined in this
Study t0 be 25,000,000 bushels or 625,000 tons of grain
annually. This wvas estimated by studying the amount of
grain that had poved through Churchill ia recent years, 58
The Canada Grains Council has also forecast that in 1985
some 25 million bushels of grain will move through

.Churchilla%9

Due to the nature of the study the handling capacity at
Thunder Bay was relatively easy to determine as the Capacity
at Thunder Bay would not beconme a constraining point in the
analysis. As many as 600,000,000 bushels or 15,000,000 tons

58Government of Canada, Hall Commission, Vol. I11, op.
Cite, Po 52,

®®Grain Handling and Transportation Commission, Report of
The _Thunder Bay sub-Committee, (¥innipeg: Canada Grains
Council, 1977) p. 10.
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of grain had been moved thrcugh Thunder Bay in 1971/72, and
since the present throughput capacity at Thunder Bay is
sufficient to meat projected movements until 1985,70 it was

3 determined that +this amount could be handled again if
lecessary and the handling Capacity for simulation purposes,
therefore, wasS sst at 15,000,000 tons,

The determination of the handling capacity for the West
Coast ©Ports was a different pmpatter however, The problems
there are twofeld, First, in recant years the west coast
facilities have been_criticized £O0T not being able to meet
the demand with which they are currently facad, Second, it
is very difficult to measure or determine what the capacity
of the west coast ports actually is., Pirst of all, it is
unreasonable to use past movements of gréin moving through
the ports as the loss of the Burrard Terminal makes these
figures non-representative of current expectations of capa-
city. Another factor which makes past figure a poor choice
is that incTeaSes in the éize of the facilities in Vancouv-

. er, for which the expected completion date is November 1,
1978, will result in the handling capacity of the west coast
ports being - @ven Jreater, HOwever, +tke Canada Grains
Council?! has estimated +that by 1979, annual eXxports of

78Ibid., p. B6.

71Grain Handling and Transportation Connittee,

CLoast Study, (Wipnipeg:s <Canada Grains Council) p. 1
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450,0C0,000 bushels or 11,125,000 tons of grain will be
within the capability of +the west coast system,72 This
estimate was then us2d for the handling capacity at the west
coast,

With regard to the parameter of the costs of moving grain
by rail, for the purposes of simulation, there are at least
three alternatives for the rail ‘rates' or ‘?costs? to be
used in the model, Thess ares

1)Crow?'s ¥Nest Statuary Rates
ii)The recommendations of the Commission on the Costs of
Transporting Grain by Rail {CCTGR), and

iii) some other alternative,

Ideally, scme other alternative would be the actual costs
of moving grain by rail. In a world of perfact competition,
perfect information, etc., this cost would be adeguately
reflected in the Tail rates., Howsver, thess conditions do
not exist, In fact, imperfect competition in the form of
monopoly pow2r exists for all practical purposes with regard
to the nmovement of grain by rail. This hasS resulted in the
regulation of rail rates for the mOvement of grain.
Although the issue is beyond the sCope of this study, this
regulation has existed in the form of the Crow?’s Nest
Rates? and has besn hotly debated for some time,

DR D D A AT D A D D K D KD D S

721t should be noted that this figure does not allow for
bottlenecks in the transportation systen.
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For the purposes of this study, the calCulation of the
actual costs of tranpsorting grain by rail would be diffi-
cult, if not, impossible.?3 Fortunately, the use of actual
costs o¢f moving grain by rail 1is not nescessary in this
study, as the primary objective is not to dstermine total
cost, but to determine the demand for the various ports
under alternative toll structurss on the St. Lawrence

Seayay. Therefore, attempts at finding the ?'actual?! or

WL

specific? costs of transporting grain by rail will not  bs
nade, This leaves the remaining choice Of rail *rates?! {or
costs?) between the Crow Rates and CCTGR's recommendations.
The repcert of the Grain Handling and Transportation Commis-
sion recommended that the difference between the Crow Rates
and the actual cost of moving grain by rail be paid directly
to the railvays and +the <Crow Rates be maintained, 7% The
arguments in favour of the retention of the Crow’s Nest
rates are =xpressed earlisr in the report, where it is
stated that:
AnYything else would be a violation of promnises
made tc the prcducers of western Canada.... This
Comrission feels that the GoveTnment must continue

to subsidize the transportation of export grainm and
that the full cost, as determined by the Commission

731t took the CCITGR scme three vyear to study the
guesticn of what it costs the railways to move grain
{1974-1975) , '

7¢Government of Canada, Hall Ccmmission, Volume I, op.
cit., p. Db,
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on the Costs of Transpcrting Grain by Rail, must not
be impossd_ on the producers, The contribution
Western grain makes to Canada’s balance of payments
position demands that a substantial part of any
increase be borne by the federal government in the
National interest.7?5

Applying the same arguBent to this study, the impact of
higher tolls at the Seaway on the producers mnust be
minimized, as the <cost to the user is more important than
the cost to government due +to the importahce Of grain
exports to Canada., Therefore, simulations in this analysis
used the Crow?s Nest rates of transporting grain on the
railvays, The trTesult of this is that although total cost
might not be minimizZed, the cost to the user would be
minipized. The <costs of transpcrting grain by rail, to be
paid by government subsidy, of by the railways, can then be
calculated by using the results Of the Costs of Transporting
Grain by Rail, An additional reasOn for using the Crow
Rates in the2 analysis, is that this reflects current
conditions more accurately than would some other choice of
rail rates. This is an important factor as the model will
be sipulating ‘?*real world® market coditions. The prices
which the shippers are now payving are the (row Rates,
Therefore, when making the decisions as to which port to
deliver their grain, the deciding factor with ©regard to
transport ¢Ost will be Yhat the Crow Rate from the point of

75Ibid., p. 336, emphasis added.

82



supply to the port 1is, not the actual +transport cost
{whatever it may be). This arqgument can also be used to
strengthen the basis for using linesar cost functions in the
nodel, Since shippers are faced with only a linear cost, a
model which is going to sinmulate wmarket conditions and
actions should use linear <costs even if wunder cartain
conditions the costs becOme non linear,

A third limitation of LP is that there is no guarantee
that it will give integer wvalused solutionS. This is a
particularly serious problem when optimizing a system in
which cnly discrete increments in scale are possible, such
as when determining the optimum number of trucks to have in
an organiZation. However, in this study there is no
requirement that the sclution be integer valued. The
'resource® which iS5 to be allocated optimally in this study
is grain, and thers is no problem with divisibility of a
bush2l{s) of grain.

A fourth 1limitation of LP is that it assUmes that
decisions are made in a static enviroment, TheTe 15 no
consideraticn of the sequencing required for individual
activities, It 1is possible to consider the iterative
procedur2 used in determing the solution to an LP problem as
being the stages of a multi-period analysis. However, that

will not adeguately represent the decision process in such a
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procadure, 7%

In this study, the problem with the assumpticn of a
static enviroment 1s that at certain times bottlenecks may
develop at a port and may temporarily change the shipping
pattern, Thls problem could haVe been dealt with by running
simulaticons over short time PeTriocds such as a week, Howev-
er, there was cne major concernh associated with running the
simulaticns over short time perlods, If order to run the
simulations over short time periods, the data would have to
be disaggregated <€frcm annual +to weskly or monthly data,
since the only data available for the supply regions was
annual. In order to disaggregate the data several addition-
al assumpticns and a considerable amount of extra time would
have Dbeen reguirsd for the cecllection of additional data on
bottlenecks atc. It is not likely that the slight refine-
ments in the model would warrant the additional time and
agsumptions which would have been reguired in order to

simulate with a weekly <¢r mnonthly time period. 1In fact,

even if some other type o¢f simulation method had been
selected to deal with the problem of annual data, assSump-
tions such as; a constant (steady) flow of grain through the

port for the period which the port is opan would have to be

76Charlton, P.Jd., and Thompson, S.C., “Simulation of
Agricultural Systems,® Jourlal _Of AgTicultural Economics,
Voi. 21, No. 3, {September, 1973}, p. , 374,
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nade. Therefors, evan though LP assumas a static
enviroment, dus to the data availability for this study
other types of models also would have had %o assume either a
static environment or constant flows of grain from the
prairie points t¢ the ports for export.
In summary thefe are at least four limitations invloved
in the use of linear programming, Thess are:
iythe assumption of lihearity,
ii)the assumption of certalnty of information,
iiijyresults ars not guaranteéed to be in integer form, and
iv)ythe assumption of a static environment 1is required,
BRach of +these limitations has b2en Consldered., These
individual iimitatioas have been dealt with @as above or
these individual 1limitiations have been determined not to be
debilitating to this study for the purposa2s of simulation,
A major advantage of using LP is that an algorithinm for
the transportation problem, a problem in which the costs of

moving a hOmOgensous cémmodity from {n) points of supply to

{m) warehouses or points of demand are miniwmized, is readily
available for use and computer application. This particular
algorithim greatly sim@lifies the amount of time necessary
to analyse the different alternatives which must be consi-
dered in order to minimize the cost of transportation, The
model does this without reguiring any additional assumptions

other than those inherent in LP models.

85



The hypothesis upon which the study 1s formulated is that
at certain 1levels of tolls on the St. Lawrsnce Seaway, it
will become desirable to move grain which currently moves
via Thunder Bay through other Canadian ports such as the
West CoaSt or through Churchill if the handling capacity is
available, Through the use of the LP transportation algori-
+him it will be possible to determine at what Seaway toll
levels if any, it becches beneficial to shift grain movement

+hroughk cther ports.

The Hodel

e

The model will have as its purpos2 the minimiiaﬁion of
the dimpacts of alternative toll structures at the St,
Lawrence Seaway onh producers and the grain industry. The
obdjective function ié to minimize user transport charges,
including tolls, of moving export grain from the country
elevator to export position. The constraints on the model

are the available eXport supplies in each region?? and the

throughput capacities of the ports, Algebraically, the
model can be expressad as:

- » 3 n m
ninimize %2 = % x C.. X.

i=0 3=1 9 *J

773 rail plock is defined as a region,
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subject to:

m
£X =T, i=0,1,2....n
j=1 ™
n
TX . =W,
ioo 13 J =123 m
all X,. >0
iJ —

with C{iJ) representing the unit cost of nmoving grain

from region (i) to terminal (j).

x{ij) 1is the amount transferred from the i{th) region to

the j{th) terminal

F{i)

{3)

F{1)
in the
dunny
at the
the 49

order

= production capacity of region i

the throughput capacity or demand at terminal (i

1 =90,1,200:00049 then repressents the 49 rail blocks
Grain Handling and Transportation System. F{o) is a
supply block which is used only if the total capacity
ports is greater than the total available supply fron
rail blocks. C{oj) is set to be =gual +to =zero in

t0 ensSure that the total cost of moving grain is not

affected by the movement of grain from region {0) to vport
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{j}) as this grain is never actually moved because it doss
not exist,

W{j) J = 1,2,3 then represents the three port facilities
in Canada, namely Thunder-Bay=-East-Coast, Churchill, and the
gest-coast which includes Prince Rupert, Victoria and
Vancouver,

By analysing the model under different toll rates on the
Seaway, the dimpact of alternative toll structures on the
producers as well as the amount of rasource reallocation
which 1is optimal can be determined, The reason for this is
that the model will by 1its nature reallocate resources
efficiently leaving only the net impacts of changeS in the

system.,

Determination of the Constraints and the Underlying

Assumptions

Prior to the Znplementation of the model, an estimats oOf
the available grain for export from each of the rail blocks
had to be made, The reason why an estimate, instead of +the
actual amount, was wused, was the unavailability of data.
The primary data for the supply of grain for the 49 rail

blocks were obtainad for a six yesar period, 1971-72 through
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1976-77, f£rom the Canadian Grain Conmnission,?8 The data in
this source included total receipts of primary grains at
each of the prairis points and were disaggregated for wheat,
durum wheat, oats, barley, rye, flax and rapsseed., Howsver,
no 1information was available on the destinations to which
the grain moved from each block., In order to dzal with this
problem, it had to be assumed that a constant porportion of
receipts in sach rail block was subssequently exporied. This
assumption enabled the calculation of the supply of export

grain for =ach block to be:

Cikel) = B({k) = C(kl) / 4gt(kl; k=1,2,3,000 7

where C{kel) = the amoungi;f the Kth variety of grain
exported from block (1)

C{kl) = the amount of receipts of the Kth variety of

grain received in block (1), and
E{k) = total exports of the Kth variety of grain. This
calculation was done for weach Of the Various types of
grains, that is with kK = 1,2 3,...7 giving a final result of
the grain which was exported from cach of the blocks in a
particular year.
The next step in the establishment of the wmodel is to
Obtain a homogeneous product which could easily be handled
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¥8Canadian Grain Ccmmission, Summary of Primary FElevator
Receipts__at _Individual _Prairie Points, {Winnipeg: Canada
Grains  Council, Econonmics and Statlstics Division
1971=-1877) &
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by the transportation algorithim. The problem was that the
data for «raceipts and exports were in the form of bushels
while the freight rates were available in terms of weight.
In order to overcomwe this problem, 2ither the bushel volumes
could be changed to weights and then aggregated or the
freight rate per unit of weight could be changed +to a
freight rate per bushel for each type of grain, With the
latter, the average freight rate per block would vary each
year with <hanges in production and export patterns of the
various crops., Tharefore, the former alternative was chosen
for this study in order that changes in production patterns
can be shown in .different amounts of total production
instead of in different freight rates, A second advantage
of the former approach is that it gives a constant freight
rate over time making comparisons from year to year simpler
to understand.

One other calculation had to be made before the model
could be implemented and that waS the calculation of the
freight rate that would be charged for the movement of grain
from each of the points of supply - in this caSe each of the
49 rail blocks, The figures which were obtained from the
Canadian Wheat Board were in the form of cents per 100
welght for each of the supply points, This was transforned
into an average rate for each of +the blocks by weighting

each prairie point with the 10 year average receipts for
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that peint., Each of these weights was multiplisd by the
freight rate for that point and theses values were totaled
for each block in order to determine the average rate for
2ach block, These values were then divided by 20 to create
a rate per ton instead of a rate per 100 weight,

Given the above model Specification and data, it was
possible to rum simulations under different toll structures
on the St. Lawrence Seaway in order to determine the
impacts ¢of such changes,

The first step in the analysis determined what the bass
period O base year for the supply of grain for export was
to bs., One of the alternatives was %o use a single year and
simulate on the pasis bcf that year, similar to the study
done by CCTGR7? in which all calculations Were made relative
to the crop vyear 1973/74, The biggest weakness with that
type of analysis is that the year used as a basa period may
not have been a *typical’ year for the industry, making any
genefalizations which can be drawn from that type of study
ambpigious, The biggest advantage of such a study, however,
is that it avoids the additional time, expense and confusion
that are involved when simulation is done wusing different.
time periods and +then analysing the results from each
different period.

