This is a study of the decision to develop hydroelectric power
on the Nelson River, An historical account is given of the events leadw
ing to the decision to develop the first site andan analysis is made of
the economics of the project not only as they affect the public utility
but also as they affect the regional and national interests, This study
indicates the project to have both advantages and disadvantages, Before
evaluvating the advisability of the project a review is made of the exper-
ience in hydroelectric investment'practicevin the mixed economy of the
United States. Thereafter, consideration is given to appropriate evalu=~
ation methods for Canada and the advisability of the project to develop
the Nelson River was justified within the terms of reference of the cri-
teria presently employed by the agencies involved, the procedure employed
in evaluating such projects should be improved and a broader approach

should be taken to regional development generally,

The Nelson River Hydroelectric Development: A Public Utility Investment
Affecting Both Regional and National Development = = Jchn A, Cline.
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PREFACE

Scope and Purpose

The decision to develop the Nelson River was taken necessarily
in the face of considerable uncertainty upon the outcome of certain trends
whose eventual determination cammot be known for some ten or twenty years
(such as the actual growth of demand for electric power in Manitoba).

The determination of whether the decision to develop the Nelson River at
this time was correct or incorrect will not be possible until some time

in the far distant future, At this time it is possible to comment only

on the advisability of the decision and to recommend certain administra
tive procedures which would improve the decision-making process. The
purpose of this thesis is to study the procedures followed in the decisione
making process and to analyse the issues involved in the decision with a
view to improving the correctness of decisions made in such large under-

takings in the future,



PART ONE

BACKGROUND



CHAPTER ONE

THE NELSON RIVER BASIN

The Nelson River acguired its neme at the time of thetfirst record=
ed contact by Buropeans with the territory now known as Manitoba,

Francis Nelson was sailing master of the companion ship on
Captain Thomes Button's voyage into Hudson Bay in 1612, In search of the
North-West Passage, Button who had sailed with Hudson on the latter's last
voyage was forced by cold weather to winter at the mouth of the Nelson on
Hudson Bay., Nelson died during the winter and Button honoured him by name
in the river by which they had wintered after him,

As may be seen in Map 1.1, the Nelson River flows LOO miles from
Iake Winnipeg northeast to Hudson Bay and its watershed extends from the
height of land adjacent to Lake Superior to the Rocky Mountains. The
rivers flowing into the Nelson River watershed include the North and
South Saskatchewan, the Red and the Winnipeg Rivers., The adjacent Church-
i1l River basin contributes a watershed area of over 90,000 square miles
stretching about 600 miles easterly from its headwaters in Alberta to the
point of the proposed diversion of some of its flows in northern Manitoba.
At its most northerly point the Churchill River basin reaches to within
50 miles of the Northwest Territories. The combined Nelson River and
Churchill River drainage basins encompass an area of slightly more than
500,000 square miles,

For purpose of reference, the Nelson Riﬁer may be divided into
two reaches ~ the Upper Nelson River and the Lower Nelson, The Upper

Nelson is that reach of the river extending from Warren Landing at the



‘, Rites |

oy
Q)
JT B R A%

- _| ARCTIE  EWRCAE

Yeas

LS 7 R e T

heytesfieid
Iriel

R Pakin Inlet

/" fiwaukee " ]
: -
\ <
g \ (e

| — L '\0
. ogs CHICAG K:_/I/

-

Grand Rapd™

5
<,

DETROIT 9-?_« ¥
A

8 AR

Toled® 2 Yencland

bed

Oy
A

65

PRODUCED BY THE SURVEYS AND MAPPING BRANCH. OTTAWA. CANADA.



% I 7::\\—\7 - / 7// y “

CANADA

|
SCALE 1:15.840.000 OR ONE INCH TO 250 MILES
MILES 100__S0 0 100 200 300 400 500 MILES
KILOMETRES 100 00 20 BOO KILOMETRES
Federal Capital.c. oo vvevse v @ Provincial Capital............ € |
Railways; Maiin, i os see voe cos v van ssmmunsan s s s ve = = - 1
RAINVAYS TO ROSOUTCES s wara vis 5513 srmisvsrasassrs st 545015614 wikomtt i = |
AIlines; Canadian s sss vos sww s oo s v sw oo ——— \
Aitlines; Foreign. o van uns vevsse s umms s s wie —_————
Steamship ROULES: o5 w5 nos ses aim sow 65 insass 166 934 S s =
DEPARTMENT OF \/
MINES AND TECHNICAL SURVEYS B