79Commission on the Cost of Transporting Grain by Rail,
op. Cit,
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The alternatives to wusing a single® base period for
analysis are to wuse a long term or short term averade. A
short term averags 1is not necessarily better than using a
single year for a Dpase period. Depending upon the years
involved the average value cf a two or thraee or even a fivs
year period may uot be any more 'typical? of the industry
than a one year base period is. A long term average has the
advantage ©f at least appearing to be ?typical?, Hcuwaver,
in the case of Cahadian eXport grain there are two problenms
with a8 long term averagse. First, since 1970, although the
total of Canadian exrorts has shOw®wn a Substantial amount of
variability, thers appears %c be a trend Of increasing total
exports over time. In addition, there is the ©problam that
forecasts for future exports of Canadian grain indicate that
there will be a tendency’to increase total exports over the
next fewv years.89 Therefcre, a long term average for
supplies will very 1likely underestimate the idiumpacts of
changes over the next fev years, if it were ussd in a
simulation., The best alternative to thess options is, then,
to use a fairly recent ysar as a basis for simulation and
assume that this yeal is *typical® in the grain industry.
That type of anaiysis ¥ill mor2 accurateiy reflect the
impacts which will ©result from incTeasing eXports in the
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BOGovernment of Canada, Hall Ccmmission, Vol. III, OPp.
cit., p» 54,



future than would either a long or short tern averagsa,
Sample simulations were done with both 1876/77 and
1975/76 crop years, Tables 26 and 27 of Appendix 1 show
. that redistribution of supplies c¢f grain from Thunder Bay to
the West Coast ports waé the same for both years. For this
reason further simulation was done only for the Crep year
1976/77, the latest year for which information was available

at the time Of writing,
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CHAPTER ¥:_ RESULTS_AND CONCLUSIONS

Ihe Range of Tells for Simulation Purposes

In order to evaluate the impact of tell changes at the
Seaway on the distribution of grain supplies at the various
ports, the model had to be run over some relevant range of
tollis, The 1979 toll level is at $0.59 per ton,®! giving a
basis for the range to be selected. Simulations Were then
run with a range of tolls from $0.00 to $2.00 per ton, with
increments of $0.05 per +on in order to determine the
impacts of alternative toll levels on the grain handiing and
transpertation systenm.

There were SeVeral reasons why a toll of $0.00 was
@stablished as a flo0x for the simalations, First, in a
study /af alternative toll structures, and their impact on
the movement of grain, higher as well as lower toll levels
must be considered in order for the analysis to be complete,
The tecll level of $0.00 is not so far from the current toll
levels that results frow simulation of tolls at +this level

would be meaningless. Sacond, the St., Lawrewnce Seavay is

81The St, Lawrence Seaway Authority, The Seaway, Opera-
tions, __Outlook, Statistics, 1977, {Ottawva: The St.
Lawrence Seaway Authority, 1977 p. 3.
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the only waterway in North America which has tolls,®2 and in
order to fully answer the question of how toll structures
affect demand at +he ports, teclls at levals of 50,00 would
have to be included, Although, conceptually, the concept of
negative tclls could have been analysed, there is no
existing situation in North America Where na2gative tolls
exist and the idea was given no further conSideration,.

The highest toll 1level simulated, $2.00 per ton, ¥as
selected as it enabled a 'reasonables range of alternative
toll levels to be analysed, while not extending €00 far
beyond current toll levels, and what could be considered as
a relevant range,

In order *o test the model’s ability to distribute grain
to various ports, a trial simulation was run with 1977,1978
supplies ©Of export grain and at the averags toll level for
that Crop year which was $0.4833 per ton. Tha actual
distribution of export grail tO the ports in 1977/1978 was

55% through Thunder Bay, 40% through the west coast and 5%

through Churchill, In the model, 52%, 45%, and 3% of the
total amount of export grain moved through Thunder Bay, the
west coast and Churchill respectively, when simulated with a
$50.48 toll, This is only a few parcentage points removed

from the actual movements through the respective ports.
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82The question of implementing user Charges on sone 7.5,
waterways is currently being debated,
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Given that the model simulated the Yreal world® condi-
tions reasonably well in terms of *he distribution of grain
to the various Canadian ports, it vas reasonable +to0 assune
that it will havVe the ability to simulate accurately undsr
alternative toll structureas, Given this assumption, it was
possible to simulate movements urder alternative toll struce-

tures on the St, Lawrence Seaway.,

There ars several participants in the grain transporta-
tion industry who will bes affected by raising tolls on the
St Lawrénce Seaway. These are:

i) the producers
ii)the ports
a)Thunder Bay - St, Lawrence Seawvay
D)Wast Coast Ports
¢)}Churchill
iii)the Canadian economy, and
iv)the world grain market,

In order to calculate how each oOf theSe groups is
affected, it is hecessary to .refer to Tables 4 and 5, Table
4 shows the optimun distributicn of export dJgrain +o0 the

ports, 83 with alternative toll structures on the St,

A A A D W T A TP D AT AT AT N A D

83Assuming no Capacity constraints at the pPoOris.
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Lawrence Seaway. The information for Table &4 is obtained
directly frcm the computer cutputs shown in Appendix 1., The
informaticn in Table 4 <can be thought of as the demand
schedule for cach of the ports with alternative toll levals
on the Seavway.

Table 5 Sho¥s the breakdcwn c¢f costs of moving the axport
graln tc port position under alternative toll structures.
The usercost represents the amcunt of transport costs paid
by +the producers, This includeS the payments made on the
Crow Rate and the toll on the Seaway. The Other Cost
represents the differenCe between what the producer pays,
and what the rail costs actually are as determined by the
CCTGR. The distripution of this difference is currently
split between the railvay and the government, The informa-
tion in these two tables is virtually all that is needed in
order to delineate the effects of alternative toll struc-

tures on the SeaV¥ay on each of the four groups,
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Table &4

The Number of tons {0C0) moving Through the Ports
Under Alternative Toll Levels

TOLL LEVEL CHURCHILL THUNDER BAY WEST COAST TOTAL
$0.00 625.00 13126,75 6449,15 20200.90
» 05 625,00 11991,65 7584,25 20200.,90
» 10 625,00 11991.65 7584.25 20200,.90
»15 625,00 11511, 10 8064,80 20200.90
020 €25.00 11511.10 8064,80 20200,.90
225 625,00 11170, 60 8405.30 20200,90
230 625,00 11170.60 8405,30 20200,90
235 525,00 11170, 60 8405,30 20200.90
» 40 625,00 10794,95 8780.95 20200.90
245 625,00 10463, 90 9112.00 20200,90
» 50 £25,00 10463, 90 9112.00 20200.90
) 625,00 9617,35 9958, 55 20200.90
560 €25,00 9134.00 10441, 40 20200.90
265 625,00 BU487,10 11088.80 20200.90
» 70 625,00 8LE7.10 11088.80 20200.90
575 625,00 8487,10 11088.80 20200,.90
- 80 €25.,00 8340,20 11235,70 20200.90
» 85 625,00 8340, 20 11235.70 20200.90
» 90 €25,00 80C4. 80 11571.10 20200.90
» 95 625,00 7651,10 11924,80 20200,90
1.00 25,00 7651.10 11924.80 20200.98
1. 25 625,00 6859, 05 12716.85 20200.90
1. 50 €25.00 6640,95 12934.95 20200.90
1.75 625,00 5749, 30 14426.60 206200,90
2.00 £25.00 36176,10 15959.80 202C0.90
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Table 5
System Costs Under Alternative Toll Structures

TOLL LEVEL USER COST CHANGE OTHER COSTSB4 CHANGE
$ {000) ${000) ${000) ${000)

30,00 85,036 - 142,010 -—-
.05 85,626 590 141,994 -16
2 10 86,227 601 141,996 21
215 86,833 605 42,127 130
220 87,375 543 142,073 =54
+25 87,870 594 142,246 173
230 88,521 551 142,234 -12
» 35 89,087 565 142,246 12
.40 89,623 536 142,460 214
o 45 9G, 159 536 142,704 243
« 50 90,676 516 142,692 -11
255 91,172 496 143,425 732
+60 91,615 443 143,886 4213
» 65 92,057 441 144,522 676
s 70 92,458 400 144,483 -39
075 92,905 447 144,522 39
.80 93,3190 404 144,685 163
- 85 93,742 432 144,711 26
290 94,124 381 145, 156 v 445
95 94,529 405 145,725 569
100 94,889 360 145,687 =37
1. 25 96,645 1,755 147,078 1,309
1. 50 98,347 1,702 147,604 526
1.75 99,766 1,817 151,560 3996
2-00 100,887 1,122 156,404 484
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840ther Costs include the rail costs for moving grain to export
position which are not included in +he Crow Rate, These other costs
were calculated using Snavely’s conversion figure for the Crow Rate as
determined by the Comission on the COst of Transporting Grain by Rail
{1974),
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1

tfects_on_Producers

The producers etfects ot higher tolls on the Seaway Cccur
in two different ways, First, the additional cost would ba
felt in the form of a slightly lower farm gate price on
grain moving through the Seaway. The total impact of this
would vary depending on the amount of grain moving through
the port of Thunder Bay. The amount of export grain in the
model moving through the Seaway vaTies from 3.6 million tons
with tolls s2t at $2.00 per ton o 13,1 million tons with
30,00 tolls on the Seaway {Table 4y, With tolis set at
$0.90 per ton, 8,005 million tons of €XpOrt grain move
through the Seaway and 11.571 nillion tons move through the
west coast {Table 4) At this +oll level, any further
movement of grain through the west coast ports beconmes
impossible dus to a lack of available capacity.

| From Table 4 it can be seen, assuming no rerouting of
grain, for a $0.07 4increase in tolls, the +total cost
increases $131,267.50 if the distribution of graian through
the ports does not chahge frem that simulated with $0.00
tolls, Similarly, 1t can be seen that if the distribution
of grain to the ports does not change from that simolated
for $2.00 tolls, the increase in total cost given a $0.01
increass in tolls is 336,161,000, This cost would be
distributed ‘eveniy’ tc all producers in western Canada dus
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to the pooling of export sales for the board grains, There
are approximately 155,000 permit bock holders in western
Canada, Thus, the increase in cost to an individaal
producer would be less +than 3$1.00., On the average =ach
farmer in western Canada produces 130 tons of grain for
export. 1In fact, rfor all practical purposes, this cost (the
cost of lower export prices for grain moving through the
Seavay) Would be zero,

SecOnd, there is a set of producers who will feel tha
impacts of higher tolls in a more serious and direct manner.
These are the producers who havVe to reroute their grain that
would have gone through Thundsr Bay had the toll levels bsen
lowser, The Ccost per producer, per blOck, iS sho¥n in Table
6. A ccmplets description of the block numbers and +heir
éorresponding names is shown in Table 28 in Appendix 1., The
‘costs? 1in Table 6 are calculated by multiplying the volunme
of grain (1976/1977) exported from that block by the
difference in the Crow Rates of moving grain to the west
coast instead of to Thunder Bay. This number 4is then
divided by the number of permit holders in that block in

order to determine the cost? per producer.,
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Table &

Cost Per Parmit Book Holder Of Rerouting Grain From
Thunder Bay to The West Coast

T R T T T T T T o T e D I I N T N T T S I M M e e mmien s i e e e e o et e e e o v e e o et e e e ot
T e e e e R N R R R N I R N I D N N N D O N N N T O I T e o s e oo o o e

BLOCK# COST PER BLOCK# COST PER
PRODUCEER PRODUCER
0D $0.00 61 30.00
01 0,00 52 C.00
03 0.00 63 0.00
05 0,00 64 0.00
07 0.00 71 300,72
09 0.00 72 230,73
11 0.00 73 226,39
i3 0.00 T4 0.00
15 205,08 75 142,48
17 102.89 76 4,87
19 87.35 77 109,40
21 39,55 78 110,93
23 47,99 . 79 136,18
25 123.08 81 5.24
27 102,14 82 0,00
29 1,46 83 0.00
31 183.67 84 0.00
33 259,91 85 C.00
35 313, 3¢ 86 0,00
37 0,00 87 0.00
39 0.00 90 0.00
41 0.00 95 0.00
43 0.00 98 0.00
45 0,00
47 0,00
49 0,00
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It can be seen from Table 6 that changes in the +oll
Tates have a limited effect upon individual producers within
the affected block, These increases can be as little as
$1.46 per permit book holder per block per annum, However,
when the toll levels enter the current toll levels $0.59 per
ton the increase in Cost to the producer in the affected
block is over $100.00 per producer, When the %011 levels
become even higher, this cost per producer goes as high as
$300.00. This cost change has been calculated at +he Crow
Rates and 41if the rail rates are raised to compensatory
levels then these figures would be increased by 2.5 to 3.5
tinmes, ¥ith the =ever declining numbsr of producers, this
inCrease in cost per affected producer will become even
steseper,

From the discussion above, it can be concluded that the
cost to individual producers is not particularly lazge,
given the current rate structure for both toll rates and
Tail rates, However, the costs to producers become nore
significant, at least to certain groups of individuals, as
the toll rates increase to higher levels (beyond $1.00 per
ton) and if ccmpansatory Tail rates are used,

It should b2 made clear that the total cost to the user
determined by this model is biased downward from the actual

Cost,  The tiggest cause of this downward bias is the nature
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of the model, and the assumptions whiCh are mads in the
model. The model assumes a steady flow of grain from +the
point of supply to the bort as well as a steady or constant
demand at the ports., In actuality, a temporary shortage of
supply at one of the blocks, or a surge demand at one of the
ports could result in a less efficient distribution of grain
t0 the ports than is determined by the modei, The model
minimizes the total cost to the user. Although the Canadian
Wheat Board, when deteTmining deliveries to the ports
certainly Considers the transport cost, dus to the nature of
the Grain Handling and Transportation System the actual
costs will be higher +han +he optimum cOSt? levVel as
determinaed in a linear programwing model, When ths cost
determined by the model used in the study is compared with
the cost determined by:CCTGR,ES it was found to be under
estimated by as much as 19 rer cent. Therefore, any savings
which resuilted fron rercuting grain in the model may, in
fact, be somewhat less»than the savings which are actually
possible £Or the usSérs of the system.

It can be concluded from the above that in the event of
higher tolls on the St. TLawrence Sea¥Way, rerouting of grain
through other ports would, at least in part, offset the
costs, but that +total <Cost to the users would still
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85Ccommission on the Cest cf Transperting Grain by Rail,
Oop. cit,
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increase,

Apperndix 2 shows which rail blocks Supplied the east and
West coast under alternative toll Structures, From these
maps, it can be concluded that the boundary determining
which direction producers ship their SXpOort grain, moves
eastward as tolls on the St. Lawrence Seavay increasae,

Effects of AlterBative Tolls on the _Ports

oTs wen dtmce uah

The effects on the poris are in the form of redistribu-
tion of the receipts of export grain at the ports,

The information in Table 7 is derived from Table 4. The
rate of change of total <tonnagse Tepresents the absolute
Change in tconnage nmoved through the west coast divided by
the absolute Change in tolls for the various toll ranges,
Similarly, +the rate of change of user cost in Table 8 is
derived form Taple 5 The calculation of the rate of change
in Table 8 is done by dividing the absolute change in user
Cost by the absoluts Change in tcll for eackh toll range
specified,

Table 8 shows that over the simulated rénge of tolls, the
rate of increase in total cost to the producers decrsases as
the toll level increases. The Teason for this is that with
higher +to1l1 levels, 1less grain moves through the Seaway,
Tharefors, +the incTeaSe in total cost for a given increase
in tolls beconss shaller as the 7hage? toll increases, since

there is 1ess grain MOying through the facility., For the
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rates of changse in the nunber of tons of grain moved through
the west coast, as shown in Table 7 other than in the rahge
of $1.00 o $1.50 tolls, the rates of change in the number
of tons of grain nmoved through +the west coast increass,
These rates of change can be thought of as the elasticities
Of demand at the west coast, with various toll structures on
the St, Lawrence Seavay. In the $1.00 to $1.50 toll range
a peculiar situation deVeloped resulting in the rate of
Change in this rangs beilg much loWer than +the rates of
change in c¢ther ranges. The blocks involvad are #75, #27
and #15 namely Saskatoon, Prince Albert South and Kamsack
respectively,

As the block “Saskatoon” runs almost perfectly in an east
west direction, whereas cthar blocks such as Medicine Hat,
block #81, are often almost circular in shape or at leagt
Tun in a northvwest-southeast or northeast-southwest direc-
tion, the relative cost of Ierouting the grain from esast +o
west will be less +han Wwith a more typical blcck, “Prince
Ribert South” is also a bit unusual as it is a very long
block running north/south, In the $1.50 toll simulation,
this particular block moves grain to Churchill rather +han
to Thunder Bay for the first time, The unusual nature of
these two blocks results in the relative increase in total
cost of rerouting grain for this block being less than it

would be for other blocks,
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Table 7

Rates of Change in tons {C00) of
Movements of Grain Through The West Coast
Given a $C.01 Toll Increase

TOLL RAKGE RATE OF CHANGE COF TOTAL TONNAGE
0.00 = 0.50 53.257
0350 = 1@00 55@ 256
1.00 = 1.50 20,203
1.50 = 2,00 60,497
0.00 = 2,00 47.553
Table 8

Change in Dirsct Cost +to producers Due to a $0.01
Increase in Tcll Levels

TOLL RANGE RATE OF CHANGE GF COST TO USERS
50.00 - 0.5D $112814.20
0.50 = 1.00 84252,00
1.00 - 1,50 69161.60
1.50 - 2,00 50799.20
0,00 = 2,00 79256.75

......_........-.-__.__._—--—_......._-..._........»_...—......———-_._-_-..._.__-..—o..........‘--
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4ith these two blocks having this peculiarity, a swmaller
readjustment of grain moving from Thunder Bay to the west
coast is sufficient to obtain the same relativa savihg that
would occur with rerouting grain from a more typical blceck,
In other words, one would expect the rate of change in total
tonnage movad to the west coast to be somawhat greater than
what it acfually is in the simulated toll range of $1.,00-$1.
50, due to the psculiar nature of the blocks involved.

Given the above exception for the one particular range of
tolls, the rate of change of total tonnage moved through the
west coast 1s increasing as tolls on the St. Lawrsnce
Seaway inCreas=, This means that additional savings are
possible®%® yith increased movelents of grain vestward,
resuiting in a declining rate of change of total cost to the
uSer as the tolls are increased,

It 1S alSo possible to conclude that in the current toll
range o0f $0.50 to $1.00 a ton, a $0.01 per ton increass in
tolls will result in an additional 56,256 tons of grain
moving to the west coast, Also, a conclusion that is
perhaps even more significant, is that if tolls go above the
$0.90 per:ton level, the current capacity levels on the west
Coast will not be adequate to handle the demand. Although
the model simulated an increase in total Cost of $59980,40
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B5As more drain moves westward the impacts of toll
increase becomne less.

108



per $0.01 increase in toll, in the range of $1.00 to $2.00
tells per ton, once the west coast reaches its maximum
handling capacity, at the level of 30,95 per ton, the actual
increase 1in total costs given a 1 cent increase in the toll
level was found to be $76,511,00. Thus $75,511,00-559,980.,
4=3%16,530.60 per annum would be lost to the users of the
system each year.%7 This loss could be recaptured provided
that the handling capacity at the west coast ports was
increased. The total cost to the systems would be 2,6788
times this amount or approximately 345,000 per annun,

This is relatively small cost when Compared to the total
transportation costs. Thus the pressure fron higher +tolls
on the St. Lawrence Seaway will be unlikely, by itself, to
result in increased capacity at the west coast ports, unless
the toll increase is as high as $0.20 to $0.30 a ton.89
Ho¥ever this pressure in combination with other rressures
Such as increasing total exports could very well call for an
expPansion of the Wast coast facilities, wunless Canada is

willing to face the possibility of lost sales of export

D A A T WD A W

87Assuming current export prices and the crow or statu-
tory grain rates for the railways are in existence.

88CCTGRYs figure for increasing the crov rates in order
for them to be cempensatory.

89The increase being phased in by the S3St. Lawrence

Seaway Authority from 1978 through to 1980 is a $0.20 per
ton increase,
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grain.

The effects on the ports themselves in terms of through-
put are vrelatively easy +to determine, Table 4 givses a
breakdown of the distributicn tc¢ the ports under diffarent
toll structures.

Perhaps the most important implication of these figures
is that the handling capacity for the west coast ports which
has been determined t0 be 11.875 million tons®° will no
longer bte able to meet the demand for their facilities when
tolls on the SeawaY reach 30,95 per ton. The cost of not
increasing the capacity at the west coast, given exports at
a 1977 1lsvel, has been determined above to Dbe $16,530 per
annum per $0.01 toll increase. This is a relatively small
cost to the system as a whole, HOwever, if there are lost
sales due to an excaess demand at the west c¢oast then the
cost would become significantly higher,

The port of <Churchill is unaffected by changes in the
tolls, OUnder all simulated conditions, the capacity at the
port of Churchill was fully uwtilized,

For the ports of Thunder Bay and the St. Lawrence
Seaway, the impaCts of higher tolls will be felt in the fornm
of decreasad demand for port and Seaway facilities. The

major ben=fit of higher tolls on the Seaway would be felt in
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°¢Grain Handling and Transportation Committes, Pacific
Coast _Study, opscit., p. 160,
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the fcrm of incresased revenue for the Seaway which wouild
make the operation cf the Seaway a mor=s viable one, Tha
increase 1in Trevenue to +the Seaway from a $0.01 increase in
toll levels is approximately $91,340 given that the increase
in tolls originates from a toll of $0.50 per ton, that 1is,
$9,134,000,00 times $0.071., As grain movements through the
Seaway Trepresent about 1/3 of total tonnage moved through
the SeaWa¥, the total increase in revenue would be in the
range Of $300,000. If such increases im revenue will bDe
enough +to enable the Seaway to be a self supporting
operation rather than have the structure deteriorate and
become obsolet2,9! then it may be in the interest of the

transportation industry to have higher tolls.

Thes Capadian_Situation

The magnitude cof the impact that higher tolls will have
on the railways and taXpayers can be seen in Table 5 in the
column labelled Other Costs, Over the entire range of
tolls, the increase in Other Costs per 30.01 ‘increase in
tolls 1is $6.695 million., For the range of tolls from $0,00
to $1,00 the increase in other Costs per 30,071 in tolls is
$1.8385 million. This increase in other costs is small when

Compared tc the total of these Other Costs, If the Rail

°t4 development which could cost the grain handling and
transportation system far mcre than higher tolls will,
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rates vere t0o becons compensatory then a cost of this
magnitude wculd be payed by the producers,

It is unliikely that tcll increases on the St. Lawrence
Seaway will have any supStantial effect on Canada’s position
as an exporter of grain, AS long as th2 railways can
continue to deliver the grain to the west coast ports and
the ports can handle the Changing volumes therfe Should be no
change in Canada®'s position as an exporter., However, with
an ever increasing demand fer west coast facilities the cost
of any stoppage of work at the west coast due %o a strike,
or bottlenecks in the rail System, becomes relatively
higher. Inv fact problems such as these do affect Canada’s
credibility as a supplier of grain for exportand increasing
the +tolls on the Seaway do ir fact increase the risk that
exports will be lost,

This would mean that, given higher t011S on the Seavay,
in order *o0 ensure Canada's position as an exporter,
additicnal efforts in terms of labour/management relations
as w2ll as  in the streamlining of grain movenmsnts through
the Rocky Mountains would be DeCcesSSary.

Horld Situation

Canada only has a small share in the world market,®2 Tha

magnitude of +the impacts on +the world grain market are
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92Canada has 15% to 20% cof total world +trade,

112



further diminished as the redistribution of grain fo other
ports is less than 1% of Canada’s total gxports, for a $0.01
increase in tolls, Therefore it is uniikely that changes in
tolls on the St. Lawrence Seaway would have any impacts on

the world grain market,
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CHAPTER Viz IMPLICATIONS, LIMITATIONS AND RECOMMENDATICONS

Policy Implications

Whether or not to alter the Seawvay toll structure is the
central policy gquastion, At first the answer to that
quasticn may seem rather obvious, However, there are nmany
underlying features to this question., For example, one of
the many concessions necessary in order for passage of the
legislation favouring constructing the Seaway was that the
Seaway be Self supporting. This concept 1s more complex
than it appears as many similar types of transport systems
are either partially or fully subsidized by goverannment,
Determinaticn as to whether the SeawaV should be required to
be self supporting was beyond the Scope of this study.
However, when toll structures are to be altered, the Seavay
can not be considered simply as a closed system, Arguments
Such as those proposed by the St., Lawrence Seaway Authori-
ty, which stated:

In assessing the possikle impact of the proposed
increase (an increase in tcll levels on the Seavay
is being phased in over the thres year period fron
1978-1980), it was found that present tolls on the
Seavay constitute a very small portior of both
transportation costs and the value of the major
commodities moving via the vaterways. ... One would

@xPect, therefore, that the proposed increase will
have 1little or no adverse impact upon the forecast
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rate of growth in Seaway traffic®s

must be considered to be shortsightad at best., Although the
conclusion may be correct, many cther factors should also be
considered in the analysis.,

These factors <can have implications not only for the
Seaway itself, but also for other parts of the transporta=
tion system and thz Canadian gconomy. With respect to a
commodity such as export grain, for which the elasticity of
demand is high and for which alternative delivery routes for
export wexist, even a small chahge in the cost of moving a
commodity through a particular route may result in changes
in the amount of the commodity moved through that particunlar
route.

In this study, it was observed from both a theoretical
perspective and application of the model used, that changes
in the toll levels will have an <ffect on +the amount of
grain moving through the St. Lawrenée Seaway. If tolls are
raised on the Seaway,9% several implications follow and need
to be considerad, Higher iolls on the Seaway will result in
more export grain moving through the west coast and,
therefore, less export grainr moving through the Seaway.

935t., Lawrence Seaway Authority, Opsrations,__Qut-
iook, Statisticsy OP. <Citass p» H.

®4A situation which is nuch more likely than the lowering
of tolls,
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Thus, several effscts or implications result fronm raising
the tolls on the Seawavy.

i) The revenue increases accruing to the Se#away Authori-
ty may be less than expected, due to a reduction in the
amount of grain moving through the Seaway.

ii)bue +to theé <conmplementary nature of grain and iron
ora%5, if the movement of one changes relative to the other,
resulting in higher costs, further reductions in the move-
ment of/goods through the Seaway may result., The reason is
that +the higher +fransport costs associated with ampty
backhaUls would be passad on to the user, This could result
in an overall reduction of demand for Seaway facilities,
This would <further reduce the increases in revenus to the
Seaway that were expected to result from higher tolls.

iii)An inCrease in the amount of grain handled a+t +he
west coast will place additicnal pressure on Canada’s grain
handling and transportation system., Several related impli~-
cations arise from this., These are: a)as more grain moves
towards the west, the average length of haul for moying
grain to rort position would likely increase, Thus, in
addition to higher costs of moving grain to port Dby rail,

due to the extra travelling distances involved, the already

95The same ships can be used o transport grain downs-
tream and iron ore upstreanm, This r2duces the coOsts
associated with empty backhauls. Thus the transport cost of
moving grain and iron ore through the Seaway is kept low,
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strained rail system would have addi+ional prassures placed
upon it to perform efficiently; b)related to this are the
additional prcblems and pressures which will arise due +to
increased noVemants of grain through the west coast. In
recent years, the grain handling and +transportation system
has not been able to get necessary grain supplies to the
wvest cecast during the winter months, Higher tolls, result-
ing in more demand for west ccast facilities may further

aggravate this problem. The final result will them be to

increase pressures %o enlarge the handling capacity ©f the
west coast terminals; c)with regard to Churchill, higher
tolls on the Seaway will give the proponents of Churchill
development additional ammunition, but it will not ease the
constraints at Churchill resulting from the limited length
Of season and the gensral condition of +the rail 1line +to
churchill, Higher tolls on the St, Lawrence Seaway are not
likely to make the capital investments necessary at

Churchill®® viapble frcm al eccnomic standpoint.

Alternatively, lowering the tolls onrn +the St. Lawrence
Seaway will increase +the demand for the Seavay and reduce
pra2ssures at the west coast and Churchill. The effects of

that would be to strengthen the cass for the alleviation of
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96The investments in rail and terminal facilities neces-
sary in order to increase +the handling «capacity at
Churchili,
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problems {such as bottlenecks at the canals) with regard to
the movement of commodities through the Seaway by expansion,
and of improving *the existing facilities.