SURVEYS AND MAPPING BRANCH

1964 / /

oo e e AT
L Rk e “’ :
blSTRICﬂ“‘a‘;' '
L 200 , 1
Sl %2 ! ﬁ




outlet of Lake Winnipeg, to just upstream of Split Lake. The Lower Nelson
River is the remaining reach from Split ILake to the riverts mouth at
Hudson Bay. From the outlet of Iake Winnipeg (where it begins) to the
Arctic Ocean at Hudson Basy the Nelson River has a total drop of 712 feet
over a length of LOO miles., Such a sharp drop in elevation is attractive
for hydroelectric development and the river possesses a number of sites
suitable for the concentrations of the great heads necessary for economic
hydroelectric development. Including all power sites, a total of 628,5
feet of net head can be developed on the Upper and Lower Nelson out of

the total drop of 712 feet from Leke Winnipeg to Hudson Bay.

ILake Winnipeg is the dominant factor of the Nelson River basin,
One of the worldfs largest lakes, 9,400 square miles in area, it is 712
feet above sea level and LOO miles by the run of the Nelson from the
Arctic Ocean,

Enother feature of the Nelson River system is that it comes into
close proximity to the Churchill River which runs to the north. The flows
of the Churchill could be diverted into the Nelson River drainage system
by either of two routes. One route would be in Saskatchewan, involving
diversion of flows from the Churchill River into the Saskatchewan River
just above Lske Winnipeg, At that point the flows would be about 850 feet
above sea level and the increased flows would augment the output of the
Manitoba Hydro hydroelectric plant at Grand Rapids., However, the diver-
sion of flows by this route would drastically reduce the output of the
hydroelectric plant at Island Falls, Saskatchewan, belonging to the
Hudson Bay Mining and Smelting Company.

Another possible diversion route is by the Rat and Burntwood

Rivers from Southern Indian Laeke which is part of the Churchill River in



northern Manitoba., The flows diverted from the Churchill River by this
route can be introduced into the Nelson at a point just below the present
sole Nelson River hydroelectric plant at Kelsey =~ a point at which the
Nelson is still about 500 feet above sea level,

Along this diversion route there is approximately 600,000 kilo-
watts of capacity that could be developed using the diverted flows of the
Churchill that would otherwise flow to the sea providing little or no bene-
fits to the Province,

On the Lower Nelson, 5,000,000 kilowatts could be developed along
with hO0,000 kilowatts on the Upper Nelson providing a total potential for
the system of 6,000,000 kilowatts of capacity. The Nelson River and the
Churchill River diversion route represents a potential amount of energy
equivalent to the energy that would be derived by burning 36,000,000 tons
of coal a year, For a province having no considerable coal deposits or

0il and gas fields, the Nelson is the dominant energy fact in Manitoba,

Tributaries of Nelson River

Aside from the local runoff it receives from the immediate viec~-
inity, the Nelson River possesses three major subdivisions of its drain-

age basin, the Saskatchewan, the Red, and the Winnipeg watersheds.

Description of the Saskatchewan Drainage Basin

The South Saskaﬁchewan River rises in Alberta and Montana, flows
into the Province of Saskatchewan, merges with the North Saskatchewan
River and proceeds as the Saskatchewan River into Lake Winnipeg in Man-
itoba. The drainage area above the location of the South Saskatchewan
dam can be divided into three parts, The first part consists of the

eastern slopes of the Rocky Mountains, The second part consists of the



foothills east of the mountains. Together, the eastern slopes and the
foothills produce approximately 92% of the average annual flow at the South
Saskatchewan dam site, The third and the largest part consists of the
relatively arid prairies,

& predominant feature of the South Saskatchewan River which flows
into the Nelson is the South Saskatchewan River Dam. However, a study by
the Prairie Farm Rehabilitation Administration found that #full Development®
depletions (including irrigation) in Alberta and Saskatchewan would reduce
Nelson River power potential by about 3% to L%. 1 Despite the overwhelm-
ing size of the Saskatchewan drainage basin, only 20% of the inflow into

Lake Winnipeg is contributed by the Saskatchewan,

Description of the Red River Drainage Basin

The Red River drainage basin can be divided in two parts: 48
thousand square miles drained by the Red River proper, and 63_thousand
square miles drained by its major tributary, the Assiniboine River, In
spite of its smaller drainage area, the main body of the Red River con-
tributes about 70 per cent of the total average flow of 5,600 cfs. The
drainage basin includes the broad, flat and fertile plains that were, at
one time, the bottom of Lake Agassiz. The Assiniboine River drainage |
basin is part of the Canadian Prairies, and ranges in elevation from 750
to 2,700 feet, It has the lowest run~off-per~square-mile of any major
river on the North American continent due to the low average annual rain-

fall of about 16 inches and the low relief of the landscape.