Limitations_of_Study

There are several limitations ¢f the results and conclu-
sions developed in this study. The major queston dealt with
in this study was: would alternative tcll structurses on the
3t. Lawrences Seaway, result in a redistribution of grain to
Canadian ports? The model did nct consider the possiblity
of production patterns of producers changing to non export
{local) crops, as a result of alternative toll structures on
the Seawa?° ¥o attempt was made to do a marginal cost
analysis o©f rerouting .grain to other ports, All of the
analysis was done with the underlying assumption of lineaCi-
ty. The reasons for this were discussed in Chapter IV,
where it was argued that in the relevant range, average
system costs would be sufficient, since the pripary objec-
tive o¢f this study was not to determine total transport
cost, but is +to determine the demand for the various
Canadian gTain ports under altarnative toll structures on
the Seaway., The analysis that followed was consistent with
this objective, Hovwever, from the point of view of deter-
mining a wider range of imgplications of alternative toll
structures, as the analysis goes beyOnd current {eXisting)

conditions, the results of this study should be considered
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as broadly indicative rather than %actual? or *specific?,
Another limitation of the study is that congestion at the
ternrinal elevators, on +the rail 1lines or at the primary
2levators may manifest itself in the form of non 1linear
costs, This problem was not considered in the model used in
this analysis, AdmittedlY, congestion at various points in
the Grain Handling and Transportation System will be a
factor in the declision making process of shippers., Some of
the problems assoCiated with congestiion at various points in
the system were discussed in Chapter IV. At that point it
was argued that complications resulting from atteRpting to
model for a non static enviroment would in fact offset many
of the gains to be derived frcm the use of such a model,
With regard to the hypdthesis cn which the study is Dbased,
that is, as tclls on the Seaway incrzase the demand for west
coast port facilities will dincrease, as more grain is
shipped to the west coast cecngestion at the west coast may
increasse, This c¢ould 1in fact, resduce the tendency for
additional 9graln t0 be deliveTed to the west coast as tolls
on the Seaway inCrease. Therefors, the resulis derived from
this study indicate +trends in the demands at the various
Canadian ports under alternative toll structures oOn the St.
Lavwrence Seavay, bﬁt the results do not necessarily indicate
the ‘tactual? demand for =ach port for =ach alternative toll

structure on the Ssavay.
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Recommendations for Further Study

Several dimensicns for further study arise from this
analysis. These are to:

Ao study +the possibilty of <changes in produaction
patterns on the prairies as a result of alternative +toll
structures on the Seavay. Related +*o this would b2 the
study of the effects, if any, on the feed grain industry in
western Canada, ahd of the 1livesStock feeder indusiry in
castern Canada as alresult cf alternate toll levels on the
Seaway; .

Bo relax the assumption of linearity in costs and
study the marginal costs of rerouting grain to cother ports;
lirear analysis.

Cs determine the feasibility of reducing the bott-
lenecks at the west coast by lowering tolls at the Seaway
and/or lowering export prices of grains moving through the
Seaway, thus 1increasiBg the demand for the Sesaway and
reducing +the demand for west coast facilities, Concurrent
with this is the guestion: how Much would it cost +to have
ocean liners pick up export grain at the east cCast instead
of at the west coast,

D. analyse the overall efficiency of the Seaway vis a
vis rail for +the nmovements o©f =export commoditiss fron
Thunder Bay to thes east coast. Concurrent with this, it

yould be highlY wuseful to study the impacts of incresasing

120



the capacity of the St. Lawrence Seaway {by extending the
length o©of season and or removing bottlenscks which exist
along the waterwaY,) on the distripution of export grain to

the various Canadian pOIisS.
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Table 1

Optimum Distribution of Grain (000 tons) from Each Block
to Each of The Ports ¥ith Tolls S=2t at $2.00 per ton

BLOCK# CHURCHILYL THUNDER BAY WEST COAST TOTAL
00 0,00 0.00 185,10 185.10
01 0.00 17,65 0,00 77.65
03 0,00 391.00 0,00 391,00
05 0,00 242,35 . 0.00 242,35
G7 0.00 169. 80 0.00 165,80
[+5°] 0.00 293.00 0,00 293,00
11 204,50 0.00 0,00 204.50
13 420.50 39,90 0.00 460,40
15 0.00 0.00 32,45 432,45
17 _ 0,00 0. 00 353.70 353.70
19 0,00 0,00 375.65 375.65
271 0.00 0. 00 340,50 340,50
23 0. 00 0.00 331.05 331.05
25 0,00 0.00 416.70 410,70
27 0,00 G.00 361, 30 361,30
29 0,00 0,00 480,55 480,55
31 0,00 0.00 335,35 335.35
33 0,00 0.00 471.50 471.50
35 0.00 0.00 366,10 336,10
37 0.00 .00 280,05 280,05
39 0,00 0. 00 368,10 368,10
41 0.00 0. 00 342,05 382,05
43 0.00 0,00 334,10 334,10
45 0.00 0.00 163.50 163,50
47 0.00 0,00 449,70 449,70
49 0.00 0,00 335,25 335,25
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Table 1 {(continued)

BLOCK# CHORCHILL THUNDER BAyY HEST C0OAST TOTAL
o1 0,00 278,30 0.00 278,30
62 0,00 704,70 0.00 704,70
63 0.00 445,10 0.00 445,10
o4 0.00 501,80 0.00 501,80
71 0. 00 0,00 629,25 629,25
72 0.60 0.0C0 469.50 469,50
73 0,00 .00 463,45 463 .45
74 0.00 492,50 0,00 472,50
75 0.00 0.00 577.70 577.70
76 0.00 0.00 496,90 496,90
77 0.00 0.0C 846,55 846,55
78 ¢.00 0,00 647,40 647,40
79 0,00 0,00 482,85 482.85
81 0.00 0. 00 638,20 638,20
82 0. 00 0.0¢C 451,25 451,25
83 0.00 0. 00 770,10 770,10
84 0,00 0,00 571.30 571.30
85 0.00 0,00 309,30 309,30
86 0,00 .00 364,50 364,50
87 0,00 0,00 414,15 414,15
90 0-00 0,00 583.75 593.75
95 0,00 0,00 396,60 396,60
98 0.00 0.00 120,35 120.35

EXCESS 0.00 11383.90 290, 20 11674,10

TOTAL £25.00 15000.00 16250.00 31875.00
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Optimum Distribution of Grain
to Each of The Ports With To

CHURCHILL

Table 2

(CO0 tons)

from Each Block
lls Set at 3$1.75 per ton

—

BLOCK# THUNDER BaY
00 .00 0.00
61 0.00 37 65
03 0.00 391,00
05 6.00 242,35
07 0.00 169. 80
09 0.C0 2%3.00
11 192,60 11. 90
13 .00 360,45
15 432.490 0.00
17 0,00 G, 00
19 8.00 0.00
21 0.00 0,00
23 0.00 0.00
25 0.00 0,00
27 6,00 0.00
29 0.00 0.00
31 0.00 0.00
33 2.00 471,50
35 0,00 0.00
37 0.00 0.00
39 0,00 0.00
41 0.00 0,00
43 0.00 0.00
45 0.00 0.00
47 0.00 0.00
49 0,00 0,00
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WEST COAST TOTAL
185,10 185.10
6,00 77.65
0,00 391,00
0.00 242,35
0.00 169,80
0.00 293,00
0,00 208,50
0,00 360,45
0.00 432,40
353,7¢ 353.70
375,65 375,65
340,50 340,50
331.05 331.05
4310.70 410,70
361,30 361.30
480,55 480,55
335,35 335,35
0.C0 471.50
366,10 336.10
280,05 280,05
368,10 368,10
342,05 342,05
334.10 334,10
163.50 163.50
449,70 349,70
335,25 335,25



Table 2 {continued)

BLOCK# CHURCHILL THUNDER BAY 9EST COAST TOTAL
61 0. 00 278,30 0.,00 278,30
62 0.00 704,70 0.00 704,70
63 .00 445,10 0,00 445,10
64 0,00 501,80 0.00 501,80
71 0.00 529,25 0.00 629,25
72 0,00 0. 00 469,50 469,50
73 0.00 0.00 463,45 463,45
74 0,00 472,50 0.00 472,50
75 0.00 0.C0 577.70 577,70
76 0,00 0.00 496,90 496,90
77 0.00 0,00 B46,55 846,55
78 0.00 0.00 647,40 647,40
79 0.00 0.00 482.85 482,85
81 0,00 0.00 638,20 638,20
82 0,00 0.00 451,25 451,25
83 0,00 0.00 770,10 770.10
84 0.00 0.00 571,30 571.30
85 0,00 0,00 309,30 309,30
86 0,00 0.00 364,50 364,50
87 - 0.00 0,00 814,15 474,15
90 0.00 0. 00 593,75 583,75
95 0,00 0.00 396.60 396,60
98 0,00 .00 120.35 120.35

EXCESS 0.00 9850,.70 1823.,40 11674,10

TOTAL 625,00 15000, 00 16250.00 31875.00
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Table 3

Optimum Distribution of Grain (000 tons) from Each Block
to Each of The Ports With Tells Set at $1.50 per ton

BLOCK # CHURCHILL THUNDER BAY WEST COAST TOoTAL
G0 0.00 0,00 185,10 185.10
01 0,00 77.65 0,00 77,65
03 0.00 397,00 0.00 391.00
05 0.00 242,35 0.00 242,35
07 0.00 169,80 0.00 169.80
09 0.00 293,00 0,00 293,00
1 0,00 204,50 0.00 204,50
13 0.00 460,45 0.00 460,45
15 432.40 000 0,00 432,40
17 0,00 0,00 353,70 353,70
19 0.00 0.00 | 375.65 375,65
21 0.00 0,00 340,50 340,50
23 0.00 0.00 331.05 331,05
25 192,860 0,00 218,10 416,70
27 G.00 0.00 361.30 361,30
29 0,00 0.00 480.55 480,55
31 0.00 0,00 335,35 335,35
33 0,00 471,50 0.00 471,50
35 0.00 . 366,10 0,00 336,10
37 0,00 0,00 280,05 280,05
39 0.00 0.00 368,10 368,10
41 0,00 0.00 342,05 342,05
43 0,00 0,00 334,10 334,10
45 0. 00 0.C0 163,50 163,50
47 0.00 0.00 449,70 449,70
L9 0,00 0. 00 335,25 335.25
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Table 3 {(continue a)

_____......_‘-—_*.....__.-....._...._.__—.__..._......_.,_..~..__.......-__._-__u____.__._...._...... e e s o

BLOCK % CHURCHILL THUNDER BAY AEST COAST TO0TaAL

61 0.00 278.30 0.00 278,30
62 0,00 104,70 6.00 704,70
63 0.00 445,10 0,00 445,10
64 0,00 501,80 0.00 501.80
71 0,00 629,25 0.00 629,25
72 0.00 469.50 0,00 469,50
73 0,00 463.45 0.00 463,45
74 0.00 472.50 0.00 472.50
75 0.00 0.00 577.70 577.70
76 - 0.00 0.00 496,90 456,90
77 0.00 0.00 846,55 846,55
78 0,00 .00 647,40 647,40
79 0.00 0.00 482.85 482.85
81 0,00 0,00 638,20 £38,20
82 0,00 0,00 451,25 451,25
83 0.00 0.00 770,10 770,10
84 0. 00 G.00 571,30 571,30
85 0.00 0.00 309.30 309%.30
86 0.00 0.00 364,50 364,50
87 0.00 0. 00 414,15 414,15
90 0.00 0.00 293,75 583,75
95 0.00 0.00 396,50 396,60
98 0.00 0,00 120,35 120. 35
EXCESS 0,00 8359,05 815,05 9174.10
TOTAL 625,00 15000, 00 13750.00 29375.00
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Table 4

Optimum Distribution of Grain {000 tons) from Each Block
to Each of The Ports With Tolls Set at $1.25 per ton

. LTRSS S e e e - S e R e e e el e Bt

BLOCK # CHURCHILL THUNDER BAY HEST COAST TOTAL
00 0,00 0.00 185,10 185,10
01 v 0.00 77.65 0.00 7765
03 0,00 391,00 0.00 381,00
05 0.00 242,35 0.00 242,35
07 0,00 169,80 0.00 169,80
09 0.00 293.00 0,00 293,00
1 0.00 204,590 0,00 204,50
13 0.00 460,45 0.00 460,45
15 214,30 218,10 0.00 432,40
17 0.00 0. 00 353,790 353,70
9 .00 0.00 375.65 375,65
21 0.00 0.00 380,50 340,50
23 0.00 0.00 331.05 331.05
25 410,70 0.00 0.00 410,70
27 0,00 0.00 361,30 361,30
29 0,00 0.00 480.55 480,55
31 0.00 0.00 335,35 335,35
33 0.00 371,50 0,00 471,590
35 0,00 366,10 0.00 336,10
37 0.00 0.00 280,05 280.05
39 , 0,00, 0. 00 368,10 368,10
41 0.00 0.00 342,05 342,05
43 0,00 0,00 334,10 334,10
45 0,00 0,00 163.50 163.50
47 0,00 0. 00 449,70 449,70
49 0,00 0.00 335,25 335,25
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Table 4 {continued)

BLOCK# CHORCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 278,30 0.00 278,30
62 0.00 7C4,70 0.00 04,70
63 0.00 445,10 0,00 445,10
by 0.00 501.8¢C 0,00 501,80
71 0.00 629,25 0,00 629.25
72 0,00 469.50 0.00 469,50
73 0,00 463,45 0.C0 463.45
74 0,00 452,50 0.00 472,50
75 0.00 .00 577.70 577.70
76 0.00 0,00 496,90 496,90
77 0.00 6.00 846,55 846,55
78 0,00 0.00 647,40 647,40
79 0,00 .00 Lgz2.85 482.85
81 0.00 0.00 638,20 638,20
82 0. 00 0.0G0 457,25 451,25
83 0,00 0. 00 776,10 770,10
84 0.00 0. 00 571,30 571.30
85 0,00 0,00 309,30 309,30
86 0., 00 0.00 364,50 364,50
87 0,00 0.00 414,15 414,145
90 0.00 0.0C0 593,75 593,75
95 0,00 0.00 396,60 396,60
98 0.00 0.00 120.35 120.35

EXCESS 0.00 8140, 95 1033, 15 9174.,10

TOTAL 625,00 15000.00 13750.00 29375,00
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Optimum Distribution of Grain (000 tons)
to Each of The Ports ¥With Tclls Set at $1.00 per ton

Pt g e Db i et e e D T —————

Table

5

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0-00 0,00 185,10 185,10
01 0.00 17.65 0,00 77.65
€3 0,00 391,00 0,00 391.00
g5 0,00 242,35 0.00 242,35
07 0,00 169. 80 0,00 169,80
09 0.00 293,00 0.C0 293.00
11 0.00 204,50 0,00 204,50
13 0,00 460,45 0.00 460.45
15 0.00 432,45 0,00 432,45
17 .00 0.00 353.70 353,70
19 0.00 0,00 375,65 375,65
21 .00 0.00 340,50 340.50
23 0.00 0. 00 331,05 331.65
25 410,70 0.00 0.00 410.70
27 214,30 0.00 146,95 361.30
29 0.00 6,00 480.55 480.55
31 0.00 0. 00 335.35 335,35
33 0,00 471,50 0,00 471.50
35 0,00 366. 10 0.00 336.10
37 0. 00 0.00 280,05 280.05
39 0,00 0,00 368.10 368,10
41 0.00 0,00 342,05 342.05
43 0,00 0,00 334,10 334,10
45 0.00 0.00 163.50 163.50
47 0.00 0.00 449,70 449,70
49 0.00 0.00 335,25 335.25
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Table 5 {continued)

BLOCK# CHURCHILL THUNDER EAY WEST COAST TOTAL
61 6,00 278,30 0.00 278,30
62 0,00 704,70 0.00 704,70
63 0.00 445,10 0,00 445,10
64 0,00 501,80 0.00 : 501,80

; 71 0.00 629,25 0.D0 £29.25
72 6,00 469.50 0.00 469,50
73 - 0.00 463,45 0.00 463,45
74 0.00 472,50 0.00 472,50
75 0.00 577.70 0.00 577,70
76 0.00 .00 496,90 456,90
77 0.00 0,00 846,55 846,55
78 0.0C0 0.00 647,40 647,40
79 0. 00 0,00 482.85 482,85
81 0.00 ; 0. 00 638,20 638,20
82 0,00 0,00 451.25 451,25
83 0,00 0,00 770,10 770,10
84 0.00 0.00 571.30 571.30
85 0,00 0. 00 309,30 309,30
86 0.00 0. 00 364.50 364,50
87 0.00 0,00 414,15 414,15
950 0,00 0,00 593.75 593.75
95 0.00 0.00 396,60 396,60
98 0.00 0.00 120.35 120. 35

BXCESS 0.00 7348.90 1825,20 9174.10

TOTAL €25.00 150€60.00 13750.00 298375.00

T o e o . e s "t g . . o S, e, 0, o o o o SRS ETTTmEZREx - S oo WO o P .tk s e i o vt v o o o e e — —

135



Table 6

Optimum Distribution of Grain (000 tons) from Each Block
to Zach of The Ports ¥ith Tolls Set at $0.95 per ton

BLOCK# CHURCHILL THUNDER BAY YEST COAST TOTAL
00 0.00 0.00 185,10 185,10
01 0.00 17,65 0.00 77.65
03 0.00 381,00 0.C0 391.00
05 0.00 242,35 0.60 242,35
07 0.00 169,80 0.00 169,80
69 0.00 293,00 0.00 " 293.00
11 0,00 204,50 0.00 204,50
13 0.00 450,45 0.00 460,45
15 0,00 432,45 0.00 432.45
7 0. 00 0.00 353.70 353,70
19 0,00 0.00 375,65 375,65
21 0.00 0.00 340,50 340.50
23 0.00 0.00 331.05 331.05
25 410.70 0,00 0.00 416,70
27 214,30 0. 00 146,95 361,30
29 0.00 000 480,55 480,55
31 0,00 .00 335.35 335,35
33 0.00 471.50 0.00 471,50
35 0.00 3£6,10 0.00 336,10
37 0.00 0.00 280.05 280,05
39 0.00 0,00 368.10 368,10
41 0,00 0.00 342,05 342,05
43 0,00 0.00 334,16 334,10
45 0.00 0.00 163,50 163.50
47 - 0.00 0. 00 449,70 449,70
49 0,00 0,00 335.25 335.25
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Tabie 6 {continued)

R R N I L T N T R L I T T A N T T I N T I I NS T - =

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0.00 Z78. 30 0.00 278,30
52 06.00 764,70 0.00 704,70
63 0.00 445,10 0.00 445,10
o4 0,00 501.80 0.00 501.80
71 0,00 629.25 0.00 629,25
72 5. 00 4£9.50 0.00 469,50
73 0.00 Ue3,. 45 0,00 463,45
74 0,00 - 472,50 0.00 472.50
75 .00 577.70 0.00 577.70
76 0.00 0,00 496,90 496,90
77 0. 00 0.00 846,55 846,55
78 0.00 0.00 ol7,40 647,40
79 0.00 0.00 482.85 482,85
81 0.00 0.00 638,20 638.20
82 0.00 .00 451,25 451.25
83 0,00 0. 00 770,10 770,10
84 0,00 0. 00 571.30 571,30
85 0.00 0,00 309,30 309.30
86 0.00 0,00 354,50 364,50
87 0. 00 0.00 414,15 474,15
90 0.00 0,00 593.75 593,75
95 0,00 0. 00 396,560 396.60
98 0. 00 0.00 120.35 120.35

EXCESS 0.00 7348.90 1825, 20 9174,10

625,00 15000, 00 29375.00

TOTAL

13750.00
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Table 7

Optimum Distribution of Grairn {000 tons} from Each Rlock
to Each of The Ports ¥ith Tclls Set at $0.90 per ton

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0.00 0,00 185,10 185.10
o1 0.00 77.65 0.00 77.65
03 0.00 3481.00 6,00 391.00
05 0.00 242,35 0.00 242,35
07 0.00 169,80 0.00 169,80
09 0.00 293,00 0.00 293,00
1 0,00 204,50 0,00 204,50
13 0.00 40,45 0.00 460.45
15 0.00 432,45 G.00 432,45
17 0.00 353,70 0.00 353,70
19 0.00 0.00 375.65 375,05
21 0. 00 0.00 340,50 340,50
23 0.00 0. 00 331,05 331.05
25 410,70 0.00 0.00 410,70
27 214,30 0. 00 146,95 361,30
29 0.00 £.00 480.55 480.55
31 0.00 0,00 335,35 335,35
33 0.00 47%.50 06.00 471.50
35 0.00 366, 10 0,00 336,10
37 0.00 0.00 280,05 280,05
39 0.00 0,00 368.1C 368,10
41 0,00 0.00 342,05 342,05
43 0,00 0.C0 334,10 334,10
45 0. 00 0.00 163.50 163,50

,,,,, 47 0.00 - 0.00 ‘ 449,70 449,70
49 0,00 : 0,00 335.25 335,25
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Table 7 {(continued)

BLOCK# CHURCHILL THUNDER BAY WEST CCAST TOTAL
51 0.G0 278,30 0,00 278,30
62 0.00 €4, 70 0.00 704,70
63 0,00 445,19 0.00 445,10
64 0.00 5€1,80 0.00C 501.80
71 0,00 629,25 0.00 629,25
72 0,00 469.50 0.00 469,50
73 0,00 463,45 0.00 463,45
74 0,00 4732.50 0.00 472,50
75 0.00 577.70 0.0¢0 577.70
76 0.00 0,00 496,90 496,90
77 0.00 0.00 846,55 846,55
78 0,00 0.00 647.40 647,40
79 G.00 0.00 482.85 482 .85
81 0,00 0,00 638,20 638.20
82 0,00 0.0C0 451,25 451,25
B3 0.00 0,00 776.10 770.10
84 0.00 0,00 571,30 571.30
85 0,00 0.00 309,30 309,30
86 0,00 0.00 364,50 364,50
87 0.00 0.00 414,15 414,15
90 0,00 0,00 593.75 583.75
35 0,00 0,00 396,60 396.60
98 0.00 0.00 120,35 120, 35

EXCESS 0,00 6995, 20 2178.90 9174.10

TOTAL 625,00 15000, 06 13750. 00 29375,00
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Optimum Distribution of Grain (000 tons)
£0 Tach of The Ports ¥ith Tolls Sat at $0.85 per ton

Taple 8

from Each Block

BLOCK # CHOURCHILL THUNDER BAY WEST COAST TOTAL
00 0.00 0. 00 185.10 185,10
01 0.00 77.65 0,00 77.65
03 0,00 391,00 0.00 381,00
05 0,00 242,35 0,00 242,35
07 0,00 169. 80 0.00 169,80
09 0.00 293.00 0,00 293.00
11 0,00 204,50 0,00 204,50
13 0.00 460.45 0.00 460.45
15 0.00 432,45 0.00 432,45
17 0,00 353,70 0.00 353.70
19 0.00 0.00 375,65 375,565
21 0.00 0. 00C 340.5C 340.50
23 0.00 0.00 331.05 331.05
25 410.70 0,00 0.00 410,70
27 - 214,30 0,00 146,95 361,30
29 0,00 0.00 480,55 480,55
31 0.00 335, 35 0.00 335.35
33 0,00 471.50 0,00 471.50
35 0.00 366,10 0.00 336.10
37 0.00 0.00 280.05 280,05
39 0.00 0,00 368,10 368,10
41 0,00 0.00 342.05 342.05
43 0,00 0. 00 334,10 334,10
45 0.00 0,00 163.50 163. 50
47 0.00 0.00 449,70 449,70
49 0,00 0.00 335.25 335.25
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Table 8 {continusd)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
51 0,00 278,30 0,00 278,30
62 0.00 704,70 0.00 704.70
63 0,00 445,190 0.00 445,10
ol 0,00 501, 80 0,00 501,80
71 0.00 629,25 0,00 629.25
72 0,00 469,50 0,00 469,50
73 0.00 463. 45 0.00 463,45
74 0.00 472,50 0.00 472.50
75 0,00 577.70 0,00 577.70
76 0.00 0.00 496,90 496,90
77 0,00 G.00 BU6.55 B46.55
78 0,00 0. 00 647,40 67,40
79 0,00 0. 00 482.85 482,85
81 0.00 0,00 638,20 638,20
82 0.00 0.00 451,25 451,25
83 0.00 0,00 770,10 F70.10
84 0,00 0. 00 571.30 571,30
85 0,00 0. 00 309,30 309.30
86 0.00 0.00 364,50 364,50
87 0.00 0,00 414,15 494,15
90 0.00 0.C0 593.75 593,75
35 0,00 0,00 396,60 396,60
98 0.00 0.00 120,35 120,35

EXCESS 0,00 6659, 85 2514,25 9174,10

TOTAL 625,00 15000, 00 13750.00 29375.00

141



Optimum Distribution of Grain (000 tons)
to Bach of The Ports ¥With Tclls Set at $0.8C per ton

Taple 9

from Each Block

BLOCK#¥ CHURCHILL THUNDER BAY YEST COAST TOTAL
00 0.00 0,00 185,10 185.10
01 J.00 1765 0,00 77.65
03 0,00 391.00 0,00 391.00
05 0.00 242,35 0.00 242.35
07 0,00 169, 80 0.00 169,80
09 0.00 293.00 0.00 293.00
11 0.00 204,50 0.00 204,50
13 0,00 460,45 0.00 460,45
15 0.00 432,45 0,00 432,45
17 0.00 353,740 0,00 353,70
19 0,00 0,00 375,65 375,65
21 0,00 0.00 340.50 340,50
23 0.00 0.00 331,05 331.05
25 410,70 0,00 0.00 410,70
27 214,30 0.00 146,95 361.30
29 0.00 0.06 480,55 480,55
31 0,00 335,35 0.00 335,35
33 0.00 471. 50 0.00 471,50
35 0.060 366,10 0.00 336,10
37 0,00 0.00 280,05 280.05
39 0.00 0. 00 368,10 368,10
41 0.00 0,00 342,05 342,05
43 0.00 0.00 334,10 334.10
45 0.00 0.00 163.50 163.50
47 0,00 0,00 449,70 449,70
49 0.00 0,00 335,25 335,25
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Table 9 {continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL

61 ' 0.00 278,30 0.00 278,30

"""" 62 0.00 7C4,70 0.00 704,70
63 0,00 445, 10 0,00 445,10

64 0.00 501. 80 0,00 501.80

71 0.00 629,25 0,00 629,25

72 0,00 469,50 0.00 469,50

o 73 0,00 463,45 0.00 463,45
ST 74 0,00 472,50 . 0.00 472,50
' 75 0.00 577.70 0,00 577.70
76 0.00 0. 00 496,90 496,90

77 0.00 0.00 846,55 846,55

78 0.00 0. 00 647,40 647,40

79 0.00 6,00 482,85 482 .85

81 0.00 0. 00 638,20 638,20

82 0.00 0.00 451,25 451,25

83 0,00 0,00 770,10 770,10

84 0. 00 (.00 571,30 571.30

85 0.00 0,00 309,30 309.30

86 0,00 0.00 364.50 364,50

87 0.00 0,00 414,15 414,15

90 0,00 0.00 593,75 593,75

95 0,00 0.00 396.60 396,60

98 0.00 G.00 120,35 120.35

EXCESS 0.00 6659,85 2514,25 9174.,10

TOTAL £25,00 15000,00 13750.00 29375, 60
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Taple 10

Optimum Distribution of Grain (000 tons) from Each Block
to Rach of The Ports With Tolls Set at $0.75 pexr ton

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
¢ 0.00 .00 185,10 185,10
01 0.00 17,65 0.00 17,65
03 0.00 391,00 0.00 391.00
05 0.00 242,35 0.00 242,35
07 0.00 169,80 0.00 169.80
09 0.00 293,00 0,00 293,00
11 0.00 204,50 0.00 204,50
13 0.00 460,45 0.00 460,45
15 0.00 432,45 0,00 432,45
17 0,00 353.7¢C 0.00 353,70
19 0.00 0.00 375,65 375,65
21 0.00 0.00 340.50 340,50
23 0,00 3.00 331,05 331.05
25 410,70 .00 0.00 410,70
27 214,30 146,95 0.00 361.30
29 0,00 0.00 480.55 480,55
31 0.00 335,35 0.00 335.35
33 0.00 471,50 0.00 471.50
35 0,00 366,10 0.00 336,10
37 0.00 .00 280.05 280,05
39 0,00 0.00 368,10 368.10
41 0,00 £.,00 342,05 342,05
43 0,00 0,00 334.10 334,10
45 " 0,00 0.00 163,50 163,50
47 0.00 0.00 449,70 449,70
49 0,00 .00 335.25 335,25
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Taple 10 {continusd)

BLOCK# CHURCHILL THUNDER BAY YEST COAST TOTAL
61 .00 2784 30 0.00 278,30
62 0.0C0 764,70 0,00 704,70
63 0.00 445,1C 0.00 445,19
bl 0.00 501.80 0.00 501.80
71 0.00 629, 25 0.00 629,25
72 0,00 469,50 6,00 469,50
3 0.00 43,45 0,00 463,45
74 0.00 472,30 0,00 472,50
75 0.00 577,70 0.C0 577.70
76 0,00 0,00 496,90 496,90
77 0.00 0,00 846,55 846,55
78 0,00 0.00 647,40 647,40
79 0,00 0,00 482.85 482.85
81 0,00 0,00 638,20 638,20
82 0.00 0,00 451,25 451.25
83 0.00 0,00 770,10 770,10
84 0,00 0.00 571.30 571,30
85 0,00 0,00 309.30 309.30
86 .00 0.00C 364,50 364,50
87 0,00 0,00 414,15 414,15
90 0.00 0.00 593.75 593,75
95 0.00 0.0C 396,60 396,60
98 0.00 0.00 120.35 120,35

EXCESS 0.00 6512.90 2661.,20 9174.10

TOTAL 625,00 15000, 00 13750.00 29375,00
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Table 11

Optimum Distripution of Grain {000 tons) from Each Block
to EFach of The Ports ¥ith Tolls Set at 350,70 per tomn