1 W.M. Berry, E. F. Durrant, C. Booy, "Hydrologic Investigations for the
South Saskatchewan River Project," page 67 The Engineering Journal,
Epril 1967.



Description of the Wimnipeg River Drainage Basin

The Winnipeg River drainage basin, with an area of 52 thousand
square miles, is much smaller than that of the Saskatchewan or Red Rivers,
However, its average flow of 30,000 cfs, is considerably higher, This is
because of the relatively high precipitation in the basin, and because its
drainage area consists for the most part of forest-covered Pre-Cambrian

formations resulting in a high runoff,



CHAPTER TWO
CHRONOLOGICAL ACCOUNT OF DECISIONS

LEADING TO DEVELOPMENT OF NELSON RIVER

From an early date the power poteﬁtial of the Nelson River was
recognized, and hydrologic surveys were conducted on the Nelson as early
as 1910, The early annﬁal reports of the Manitoba Hydro-Electric Board
contain references to the Nelson River potential., However, not until
after the launching of the development at Grand Rapids when Manitoba Hydro
had to consider what the succeeding energy source would be, was the Nelson
River seriously examined, Consideration of the Nelson River was preceded
by developments in long~distance extra-high voltage transmission techniques
which made possible the economic transmission of power over much greater
distances than previously. As late as 1958 a textbook in electrical enginm
eering held it highly dubious that transmission would ever be economic over
greater distances than the few hundred miles then possible,

The decision to develop the first of the potential power sites
was taken within a technological continum, On the one hand, the develop-
ment could not be considéred until traﬁsmission techniques improved enough
to permit such long-distance transmission, on the other hand the compar-
ative economics of the development will some day be profoundly altered
when nuclear power is more thoroughly developed.

The high capital costs associated with the extra~-high voltage
long~distance transmission led to an initial working hypothesis, (later
abandoned) which persisted in later misconceptions of what was required

on the Nelson., The initial concept of development of the Nelson River



was that, given thé long~distances required to transmit the power and the
high capital costs of such extra~high voltage long=distance transmission,
it was necessary to spread these costs over as many units of output as
possible. Accordingly, the concept of development chosen was one of a
plant or plants producing at high energy factors of the order of 80% or <~
greater,
An explanation should be given for.the term ®load factor®, With
a given flow of water at any given site, the generating capacity can be
greater or less depending upon the rate at which theenergy obtainable will
be required, When the energy available at a specific site is to be re-
quired at a long steady rate, the machines installed to generate power
at a specific plant operate long hours and are said to be operating at
a high load factor. When the energy obtainable at a specific site is to
be required in short intense bursts to meet peak demand, more machinery
is installed at the plant than could be operated for extended periods,
Such a plant, (normally complemented by a reservoir which stores the water
for periods of peakvdemand) is said to be operated at a low load factor,
Not only was the initial emphasis on high load factor develop=
ment but also large-scale development. This involved the creation of
greater capacity than could be absorbed by the Manitoba market alone,
The principal export markets of Nelson River power would be located
either in Toronto or in Minneapolis. Minneapolis had the advantage of
being 500 miles closer than Toronto. However, at the time of the first
planning stages of the Nelson River development, export of large blocks
of electric power on a long term basis was forbidden by federal legis-
lation, At an earlier stage of Canadats industrial development Canada

‘had permitted Canadian utilities to enter into contracts exporting



electricity to the United States for limited terms which were stated in

the contracts, However, when the terms expired; Anmerican judges were
loath to permit the Canadian utilities to withdraw from their contracts, 1
This led to an anomalous situation., Canadian factories had to pay more

for their electricity than American firms which were receiving power from
low~-cost Canadian hydroelectric sites, Thus American law preﬁented the
Coanadian sites from supplying the Canadian factoriesl Since then the
Government of Canada, which controls the export of electfic power, had
pursued a policy of preventive long~term export of electric power on any
large scale to the United States,

At the time that the development of the Nelson was being consid~
ered in the early 1960!'s, developers of the Columbia and of the Hamilton
Rivers also were considering export possibilities to the United States,
Therefore, arguments were advanced to the federal government by.thé res«
pective provincial governments at both the ministerial and government
officer level.

The first parliamentary indication of a change in the federal
policy, came in the throne speech of the Conservative government on Sep-
tember 27, 1962,

On October 8, 1963, the Hon, Mitchell Sharp of the succeeding
Tiberal administration gave a formal announcement of national power pol=-
icy. The statement included the opinion that the danger of permanently
relinquishing the output of certain power sites as a result of export
could be avoided "if export contract is made with a public utility in
the United States under reasonable terms and conditions." 1

1 Page 3300, Hansard House of Commons Debates, First Session Twenty-sixth
Parliament 12 Elizabeth IT Volume IV, 1963, Queens Printer, Ottawa.



Meanwhile the potential development of the Nelson River had
aroused considerable enthusiasm in the Premier of Manitoba, During his
second major campaign speech during the election of the fall of 1962,
the Winnipeg Free Press, November 20, 1962, carried a front page article
"Nelson River Power Roblin's 1Big Pitcht", In his speech Mr, Roblin
picked power development as his major theme and dealt with the possibility
of export. He informed his audience that his governﬁent had already begun
studies with American states and with the Province of Ontario to find an
export market., The Premier emphsized that the Nelson River development
would not only provide cheap power but also give a %remendous lift"to
the economic development of the north and of the province as a whole.
He stressed also not only the benefits of on-site employment, but also
the national significance of business given to factories across the
country and the foreign exchange earnings benefits from power sales.

Tn the meantime the federal anc provincial governments had
agreed to a cost-sharing of the investigation of the potential of the
Nelson River, On Fedruary 18, 1963, an agreement was entered into by
the Govermnment of Canada and the Government of Manitoba, under which
the former undertook to share with the Government of Manitoba the cost
of an investigation of the hydroelectric potential of the Nelson River
and the feasibility of its development. The Nelson River Programming
Board was set up, composed of representatives of Canada and Manitoba,
to carry out the investigations and administer the terms of the agree-
ment with an Administrative Committee responsible to the Board for the
overall direction and supervision of the proposed Nelson River studies.

This phase of the studies was carried out at a cost of approx-

imately $1.3 million and was shared equally by the Govermments of Canada



and Manitoba. Manitoba Hydro paid the share of the Government of Manitoba,
A report on this work was tabled in the ?arliamént of Canada and
the Manitoba Legislature on March li, 196, 1 The report found that more
than 4,000 megawatts were available on the Nelson of which 2,000 would be
available for long~term export., Based on the studies then conducted, large
scale development of power on the Nelson River could provide high load
‘factor, firm power energy on-site at a cost of approximately 2,0 mills per
kilowatt hour. High load factor, firm power energy could be delivered to
Southern Manitoba at approximately 3.0 mills per kilowatt hour, to Toronto
at approximately 1,50 mills per kilowatt hour, and to Minneapolis at approi—
imately 14,25 mills per kilowatt hour. 1
The report recommended further studies in a Phase Three of the
investigations which would require a period of two years at a total estim=
ated cost of $3,000,000,
As a result a further agreement was signed on May 27, 196k, ex~
tending the studies and investigations to March 31, 1966, and providing
an additional $3 million for this purposé. One-~half the cost of these
studies being provided by the Government of Canada,
By the late summer of 1965, the Manitoba Hydro had arrived at
a development scheme on the Nelson River for the Manitoba market alone
that was preferable to all other practicable schemes of developing the
River and that also was competitive in cost with a lignite~fired thermal
scheme. However, given the eventual erosion of the advantages of Nelson
1 Page L, Nelson River Investigations, Interim Report of the Kdministrative
Committee to the Programming Board Pursuant to the Agreement Between the
Government of Canada and the Government of the Province of Manitoba
Dated May 27, 196L, Winnipeg November 30, 1965.

1 Page 2, Nelson River Investigations Report of the Administrative Committee
to the Programming Board, Winnipeg February 6, 196k.



River energy compared to nuclear energy, an early start on developing the
Nelson River was necessary if it were ever to be undertaken. As a result
it was felt that federalvassistance for development of the Nelson was
needed at that juncture rather than deferral via the demand for further
investigations.