BLOCK# CHURCHILL THUNDER BAY HEST COAST TOTAL
60 0. 00 0,00 185.10 185,190
01 0.00 77. 65 G.00 77.65
03 0.00 391,00 0,00 391,00
05 0,00 242.35 0.00 242,35
07 0.00 169,80 0.00 169,80
09 0.00 293.00 0,00 293.00
11 0,00 204,50 0.00 204,50
13 0.00 460,45 0.00 460,45
15 0.00 432,45 0.00 432,45
17 0,00 353.7¢C 0.00 353,70
19 0,00 0.00 375.65 375,65
21 0.00 0.00 340.50 340,50
23 0.00 0,00 331.05 331.05
25 410,70 0. 00 0.00 410.70
27 214,30 146,95 0.00 361,30
29 0.00 .00 480,55 480,55
31 0.00 335,35 0.00 335,35
33 : 0.00 - 471,50 0.00 471,50
35 0,00 366,10 0.00 336,10
37 0. 00 0.00 280.C5 280.05
39 0,00 0. 00 368,10 368,10
41 0.00 0,00 342,05 342,05
43 0,00 0,00 338,10 334,10
45 0.00 0.00 163,50 163.50
47 0,00 0.00 349,70 449,70
49 0.00 0.00 335.25 335,25
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Table 11 {continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0.00 278,30 0,00 278,30
62 0.00 764,70 0.00 704,70
63 0.00 445,10 0,00 445,10
64 0.00 501.80 6,00 501,80
71 0,00 629, 25 0,00 629,25
72 0.00 469,50 0,00 469,50
73 0,00 463,45 0.00 463,45
74 0,00 472,50 0,00 472,50
75 0.00 577,70 0,00 577.70
76 0,00 0,00 496,90 596,90
77 0.00 0,00 846.55 846,55
78 0,00 0,00 bU7, 40 647,40
79 0.00 0.00 482.85 482.85
81 0.00 0,00 638,20 638,20
82 0.00 0,00 451.25 451,25
83 0.00 0,00 770,10 770.10
84 0. 00 0,00 571.30C 571,30
85 0.00 0. 00 309,30 308.30
886 .00 0.00 364,50 364,50
87 0,00 0,00 414,15 414,15
9D 0,60 0,00 593,75 583,75
95 0.00 .00 396,060 396,60
98 0.00 0.00 120.35 120. 35

BXCESS 0.00 6512, 90 2661,20 9174.,10

TOTAL 625.00 150C0.00 13750.00 29375.00
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Tapkle 12

Optimum Distribution of Grain (000 tons) from Each Block
to Each of The Ports With Tolls Set at $0.65 per ton

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0.00 0.00 185,10 185.10
01 0.00 17,65 0.00 77.65
03 0,00 381, 00 0,00 391.00
05 0.00 242,35 0.00 242,35
67 0.00 169.80 0.00 169,80
09 0.00 293.00 0.00 293,00
11 0.00 204,50 0.00 204,50
13 0.00 460,45 0.00 v 460,45
15 0.00 432,45 0.00 432.45
17 0.00 353.7C 0.00 353,70
19 0.00 G.00 375,65 375,65
21 0.G0 ' 0.00 340,50 340.50
23 0,00 .00 331.05 331.05
25 410,70 0.00 0,00 470,70
27 214,30 146,95 0.00 361,30
29 0. 00 0.00 480,55 480,55
31 0.00 335. 35 0.00 335.35
33 0.00 491,50 0,00 471,50
35 0.00 366. 10 0.00 336,10
37 0.00 0. 00 280,05 280,05
39 0.00 §.00 368,10 368,10
41 0.00 0,00 342.05 342,05
43 0.00 0.00 334,10 334,10
45 0. 00 0,00 163.50 163. 50
7 0. 00 0,00 449,70 449,70
49 0. 00 .00 335.25 335,25

148



Table 12 (continusd)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
91 0,00 278,30 0.00 278,30
62 0.00 784,70 0.00 704,70
63 0,00 445,10 0.00 445.10
o4 0.00 501.80 0.C0 501,80
71 0,00 629, 25 0.00 629,25
72 0,00 469,50 0.00 469,50
73 0,00 463,45 0.00 463,45
T4 0.00 472,50 0.00 472.50
75 V.00 577.70 0.00 577,70
75 0.00 0. 00 496,90 496.590
77 0,00 0.00 846,55 846,55
78 0,00 0. 00 647,40 o847, 40
79 0.00 0.00 482,85 482.85
81 0.00 0.00 638,20 638,20
82 0.00 0.00 451,25 451,25
83 0.00 0. 00 770,10 770,10
84 0.00 0.00 571.30 571,30
85 0,00 0.00 309.30 309.30
86 0,00 0.00 364,50 364.50
87 0,00 0. 00 414,15 414,15
90 0.00 0.00 593,75 593.75
95 0.00 0,00 396.60 396,60
98 Da 00 0.00 120,35 120,35

EXCESS 0.00 6512,90 2661.20 9174.10

TOTAL 625,00 15000, 00 13750.00 29375, 00
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Optimum Distribution of Grain (000 tons)
to Each of The Ports With Tolls Set at $0.60 per ton

Table 13

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
GO 0.00 0. 00 185.10 185,10
01 0.00 17,65 0,00 77.65
03 0.00 341,00 0.00 351,00
05 0,00 282,35 0.00 242,35
07 .00 169, 80 0.00 165, 80
09 0,00 293,00 0.00 293,00
1 0,00 204,50 0.00 204,50
13 0,00 460,45 0.00 460,45
15 0,00 432,45 0.00 432,45
17 0.00 353.7¢C 0.00 353,70
19 0,00 0.00 375,65 375.65
21 0.0D 0,00 340,50 340.50
23 0.00 0,00 331,05 331.05
25 410,70 0.00 0,00 410,70
27 214,30 146,95 0,00 361.30
29 0. 00 0,00 480.55 480,55
31 0,00 335,35 0,00 335.35
33 0.00 471.50 0.00 471.50
35 0.00 366,10 0.00 336,10
37 0.60 6.00 280,05 280,05
39 0,00 0. 00 368,10 368,10
41 0.00 0.00 342.05 342,05
43 0,00 0,00 334,10 334,10
45 0. 00 0,00 163,50 163,50
47 0.00 0,00 449,70 449,70
49 0.00 0. 00 335,25 335.25
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Table 13 {continued)

BLOCK# CHURCHILL THUNDER BAY
61 0.00 278,30
62 0.00 764,70
63 .00 485,10
o4 0.00 501.80
71 0.00 629,25
72 0.00 469,50
73 0,00 4e3.45
T4 0.00 472,50
75 0,00 577.70
76 0,00 0.00
77 0.00 0,00
78 6.00 687.4C
79 0,00 0.C0
81 0.00 0, 00
82 0.00 0.00
83 0. 00 0.00
84 0,00 0. 00
85 0.00 0,00
86 0.00 0.00
87 0.00 0,00
90 0,00 0.00
95 0,00 0.00
98 0,00 0.00

EXCESS 0.00 5865.50

TOTAL 625,00 15¢C0.00

mImmm =

WEST COAST TOTAL
0.00 278,30
0.00 T04.70
0.00 445,10
0,00 501,80
0.00 629.25
0.00 469,50
0,00 463,45
0.00 472.50
0.00 577,70
496,90 496,90
846,55 846,55
0-00 647,40
482.85 482 .85
638,20 638,20
451.25 451,25
770,10 770,10
571.30 571.30
309.30 309,30
364,50 364,50
414,15 414,15
593.75 593.75
396,60 396.60
120,35 120, 35
3308.60 9174,10

13750. 00 29375.00
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Table 14

Optimum Distripution of Grainm (000 tons) from Each Block

to EFach of The Ports With Tclls S=t at 30.55 per ton

BLOCK # CHURCHILL THUNDER BAY HEST COAST TOTAL
00 0.00 0.00 185,10 185.10
01 0.00 77.65 0.00 77.65
03 0.00 391,00 0.00 391,00
05 0,00 242,35 0.00 282,35
07 0.00 169.80 0.00 169,80
09 0.00 293,00 0.00 293.00
11 0.00 204,50 0.00 204.50
13 0.00 460,45 0.00 460. 45
15 0,00 432, 45 0.00 432,45
17 0,00 353.7¢ 0.00 353,70
19 0.00 0.00 375.65 375,65
21 0,00 0.00 340.50 340,50
23 0.00 0.00 331.05 331,05
25 410,70 0. 00 0.00 410,70
27 214, 30 146, 95 0.00 361,30
29 0.00 0,00 480,55 480.55
31 0.00 335,35 0,00 335,35
33 0.00 471,50 0.00 471,50
35 0,00 366,10 0.00 336,10
37 0.00 0. 00 280.05 280.05
39 0.00 0,00 368,10 368.10
41 0.00 0,00 342,05 342,05
43 0.00 0. 00 334,10 334,10
u5 0,00 D.00 163.50 163.50
47 0,00 0.00 B49,70 449,70
49 0.00 0.00 335,25 335.25
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Taple 14 (continued)

BLOCK# CHURCHILL THUNDER BAY WEST CDAST TOTAL
61 0,00 278,30 0,00 278,30
62 0,00 704.70 0,00 704,70
63 0.00 445,10 0.00 445,10
o4 0.00 501,80 0.00 501,80
71 0.00 629,25 0.00 629,25
72 6.00 469.50 0.00 469,50
73 0.00 463,45 G.00 463.45
74 . 0.00 472,50 0.0C 472.50
75 0.00 577.70 0,00 577,70
76 0.00 0.00 496,90 496,90
77 0.00 0.00 846,55 846,55
78 0,00 647,40 0.00 687,40
79 0.00 482.85 0,00 482,85
81 0,00 0,00 538,20 638,20
82 0.00 .00 451,25 45%.25
83 0.00 .00 770,10 770.10
84 0.00 0. 00 571,30 571.30
85 .00 0,00 309,390 303,30
86 0,00 0.00 364,50 364.50
87 0,00 0.0C0 414,15 414,15
90 0. 006 0,00 593.75 593.75
95 0.00 0,00 396.60 396,60
98 0.00 0.00 120,35 120,35

EXCESS 0.00 5382.65 3791.45 9174,10

TOTAL 625,00 15000, 00 13750.00 29375.00
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Table 15

Optimum Distribution of Grain (000 tons) from Each
to Bach of The Ports With Tolls Set at $0.50 per ton

Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0.00 0.00 185510 185,10
01 0,00 77.65 0.20 77.85
03 0.00 391.00 0.00 391.00
05 0.00 242,35 0,00 242,35
7 6,00 169, 80 0,00 166,80
09 0.00 293,00 0.00 293,00
11 0,00 204,50 0.00 204,50
13 0,00 460,45 0.00 460.45
15 0.00 432,45 0.0C 432,45
17 0.00 353.7¢ 0.00 353,70
19 0.00 0.00 375. 65 375.65
21 0.00 0.00 340.50 340,50
23 .00 0.00 331,05 331.05
25 410,70 0. 00 0.00 410.70
27 274,30 146,95 0.00 361,30
29 3.00 0.00 480.55 480.55
31 0.00 335. 35 0.00 335.35
33 0.00 471.50 0.00 471,50
35 0,00 366,10 0.00 336,10
37 0,00 0,00 280,05 280,05
39 0.00 0,00 368,10 368,10
41 0.00 0,00 342,05 342,05
43 0.00 0,00 334,10 334,10
45 0,00 0,00 163.50 163,50
47 0,00 0,00 449,70 449,70
L9 0.00 0,00 335.25 335,25
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Taple 15 {continued)

WEST CGAST

BLOCK# CHURCHILL THUNDER RAY TOTAL
61 0.00 278,30 6.00 278,30
62 0,00 704,70 0.00 704,70
63 0.00 445,10 0,00 445,10
o4 0,00 501,80 0.00 501,80
71 0,00 629,25 0,00 629,25
72 0,00 469.50 0.0G0 469,50
73 0.00 463. 45 0.00 463,45
T4 0,00 472,50 0.00 472.50
75 000 577.70 0.060 577,70
76 0.00 0,00 496,90 496.90
77 0,00 846,55 0,00 846,55
78 0,00 647,40 0.00 647,40
79 0.00 482,85 0.0C 482 .85
81 0,00 0.00 638.20 638,20
82 0.00 0. 00 457.25 451,25
83 0,00 0,00 770,10 770.10
B84 0,00 0,00 571.390 571,30
85 0,00 0.00 309,30 309,30
8% 0,00 0. 00 364,50 364,50
87 0,00 0.00 414,15 414,15
90 0. 00 0.00 593.75 593,75
95 0.00 0. 00 396.60 396,60
98 0.00C 0. 00 120.35 120. 35

EXCESS 0,00 4536, 10 4638,00 9174.10

TOTAL 625,00 15000, 00 13750. 00 29375,00
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Cptimum Distribution of Grain (000 tons)

Table 16

to Fach of The Poris With Tolls Set at $0.45 per ton

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
GO 0.00 0.00 185,10 185,10
01 0.00 77.65 0.00 77.65
03 0.00 391,00 0.00 391,00
05 0.00 242,35 0.00 2582. 35
07 0,00 169.80 0.00 169.80
09 .00 293.00 0.00 293.00
11 6.00 204,50 0.00 204,50
13 0.00 460, 45 6.00 460, 45
15 0,00 432,45 0.00 432,45
17 0.00 353.7¢ - 0.00 353.70
19 0.00 .00 375,65 375.65
21 0.00 0.00 340,50 340,50
23 0,00 0.00 331,05 331.05
25 410. 70 0.00 0.00 410,70
27 214,30 146,95 0.00 361,30
29 0.00 0,00 580.55 480,55
31 0.00 335,35 6.00 335,35
33 0.00 471,50 0.00C 471.50
35 0.00 366,10 0.00 336,10
37 0.00 .00 280.05 280,05
39 0,00 6,00 368,10 368,10
41 0.00 0.00 342,05 342.05
43 0.00 0,00 334,10 334.10
45 0.00 0,00 163,590 163.50
47 0,00 0,00 449,70 449,70
49 0,00 0,00 335,25 335.25
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Table 16 (continuad)

BLOCK# CHURCHILL THUNDER BAY YEST COAST TOTAL
61 0,00 278,30 0.00 278,30
62 0.00 74,70 0.00 704,70
63 0,080 435,10 0.00 445,10
64 0.00 501,80 0.00 501.80
71 0,00 629,25 0.00 629.25
72 0.00 469,50 0.00 469.50
73 0.00 463,45 0,00 463,45
74 0,00 472. 50 0.00 472,50
75 0.00 577,70 0.00 577,70
76 0.00 0.00 496,90 496,90
77 0.00 846,55 6,00 B46.,.55
78 0.00 647,40 0.00 647,40
79 0.00 482.85 0.00 482,85
81 0,00 0.00 638,20 638,20
82 0,00 0.00 451.25 451,25
83 0,00 0. 00 770,10 770510
84 0.00 0.00 571,30 571. 30
85 0,00 $.,00 309,30 309,30
86 0.00 0,00 364,50 364,50
87 0,00 .00 k14,15 414.15
30 G.00 0.060 593,75 593,75
95 0.00 0.00 396. 560 396,60
98 0.00 0.00 120,35 120,35