A report to achieve a policy decision was initially drafted by
the Manitoba representatives with approval sought from the representatives
of the Federal Government,

The report of the Administrative Committee found: 1

1. The development of capacity in excess of 5,000 megawatts
on the Nelson River was economically feasible,

2, The proposed initial development could provide power in
time to meet Manitobals 1970 requirements,

3, The proposed Phase I Development was economically viable on
its own and was consistent with the optimum development of the total poten-
tial of the river,

i, The Proposed Phase I Development would provide a firm cap-

acity of 855 megawatts and consist of the following elements:

~ Kettle site | $1L3,000,000
~ DC Transmission 114,000,000
- Churchill River diversion 20,000,000
- Lake Winnipeg Regulabion 28,000,000

5., Compared to a thermal development, Phase I is less favour-
able in the short~term and more favourable in the long~term, particularly
if followed by substantial power developments on the Nelson River.

1 Pages i and 1i Nelson River Investigations, Interim Report of the
Administrative Committee to the Programming Board Pursuant to the

Agreement Between the Government of Canada and the Government of
Manitoba, Dated May 27, 196k, Winnipeg, November 30, 1965,



While this relationship is common to most comparisons between thermal
power and hydraulic power sources, the initial higher costs of the hydraul-
ic alternative are accentuated in this case by the large element of for-
ward investments. These forward invesiment are necessary for the feasibility
of the first development but impose higher initial capital costs, However,
the forward investments would benefit and enhance any further developments,

6. While either an ac or dc transmission medium could be employ-
ed, the dc alternative should be adopted.

7. The proposed Phase I Development would accelerate the devel~
opment of dc technology with its national benefits of enabling the trans-
mission of large sources of low cost power over long distances, would
create a readily expandable pool of power for export, and provide an im-
petus to the evolution of a national power grid.

November 15, 1965, the Premier of Manitoba wrote the Prime
Minister that: 1

"The need for energy in the Province of Manitoba has reached
the point where I must appeal to you‘directly for decisions affecting
hjdro electric power policy in Manitoba," The Premiert's letter outlined
a proposed "basis of joint federal-provincial collaborationt:

u(a) the acceptance by Manitoba of responsibility for the dev-
elopment of the Kettle Rapids generation station;

(b) The qualification under the Canada Water Conservation Act
of the Churchill River Diversions works and the works required for the
control of the levels of Lake Winnipeg as an when these are put into place
with 37%% of the cost being provided by Canada and 62%% being provided
by Manitoba,

1 Tetter from Premier to Prime Minister included in documents tabled in
Manitoba Legislative Assembly Session of 1966.



(¢) The financing (and as well putting into place if‘this should
be desired) by Canada of the transmission facilities required; . . o Man-
itoba would pay for the use of the facilities on a 'wheeling charge! basis
designed to limit transmission costs incurred by Manitoba on an acbual use
basis during the early years but during the service life of the asset
should reimburse Canada for its entire investment in the transmission fac-
ilities "

The federal government was disinclined to apply the Canada Water
Conservation Assistance Act because it might constitute a precedent that
would result in a raid on the federal treasury by other provinces, Fur-
thermore, thé dc aspect of the development was particularly important to
them inasmuch as it constituted a basis for federal participation that
other projects did not possess, Thus, the concern of the federal govern~
ment officers was essentially defensive, ‘Further, the employment-boosting
oeffects of the development were not especially significant to government
administrators then in the midst of Canada's longest post~war expansion.

The Report of the Programming Board was completed in December. 1
Tt echoed the Report of the Administrative Committee in its acceptance
of the Phase I Development, It stressed that the peak period of con-
struction would not be reached until the third or fourth year; and also
that, while in a comparison with a lignite~fired conventional thermal
sequence, the Phase I Development was only very slightly cheaper, the
initial capitel requirements were much greater for Phase I. It included
1n Front Cover, Nelson River TInvestigations, Interim Report of the Nelson

River Programming Board to the Govermment of Canada and the Government
of Manitoba.



an enumeration of the 1 Mindirect and intangible benefits which accrue
to the nation and the province . . .

(a) Utilize a renewable resource for the generation of energy.

(v) Provide a source of energy which is better adapted for
utility system operation that thermal generation.

(¢) Possibly provide an opportunity to advance technology in
the field of dc transmission,

(d) Bring within reach the development of several million kw's
of hydro~electric power for domestic and export markets over the next
twenty years. Investment in Phase I Development economic in itself, has
the decided advantage of providing the essential base for the development
of additional Nelson River sites.

(e) WMeke available a large source of low cost energy in a region
of mineral deposits and forest resources.

(f) Make power available in Southern Manitoba and play an ime
portant role in the export of power beyond the boundaries of Manitoba,"

The report concluded that the large scale of the Nelson River Phase 1
Development would be larger than public utility considerations would
justify, and, therefore, unless a cooperative basis of development emerg=
ed, a pattern of development would be followed which would be less economic :
over the long term.

Not until February L and 5, 1966, was agreement on the proposed
development reached by meetings between representatives of Manitoba in-
cluding the Premier and representatives of Canada including the Ministers

of Finance and of Mines and Technical Surveys.

1 Pages 6 and 7 ibid.



The agreement in principle provided for assistance from ‘the
Federal Government through construction and finsncing of the transmission
1ine which would then be leased by Manitoba Hydro., 1 In the interest
rate to be employed in the schedule calculating the costs of leasing Man=
itoba was given the choice of either of two methods. By the first method,
a single rate of 5 5/8% would be applied to a1l funds spent by the Govern-
ment of Canada or its agency on the transmission line. That was the rate
the Govermment of Canada was charging its Crown Corporations, This was
determined by a long~standing practice reflecting the market yield on
their long~term issues and the other costs incurred by the Government of
Canada in borrowing.

The alternative method of calculating interest costs, would be
by aformula that would determine the amount payable on accounts invested
each quarter-year, as would be done for Crown Corporations. The rate would
be the average rate of yield in the market bn actively traded long-term
Government of Canada issues in the 1ast five trading days of the month
preceding the quarter-year under discussion, plus 0,125 percent for ad= |
ministration, with the total rate then rounded to the nearest 1/8th of
one percent,

The first method would protect Manitoba against further in-
creases in the rate of interest during a period of high interest rates;
the second would permit Manitoba to take advantage of possible future
decreases in interest rates. The Government of Canada refused to consider
any combination of the abovees

Tn both cases, although Manitoba Hydro would lease the line
1 TIetter, Minister of Energy, Mines and Natural Resources to Premier

of Manitoba, correspondence tabled in Manitoba Iegislature Session
of 1966,



from the Govermment of Canada or its agency, 1t would have to assume
all the operating costs of the line,

The system of payments of the leasing agreement was to be des=
igned to lessen the financial burden on Manitoba Hydro during the first
ten years,

Manitoba was given the option to purchase the trammission line
at any time at the Federal Govefnment's vnamortized cost.

The Government of Canada required the assurance that power from
the Nelson River would be available on "favourable terms" to other prov-
inces, reflecting the arrangements between the federal govermment and the

Government of Manitoba,



PART TWO

ECONOMIC IMPACT OF NELSON RIVER DEVELOPMENT



CHAPTER THREE

DIRECT BENEFITS AND COSTS

The responsibility of the Manitoba Hydro Electric Board as set
out in its Act is "to provide for the continuance of a supply of power
adequate for the needs of the province and to promote economy and effic-
iency in the generation, distribution, supply and use of power". To
perform these duties the utility is confronted by a number of basic
economic characteristics of the electric utility industry which in sum
give capital budgeting and investment planning special significance in

the electric utility industry.

Basic Economic Characteristics of the Electric Utility Industry

1. The demand for the product, electricity, is derived indir-

ectly. It performs a whole series of very vital functions in conjunction

with electric devices and appliances. ‘When this préduct is called into
service by the flick of a switch, unless the power is immediately avail-
able, bj and large, the customer is inconvenienced. There is no readily
available substitute gnd no customer inclination to waitiné.

2. 'The product, electricity, camnot be stored economically.
As a result, enough power must always be generated in the system in
order to meet immediately the total demands of the customers.

3. A long lead time 1s required to bring new capacity into
service - approximately five years.

4. The industry is capital-intensive, probably more than any
other industry both with respect to the generation facilities required to
produce the energy and with respect to the substantial transmission and
distribution facilities required to transport the energy to the final

customer.



5. Considerable economies of scale are available.

6. Counterveiling the economies of scale is the neecessity to
hedge against the risk that a major component of generation or trans-
mission capacity will be tempoiarily out of order. With any generating
machine it is known in advance that on occasion it will be out of service,
be it for scheduled (and hence predictable) or for unscheduled repair due
to failure of one of its parts. This limits the capaecity that any par-
ticular system can ever entrust to one particulax element.

T. Electric generation equipment has a very long service life.
Hydroelectric projects, for example, have a full service life of fifty
years or more. This mskes it necessary to plan far into the future in
order to have a reasonably clear view as to how these facilities will per-
form.