EXCESS 0,00 4536, 10 4638,00 9174.,10

TOT AL 625,00 15000.00 13750.00 28375.,00
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Optimum Distribution of Grain (000 tons)

to Fach of The Ports With Tolls S=t at 50,40 per ton

Table 17

from Each Block

BLDCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
60 0.0g0 0,00 185,10 185,10
01 0.00 77.65 0.00 717.65
b3 0.00 391.00 0.00 391,00
05 0. 00 242,35 0.00 242,35
07 6-00 169, 80 0.00 169, 80
€9 0.00 293,00 0,00 293.00
" 0,00 204,50 0,00 204,50
13 0.00 460,45 0,00 460.45
15 0.00 432,45 0.00 432.45
17 0,00 383,70 6,00 353.70
19 0,00 G.00 375.65 375,65
21 0.00 0.00 340.50 340,50
23 0.00 331,05 0,00 331.05
25 470,70 0. 00 0.00 410,70
217 274,30 146,95 G.00 361,30
29 0.00 0,00 480,55 480.55
31 0,00 335,35 0,00 335.35
33 0.00 471.50 0.00 471,50
35 0.00 366,10 6,00 336,10
37 0.00 0.00 280.05 280.05
39 0.00 .00 368.10 368,10
41 0,00 0.00 342,05 342,05
43 0.00 0,00 334,10 334,10
45 0.00 0.00 163,50 163,50
47 0,00 0. 00 449,70 449,70
49 0.00 0,00 335,25 335.25
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Table 17 {continued)

BLOCK# CHURCHILL THUNDEE EAY YEST COAST TOTAL

61 0.00 278, 30 0.00 278,30
62 G.00 764,70 0.00 704,70
63 0.00 445,10 0,00 445,10
64 0.00 501.8¢0 0.00C 501.80
71 0,00 629,25 0.00 629,25
12 0.00 469,50 0,00 469,50
73 0.00 463,45 0.00 463,45
EL) 0.00 472. 50 0.00 472.50
75 © 0,00 577.70 6.00 577.70
76 0.00 0.00 496,90 496,90
77 0.00 Bit., 55 0.0C B46,55
78 0.00 b7, 40 0.00 647,40
79 0.00 482,85 0,00 482.85
81 0.00 0.00 538,20 638,20
82 0.0 0,00 451.25 451,25
83 0.00 0.00 770,10 770,10
84 0.00 0,00 571.30 571.30
85 0. 00 0. 00 309.30 309,30
86 0.00 .00 364,50 364,50
87 0.00 0,00 414,15 414.15
30 0.00 0.00 593,75 593.75
95 0,00 .00 396,60 396,60
98 0.00 0.00 120.35 120,35
EXCESS 0,00 4205, 05 4969,05 9174.10
TOTAL £25.00 15000, 00 13750.00 29375,00
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Optimum Distribuntion of Grainm
to Each of The Ports With Tolls Set at $0.35 per ton

Table 18

{000 tons)

from EBach Block

BLOCK#

D W D s e Y D e

00
01
03
05
07
09
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49

CHORCHILL THUNDER BAY
0.00 0,00
0.00 77,65
0,00 391.00
0,00 242,35
0.00 169.80
0. 00 293.00
0,00 204,50
0.00 460,45
0.00 432,45
0.00 353,76
0.00 375, 65
0.00 0,00
0.00 331,05

410.70 0.00
214,30 146,95
0,00 0.00
0.00 335,35
0.00 471,50
0.00 386,10
0.00 6. 00
0,00 0.00
0,00 0.00
0,00 0.00
0.00 .00
0.00 0,00
0.00 $.00

160

WEST COAST TOTAL
185,10 185.10
0.00 77.65
0.00 391,00
0,00 242,35
0.00 169,80
0.00 293.00
0.00 204,50
0.00 460. 45
0.00 432,45
0.00 353,70
0.00 375.65
340.50 340,590
0.00 331.05
0.00 490,70
0.00 361,30
480.55 480.55
0.00 335,35
0.00 471.50
.00 336,10
280,05 280.05
368,10 368.10
342,05 342,05
334,10 334,10
163.5¢C 163.50
449,70 449,70
335.25 335,25



Table 18 {continuesd)

BLOCK# CHURCHILL THUNDER BAY HWEST COAST TOTAL
61 0,00 278,30 0,00 278,30
62 0.00 764,70 0.00 704,70
63 0,00 4ub5,10 0.00C 485,10
b4 0,00 501.80C 0.00 501,80
KA 0.00 629,25 0.00 629,25
72 0.00 469,50 0.00 469,50
73 0,00 463.45 0,00 463,45
74 0.00 4732, 56 0.00 472.50
75 0.00 577.70 0.00 577.70
76 0.00 6.00 496,90 496.90
17 0.00 846,55 0.00 846,55
78 0.00 647,40 0.00 647,40
79 0.00 482,85 0.00 482,85
81 0.00 0,00 638,20 638.20
82 0.00 G.00 451,25 451,25
83 0.00 0.00 770,10 770,10
84 0.00 0,00 571.3¢0 571,30
85 0.00 0. 00 309,30 309,30
86 0.00 0,00 364,50 364,50
87 0.00 0. 00 474,15 414,15
g0 0.00 0. 00 593,75 593,75
35 0,00 0,00 396,860 356,60
98 0.00 0.0C 120.35 120.35

EXCESS 0,00 3829, 40 5344,70 9174.10

TOTAL 625,00 15000.00 13750.00 25375.00
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Optimum Distribution of Grain (000 tons)
to Rach of The Ports ¥ith Tolls Sat at $0.30 per ton

B T T T I T T o o L T o I o 0 I D T T T T T M S Mmoo i e e ek ot e e oo e ol oot b e s e e om0 2o o e

Table 19

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0.00 0. 00 185,10 185,10
01 0.00 77,65 6,00 77,65
03 0.00 391. 00 0.00 391,00
05 0.00 242,35 0.00 242,35
07 0.00 169, 80 0.00 169,80
09 0,00 293,00 0.00 293,00
11 0,00 204,50 0.00 204,50
13 0.00 460,45 0.00 460,45
15 0.00 432.45 G.00 432,45
17 0.00 353.70 .00 353.70
19 0.00 375.865 0.00 375,65
21 0. 00 0.00 340,590 346.50
23 0.00 331,05 0.00 331,05
25 410.790 0,00 0.00 410,70
27 214,30 146,95 0.00 361,30
29 0,00 0.00 480,55 480,55
31 000 335,35 0.00 335.35
33 0,00 471,50 0.00 471.50
35 0.00 366,10 0.G0 336,10
37 0.00 0.00 280,05 280,05
39 0,00 0.00 368,10 368,10
41 0,00 0.00 342,05 342,05
43 0. 00 0,00 334,10 334,10
45 0.00 0,00 163.50 163.50
47 0,00 0,00 449,70 449,70
49 G.00 0.C0C 335,25 335,25
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BLOCK# CHURCHILL THUNDER EAY WEST COAST TOTAL
61 0,00 278,30 0500 278.30
62 0.00 764,70 0,00 704,70
63 0.00 445,10 0,00 445,10
o4 0.00 501.8C G.00 501.80
71 0,00 529,25 0.00 629,25
72 0.00 469,50 0.00 469,50
73 0.00 463, 45 0,00 be3,45
74 0,00 472,50 6.00 472,50
75 0.00 577.7¢ 0.00 577,70
76 0,00 0,00 496,90 496,90
77 0.00 846.55 0.00 846,55
78 0.C0 647,40 0.00 847,40
79 0-00 482,85 0,00 482.85
81 C.00 0.00 5638.20 638,20
82 0.00 0. 00 451,25 451,25
83 0.00 0,00 770.10 770,10
84 0.00 0.00 571.3C 571.30
85 0,00 0. 00 309.30 309,30
86 0.00 0. 00 364,50 364,50
87 0,00 0.00 414,15 418,15
90 0,00 0.00 593,75 593.75
g5 .00 0.00 396,60 396,60
98 0.00 .00 120.35 120. 35

EXCESS 0,00 3829.40 5344,70 9174,10

TOTAL 625.00 15000, 00 13750, 00 29375,00
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Table 20

Optimum Distribution of Grain (000 tons) from Each Block
to Each of The Ports With Tolls Set at $0.25 per ton

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 .00 0.00 185.10 185.10
01 0.00 17.65 0,00 77,65
03 0,00 391, 0¢C 0.00 391,00
05 0.00 242,35 0.00 242,35
07 0,00 169, 80 0.00 169,80
09 0,00 253,00 0.00 293,00
11 0.00 208,50 0.00 204,50
13 0.00 460,45 0,00 460,45
15 0,00 432. 45 0.00 4z2.45
17 0,00 353.7¢C 0.00 353,70
19 0,00 375.65 0.00 375,65
21 0.00 0.00 340,50 340,50
23 2,00 331.05 0.00 331,05
25 410.70 0.00 G-00 410,70
27 274, 30 146,95 0.00 361.30
29 0,00 0.00 480,55 480.55
31 0.00 335,35 0.00 335,35
33 0.00 471.50 0.00 471.50
35 0,00 366,10 0.00 336,10
37 0.00 0.00 280.05 280,05
39 0,00 0. 00 368,10 368,10
41 0.00 0.00 342.05 342,05
43 0.00 0. 00 334,10 334,10
45 0. G0 0,00 163,50 163.50
473 0.00 - 0,00 449,70 449,70
49 0,00 0.00 335,25 335.25
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Table 20 {continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 2785 30 0.00 278,30
62 0,00 TC4.70 0,00 704.70
63 0,00 435,1¢C . 0.00 445,10
54 0,00 501. 80 6.00 501,80
71 0,00 629, 25 0.00 629,25
72 0,00 469,50 0.00 4369.50
73 0.00 463,45 U.00 463,45
74 0,00 472,50 0.00 472.50
75 0.00 577.70 0.00 577,70
76 .00 0.00 496,90 496,90
77 0.00 846,55 0.00 846,55
78 0.00 647,40 0.00 647,40
79 0.00 482,85 0.00 482,85
81 0.00 0.00 638,20 638,20
82 0.00 0,00 451.25 451.25
83 0.00 U, 00 770,1C 770,10
84 0.00 0,00 571.30 571.30
85 0,00 0. 00 309,30 309,30
86 0,00 0. 00 364,50 364,50
87 0,00 G, 00 414,15 414,15
90 "0.00 0. 00 593.75 593,75
95 0. 00 0.00 396,560 396,60
98 0,00 0.00 120.35 120,35

EXCESS 0.00 3829, 40 5344,70 9174.10

TOTAL £25.00 15060, 00 13750.00 29375,00
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Tapble 21

Optimum Distribution of Grain (000 tons) from Each Block
to Each of The Ports With Tolls Set at $0.20 per tomn

BLOCK# CHORCHILL THUNDER BAY WEST COAST TOTAL
00 0-00 0. 00 185.10 185,10
01 0.00 77.65 0,00 77,65
03 0.00 391.00 0.00 391,00
05 0. 00 242,35 0.00 242,35
07 0.00 169,80 0.00 169,80
09 0,00 293,00 0.00 293,00
11 0.00 204,50 0,00 204,50
13 0,00 460,45 0.00 B4560.45
15 0.00 432,45 0.00 432,45
17 0.00 353,70 5,00 353,70
19 0.00 375,65 0,00 375,65
21 0.00 340,50 0.00 340,50
23 0,00 331,05 0,00 331.05
25 410,70 0,00 6,00 416.70
27 274,30 146,95 0.00 ' 361.30
29 0.00 0.00 480.55 480.55
31 0,00 335,35 6.00 335.35
33 0.00 471,50 0,00 471,50
35 0.00 366,10 0.00 336,10
37 0.00 0.00 280.05 280,05
38 0.00 0.00 368,10 368,10
41 0,00 $.00 342,05 342,05
43 0,00 0.00 334,10 334,10
45 0.00 0,00 163,50 163,50
47 0.00 0.00 449,70 449,70
49 0,00 0.00 335,25 335,25
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Table 2

1 (continued)

BLOCR# CHURCHILL THUNDER PAY WEST COAST TOTAL
61 0.00 278,30 0.00 278,30
02 0-00 704,790 0.00 704,70
63 0,00 445,10 6.00 445,10
64 0.00 501,80 0.00 501.80
71 0.00 629,25 .00 629,25
12 0.00 469,50 0,00 469,50
73 0,00 463, 45 0,00 463,45
T4 0.00 472.50 0.00 472.50
75 0.00 577.70 6.00 577,70
76 0.00 0,00 496,90 496,90
77 0.00 846,55 0.00 846,55
78 0,00 647,40 6,00 647,40
79 0.00 482.85 0.00 482,85
81 6.00 0.00 538,20 638,20
82 0.00 0.00 451,25 451,25
83 0,00 0.00 770,10 776,10
84 0,00 .00 571.30 571.30
85 0.00 0. 00 309,30 309,30
86 0.00 0.00 364,50 364.50
87 0,00 0,00 414,15 414,15
90 0.00 0.00 593,75 593.75
95 0.00 .00 396,60 356,60
98 0,00 0. 00 120.35 120.35

EXCESS 0.00 3488,90 5685.20 9174 ,10

TOTAL 625,00 15000.00 13750.00 29375.00
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Tabkle 22

Optimum Distribution of Grain (000 tons) from Each Block

to Fach of The Ports #With Tolls Set at 3$0.15 per ton

BLOCK# CHURCHILL THUNDER BAY ¥EST COAST TOTAL
Q0 0.00 0,00 185,10 185,10
01 0.00 77.65 0.00 77.65
03 0.00 391,00 0.00 391,00
05 6.00 242,35 0.00 242,35
07 0,00 169,80 0,00 169.80
09 0,00 293.00 0.00 293,00
11 0.00 204,50 0.00 208,50
13 0.00 460, 45 0.00 460,45
15 0,00 432,45 0.00 432.45
17 0.00 353,7¢C 0,00 353,70
19 0,00 375,65 0.00 375,65
21 0.00 340,50 0.00 340.50
23 0.00 331.05 0.00 331,05
25 410.70 0,900 0,00 410.70
27 214,30 146,95 0.00 361,30
29 0.00 0,00 480,55 480,55
31 G.00 335.35 0,00 335,35
33 0.00 471,50 0,00 471.50
35 0.00 366, 10 0.00 336,10
37 0.00 0,00 280.05 280.05
39 0,00 0. 00 368,10 368,10
41 0,00 0.00 342,05 342,05
43 0.00 0.00 334,10 334,10
45 0,00 0.00 163,50 163.50
57 0.00 0,00 449,790 443,70
49 0,00 0.00 335,25 335,25
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Table 22 {continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 278,30 0.00 278,30
62 0.00 7C4,70 0.00 704.70
63 0.00 445,10 0.00 445,10
64 0.00 501,80 0.00 501.80
71 0.00 629.25 0.00 629,25
72 0.00 469,50 0.00 469,50
73 0,00 463,45 0.00 463,45
L 0,00 472,50 0.00 472.50
5 0,00 577,70 0.00 577.70
76 0.00 0.0D 495,90 496,90
77 0.00 846,55 0,00 Bi6,55
78 0.00 647,40 0,00 647.40
79 0.00 482,85 0.00 482,85
81 0,00 0. 00 638,20 638,20
82 0,00 0.00 451,25 451,25
83 0.00 0. 00 770,10 770,10
84 0.00 0.00 571.30 571,30
85 0.00 .00 309.30 309,30
86 0,00 6.00 364,50 364.50
87 0.00 0.00 414,15 414,15
90 0,00 0,00 593,75 593.75
95 0.00 0.00 396,60 396,60
98 0.00 0. 00 120. 35 120.35