8. The technology of the industry is developing at & very rapid
rate. American studies indicate that since the turn of the century the
electric utility industry has consistently been one of the most rspid to
incresase the productivity of its employees, having registered annual in-
creases of about 5%% per man. 1 Studies of the Manitoba electric utility
industry indicate productivity per man showing annual increases in the
order of 6%.

| These facts combined explain the importance of the whole
aspect of planniﬁg in the electric utility industry. Perhaps relatively
more attention is given to planning on é long range basis in the electric
utility industry than in any other industry.
Page 10 -
National Power Survey.

U.S. Federal Power Commission Part 1.
U.S. Government Printing Office, Washington, 1964.



Sequential Analysis

The attention given to planning in the electrical utility in~
dustry hés given rige to the developmént to a very soPhisficéted level
of the analyéis of the interrelationships of the proposed capital addi-
tion and those succeediné with the present éapital assets in the elec~
trical system. The detailed analysis of these interrelationships is

called seguential analysis.

For any industry, the_addition of & new source Of capacity
has consaquénces on the pattern of development of future capital
additions, Once the decision has been made to'run a railroad through
one town, it makes little sense to locate the switching facilities in
another lacking a r;ilroaﬁ no matter what other locational advantages
there may be. And a decision to make a certain capital addition, while
it closes doors fof some patterns of deveiopment, raises the possibiliiy
of a wide range of succeeding aiternative deciéions. Two investment
decisions may have consequences thai range from compietely complementary
‘ta completely competitive with a mid-point of being completely indiffer-
ent. “ |

In aﬁ aﬁalysis of such conseéuences a sufficiently iong time
period must be allowed to trace such consequences and assess the overall
wisdom of the addition. Too short a time period could permit conclusions
directly contrafy to those which should be drawn. For ekample, it is
possible to derive an immensely profitable retwrn on many investmenﬁs for
repair and modernization. Without this increment of‘cépital, all income
»stbpé! Such reaéoning would support the_gradual reconstruction piece by

piece of a railroad that should never bave been built in the first place.




.HOW much time is su:ficient time?. The setting of the time
period for exsmination of the conéequences.of a deéisiéq to add capacity
is partly arbitrary and constitutes one of the weaknesseé of sequential
analyéié.' Before enlarging upon this weakness a more detailed deScrip-
tioﬁ‘of‘sequential analysis is necessary.

Sequential analysis is a method of comparing the economic
merits of alternative sequences of power development. The first step
in a sequential analysis is the prepération of a load forecast. The
most common method of preparing a load forecast involves the extrapola-
tion of recorded lbad growth either by a regression equstion or by an
average of recorded percentage growth rates. Frequently, an upward
adjustment is made for large increases in demand that are expected to
materialize within the immediate future of four or five years. Gener-
ally, the confidence limits of the regression equation or of the average
growth rate are drawn. The upper limit of the estimate probably at a
95% confidence level is then treated as the required minimum capacity
for each respective year. For each year this amount is regarded as
fixed. This load demand must be met. Failure to do so leads to immediate
rejection of the plan. On the other hand, any capacity above the load
forecast aside from a percentage reserve for contingencies in the system
is considered of little value.

An explanation is required of two meaning of "capacity" en-
countered in public utility economics. In one sense, "capacity" refers
to the generalized ability of a plant to produce. In another sense,
"ecapacity" as opposed to "energy" means demand for a rate of delivery of
energy. In this sense, the loadrforecast is prepared for both the demand

for energy and the demand for capacity.




Once a load forecast has been prepared, & plan, or where alter-
natives exist a series of plans, must be arrived at to provide for both
capacity and energy requirements. At this stage of the analysis the con-
cern is primarily with the physical factors of what types of machinery
and equipment can be installed 8mdwith general engineering principles
including hedging the risk of unit outages. For hydraulic installations,
at this stage it must be ascertained that the proposed pattern of provi-
ding for capacity also provides sufficient energy.

After the decision has been made a&s to what types of plants
should be built and what the pattern of their introduction ought to be,
the annual costs associated with the chosen assets are estimated for each
respective year including both the fixed costs of interest and deprecia-
tion and the costs of maintenance and opération as well as the energy
costs for fuel or water rentals charged by the provincial authorities.