EXCESS 0.00 3488,.90 5685,20 9174.710

TOT AL 625,00 15000, 00 13750.00 29375,00
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Tapble 23

Optimum Distribution of Grain (
to Fach of The Ports ¥ith Tolls Set at $0,1C per ton

000 tons) from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0-00 .00 185,10 185,10
01 0.00 77,85 0.00 77.65
03 0.00 391.00 0.00 391.00
05 0,00 242,35 0.00 242,35
07 0,00 169,80 0.00 169,80
09 0.00 293.00 6.00 293.00
11 0.00 204,50 0,00 204,50
13 0,00 460,45 0.00 460.45
15 0,00 432,45 .00 432,45
17 0.00 383,7¢C 0,00 353,760
19 0.00 375,65 0.00 375,65
21 0.00 380,50 0.00 340,50
23 0.00 331. 05 0,00 331.05
25 410,70 0,00 0,00 410,70
27 214,30 140,95 0,00 361.30
29 0,00 480.55 0.00 480,55
31 0,00 335,35 0.00 335,35
33 0,00 471,50 0.00 471,50
35 0,00 366, 10 0.00 336,10
37 0. 00 0.00 280.05 280,05
39 0,00 0.00 368,10 368,10
41 0,00 0,00 342.05 342,05
43 0,00 0,00 334,10 334,10
45 0,00 0,00 163,50 163.50
47 0,00 0,00 349,70 449,70
49 0,00 0,00 335,25 335.25
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Table 23 {continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 278,30 0.00 278,30
62 0,00 708,70 0.00 704,70
63 0,00 445,10 0,00 445,190
64 0,00 501,80 0.00 501,80
71 0.00 629,25 0.00 £29.25
72 0.00 469,50 0.00 469,50
73 0.00 463,45 0.00 463,45
74 0.00 472,50 0,00 472,50
75 0,00 577,70 0.00 577.70
76 0.00 0,00 496,90 496,90
77 0,00 846,55 0.00 846,55
78 0,00 647, 40 0.00 647,40
79 9. 00 482,85 0,00 482,85
81 0.00 0,00 638,20 638,20
82 0.00 0.00 451,25 451,25
83 0,00 0,00 770,10 770,10
84 0,00 0.00 571,30 571.30
85 _ 0,00 0.00 309,30 309,30
86 0,00 0,00 364,50 364,50
87 0,00 0.00 414,15 : 414,15
90 0,00 0,00 593,75 543,75
35 0,00 0.00 396,60 396,560
98 0.00 0,00 120,35 120. 35

EXCESS 0.00 3008, 35 6165.,75 9174.,10

TOTAL £25.00 150¢0, 00 13750.00 29375.00
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Table 24

Optimum Distribution of Grain (000 toms) from Bach Block
to EFach of The Ports With Tolls Set at $0.05 per ton

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 0,00 0.00 185,10 185,10
01 0.00 77,65 0.00 T7.65
03 0.00 391,00 0,00 391.00
05 0.00 282,35 0.00 242,35
67 0.00 169,80 0.00 169,80
09 0.00 293.00 0.00 293.00
11 0,00 204,50 0.00 204,50
i3 0.00 460,45 0.00 460,45
15 0.C0C 432,45 0,00 432,45
17 0.00 353.7¢C 0.00 353,760
19 0.00 375,65 0,00 375,65
21 0.00 340,50 0.00 340,50
23 0.00 331,05 0,00 331.05
25 490,70 0,00 0.00 410,70
27 214,30 146, 95 6.00 361,30
29 0,00 480,55 0.00 480,55
3N 3.00 335.35 0,00 335,35
33 0.00 471,50 6.00 471.50
35 0.00 366,10 0,00 336,10
37 0.00 .00 280,05 280,05
39 0.00 0.060 368,10 368.10
41 0.00 0.00 342.05 342,05
43 0,00 0,00 334,10 334,10
45 0.00 0,00 163.50 163.50
47 0.00 0,00 349,790 49,70
49 0.00 G.00 335.25 335,25
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Table 204 {continu=4d)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 278,30 0,00 278,30
62 0,00 764,70 0.00 704,70
63 0,00 445,10 0.00 445,10
64 0.00 501, 80 0,00 501,80
71 0.00 629,25 6.00 629,25
72 0,00 469,590 0.00 469,50
73 0,00 463,45 0.00 463,45
74 0.00 472,50 0.00 472,50
75 0.00 577,70 0.00 577,70
76 . 0,00 0.00 496,90 496,90
77 0,00 846,55 6,00 846,55
78 0.00 647,40 0.00 647,40
79 0.00 BE2,.85 0.00 482.85
81 3,00 0,00 638,20 638,20
82 0,00 0.00 451,25 451,25
83 0,60 0. 00 770.10 770,10
84 0.00 0.00 571.30 571,30
85 0.00 0.00 309.30 309,30
86 0,00 0,00 364,50 364.50
87 0.00 0,00 414,15 414,15
950 .00 " 0,00 593,75 593,75
95 0.00 0,00 395,560 396.60
98 06.00 0,00 120. 35 120,35

EXCESS 0,00 3008, 35 6165.75 9174.10

TOTAL 625,00 15000, 00 13750.00 29375.00
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Optimum Distribution of Grain
to Fach of The Ports With Tolls Set at 50.00 per ton

Table 25

{000 tons)

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
00 .00 0,00 185,10 185,10
01 0.00 77.65 0.00 77.865
03 0,00 351.00 0.00 391,00
05 0.00 242035 0.00 242,35
67 0.00 169,80 0.00 169,80
09 0.00 293,00 0,00 283.00
11 0.00 204,50 0.00 204,50
13 .00 460,45 0.00 460,45
15 0,00 432,45 0.00 432.45
17 0,00 383,70 0.00 353.790
19 0,00 375, 65 0.00 375,65
21 0,00 3480.50 0.00 340,50
23 0.00 331.05 0.00 331.05
25 470.70 0.00 0.00 410.70
27 214,30 146, 95 0.00 361,30
29 0.00 480,55 0.00 480,55
31 0.00 335,35 0,00 335,35
33 0,00 471.50 0.00 471.50
35 0.00 366,10 0,00 336,10
37 0,00 0.00 280,05 280.05
39 0.00 0,00 308,10 368,10
41 0,00 .00 342,05 342,05
43 0,00 0,00 334,10 "334.10
45 0.00 0.00 163,50 163,50
47 0,00 0.00 449,70 449,70
49 0.00 0.00 335.25 335.25



Table 25 {(continued)

BLOCK# CHURCHILL THUNDER BAyY WEST COAST TOTAL
61 6,00 278,30 0.00 278,30
62 0. 00 704,70 0.00 704,70
63 0,00 415,10 0.00 445,10
64 0,00 501.80 0.00 501.80
71 0,00 629,25 0.00 629,25
72 0.00 469,50 0.00 469, 50
13 0,00 463,45 0.00 be3.45
74 3,00 472,50 0,00 472.50
75 0.00 577.70 0.80 577.70
76 0,00 496, 90 0.C0 496.90
77 0,00 846,55 0.00 B46, 55
78 0,00 087,40 0.00 647,40
9 0,00 482,85 0.00 482.85
81 0,00 €38, 20 0,00 638,20
82 0,00 .00 451,25 451,25
83 0,00 0. 00 770,10 770.10
84 0.00 0.00 571,30 571.30
85 0.00 0. 00 309.30 309.30
86 0,00 0,00 364,50 364,50
87 0,00 0.00 414,15 474,15
90 0,00 0,00 593,75 593.75
95 0.00 0.00 396.60 396,60
98 0.00 0.00 120.35 120. 35

EXCESS 0,00 1873.25 7300.85 9174.10

TOTAL 625,00 15000, 00 13750.00 29375, 00
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Optimum Distribution of Grain (000 tons)

Table 26

to Fach of The Ports Wi

th Tolls Set at $0.%5 per ton
with 1976 supplies

from Each Block

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
0o 0.00 0,00 166,15 166,15
01 0.00 68,55 0.00 68,55
03 0,00 382, 3¢C 0.00 352.30
05 0,00 224,35 0.00 228,35
o7 0,00 122,85 0.00 152,85
69 0.00 307.30 0.00 307,30
i1 0,00 181.95 0.00 181.95
13 0,00 381.70 0.00 381,70
15 14,40 37%.55 0.00 385,95
17 0,00 326,70 0,00 326,70
19 0,00 0.00 361,75 361.75
21 0,00 0,00 366.75 366.75
23 0,00 0,00 346.30 346,30
25 297.30 0.00 0.00 297,30
27 313.35 0.00 0,00 313,30
29 0.00 G.00 434,20 434,290
31 4,00 249,25 0.00 249,25
33 0.00 455,55 0.00 455,55
35 $.00 388,25 0.00 388,25
37 0.00 .00 254,95 254,95
39 0.00 0,00 393.00 393.00
43 0,00 0.00 287.95 287,95
43 0,00 0,00 274,75 274,75
45 0. 00 0.00 143,30 143,30
87 0.00 0.00 518,55 518,55
49 0,00 0.00 358,70 358,790
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Table 26 {(continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0,00 235,95 0.00 235,95
62 0.00 617,80 0.00 617.80
53 0.00 373,00 0,00 373.00
64 0.0¢C 478,70 0.00 878,70
71 6.00 519. 80 0.00 519.80
72 0.00 434,20 0.00 434,20
73 0,00 451,80 0.00 451,45
T4 0.00 368,50 0.00 368,50
75 0.00 £27.65 0.00 527,65
76 0,00 0.00 555.35 555,35
77 0.00 0,00 803,85 803.85
78 0,00 0.00 288,75 588,75
79 0.00 .00 456,65 456,65
81 0,00 0.00 637,45 637,45
82 0.00 0.00 528.60 528,60
83 0.00 0,00 791,40 791,40
84 0.00 0,00 720,30 720,30
85 0,00 0,00 276,20 276,20
86 0,00 .00 324,65 324,65
87 0,00 0.00 382,45 382.45
90 0.00 0,00 551.15 551.15
95 0,00 0,00 310.80 310.80
98 0,00 0,00 83,10 83.10

EXCESS 0.00 7532.30 5332.95 12865,25

TOTAL 525,00 15 16250.00 31875.00

0C0.00
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Table 27

Optimum Distribution of Grain {000 tons} Ifrom Each Block

to Fach of The Ports ¥ith Tolls Set at $0.00 per ton

with 14976 supplies

BLOCK# CHORCHILL THUNDER BAY WEST COAST TOTAL
¢ .00 0.00 166,15 166,15
01 0.00 68,55 0.00 68,55
03 0,00 352.3¢ 0,00 352,30
05 0.00 224,35 0,00 224,35
07 0,00 152,85 0.00 152,85
09 0.00 3C7.30 0.00 307.30
11 0.00 181.95 0,00 181,95
13 0,00 381,70 0.00 381,70
15 0.00 385,85 0,00 385,95
17 0.00 326,70 0.00 326,70
19 0.00 361,75 0.00 361.75
21 0,00 366,75 0,00 366,75
23 0,00 346,30 0.00 346,30
25 297,30 0,00 0,00 297,30
27 313,35 0.00 0.00 313.50
29 14,35 419,80 0.00 434,15
31 6.00 249,25 0.00 289,25
33 0,00 455,55 0.00 455,55
35 0,00 388.25 0.00 388,25
37 0.00 0. 00 254,95 254,95
39 0.00 0,00 393.00 393,00
41 0.00 0,00 287,95 287.95
43 0.00 0.00 274,75 274,75
45 0,00 0.00 143,30 143,30
47 0.00 0.00 518.55 518,55
49 0. 00 0,00 358,70 358,78
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Table 27 ({continued)

BLOCK# CHURCHILL THUNDER BAY WEST COAST TOTAL
61 0.00 235,95 0.00 235,95
62 0.00 617,80 0.00 617.80
63 0.00 373.00 0.00 373,060
o4 0,00 478,70 0.00 478,70
1 0,00 519, 80 0.00 519.80
72 0,00 434, 20 0.00 434,20
73 0. 00 451.80 0.00 451.45
74 0.00 368,50 0.00 368,50
75 0,00 £27.65 0.00 527.65
78 0.00 555,35 0.00 555.35
77 0.00 803.85 0.00 803.85
78 0,00 5E8,75 0.00 588,75
79 0.00 456,65 0.00 456,65
81 0,00 637,45 0,00 637,45
82 0,00 0.00 528,60 528,60
83 0,00 000 791,40 791.40
84y 0.00 0. 00 720.30 726,30
85 0.00 0.00 276,20 276,20
86 0.00 0,00 324,65 324.65
87 6.00 0,00 382,45 382.45
90 0.00 .00 551,15 551,15
95 0,00 0.00 310.80 310.80
98 0,00 0.00 83,10 83,10

EXCESS 0.00 2981.25 2384.00 5365,25

TOT AL 625,00 15000, 00 8750.00 24375.00
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Takle 28

Block Wumbers and Corresponding Block Nanmes

BLOCK & NAME BLOC
01 Winnip=sg North 61
03 Winnipeg South 62
05 #innipag Hest 63
07 Brandon North 64
09 Brandon H¥est 71
11 Helville 72
13 Dauphin 73
15 Kamsack T4
17 Saskatoon HMain 75
19 Saskatoon South 76
21 Saskatoon West 77
23 Saskatoon North 78
25 Prince Albert FEast 79
27 Prince Albert South 81
29 Prince Albert West 82
31 Saskatoon East 83
33 Regina South 84
35 Regina Hest 85
37 Biggar North 86
39 Biggar West 87
41 Edmonton North 990
43 Edmonton South 95
45 Edmonton West 98
47 Hanna South 00
49 Hanna %est

Ki#

D D e

NAHME

o

Keevatin

La Rivierse
Carberry
Brandon
Weyburn
Pasgqua

Bulyea
Bredenbury
Saskatoon
Wilkie
Assinpnaboia
swift Current
Outlook
Medicine Hat
Brooks
Lethbridge
Vulcan
Calgary

Red Deer
Edmonton
H.A+Rs Hest
N.A, R, East
G.S5.L. Railway
British Columbia
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APPENDIX 2

Haps Showing the Distributicn ©f Grain to the Ports
Under Alternative Toll Structures
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