Once the annual costs for each year have been estimated they
are converted for each respective year into their present value as of &
specified base year, generally the year of the first addition. The present
value of the annual costs are then accumulated for every year of the period
under study and the series with the lowest accumulated annual costs would
be the most ecénomic barring criteria extraneous to the previous cost
compilations.

To an economist, there appear to be two major sources of weak-
ness to the sequgntial analysis method. First, the prediction of load
growth as an extrapolation of past demands for plant does not seem to
recognize directly important factors sﬁch és anticipated changes in pop-
uletion and economic growth and pricing factors such as the relative

prices and availebility of alternative energy sources. Secondly, the



reliance on past trends and known technology seems to ignore the fact

that both the demand for and the supply of electric power are subject

to considerable risk and uncertaiﬁty over the usual 20-year period'of
study. There is always s hazard of the "tail wagging the dog"” in that
assumed plant additions ten or fifteen yéars later can alter the economic
attractiveness of an addition to be made immediately although no one
really knows what type of plant possibilities may then exist. The further
into the future ﬁhe~time period under eonsiderétion extends, the greater

the uncertainty attending the assumptions to be made.

Relative Cost Structure Alternative EBlectric Séurces

Electric power can be produced a number of ways as far as the
study of physics is concerned. Howev r, from the point of view of public
utility economics only a limited number of alternativgs are open, nemely
hydroeléctric dams, nuclear thermal plants, céal-gas or oil fired thermal
plénts and gas turbines for large systems (diesel plénts can be used for
small local service). Table 3.1 shows the comparative cost structure of

hydro, ligniﬁe-fire&'thermal, nuclear and gas turbine electric generating

plants. Graph 3.0 shows their comparstéve cost behaviour at different
load factors. o

Each source of energy has its own specific characteristics which
make it more sgitablé;to,certéin types of energy réquiremeﬁts then others.
High load factors are necessary on nuclesr or hydraulic plants to distribute
the high fixedrcosts and realize the economiés of their low energy costs.
Gas turbine plants are a éheap séurce'of capacity but their high fuel costs
make them an expensive source of energy. Hydro plants in dry years dq not

1. Pages 309 and 311 - E. Kniper, Weter Resources Development;
Butterworth and Co. ILtd., London 1965. ,
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have the same amount of energy that they have in normal or wet years.
Coal-fired thermal plants are not dependent upbn the weather. In fact,
thefﬁal plants with their reliable energy can be used to permit hydro
planté to operate at higher load factors since water, which ﬁéuld other=-
wise have to0 be stored in a reservoir as & protection against years of
low flows, could be used to generate electricity. Thermal plants operate
most efficiently when they produce heat continuously; indeed, there
appearé to be objectiéns to shutting a nuclear plant for any appreciable
Yength of time. Coal~fired thermal plants have the advantage of being
operablé at high or low load factors although at very high load factors
the high fuel costs offset their advantage due to their low capital costs.
A major advantage of hydroelectric plants is the fact that a hydraulic
turbine begins to operate almost as sodn as the water begins to flow
through it. Gas turbines have the same advantage of requiring 1ittle
start-up time but the other sources require some advance period of warming
up before they can begin generation. Hydro-electric turbines' short start-
up time and the fact that once a dam has been built additional turbines
can be added at low incremental cost make hydraulic capacity very attractive
| as a source of potential peaking capacity.and the transition from base to
pesk loading can be accomplished readily in a limited hydro expanding

systen,

Cabital Reguirements for Development of the Nelson River

Devélopment of the Nelson River could involve power dams not
only on the Lower Nelson and Upper Nelson bub also along the diversion‘
route of the flows from the Churchill River. Moieover decisions to

regulate the level of Lake Winnipeg and to divert some of the flows of



the Churchill River affect the design and power installation at most of
the sites. Therefore, not only are there several potential sites in the
Nelson River development, there are also many possible patferns of ex~
pioiting any particular site depending upon whether the flows available
are those of the river in its natural state or those augmented by the
Churchill River, those assisted by the regulation of the lev el of lake
wW‘innipég, or those with both flow improvements added. Following is &
‘summary of the costs and capacities as estimated in the late summer and
fall of 1965 when the decision.to developkfhe Nelson River was made (es-
timates are subject to a continuous process of review and revision as

further information becomes available):

TABLE 3.2 CAPITAL COSTS OF NELSON RIVER SITES
Installed Capital Capital Cost Per
Capacity Cost Installed Kilowatt

(megawatts) ($ millions) ($/KW)
Ugger Nelson

River in Naetural State

Bladder Rapids 317 95.6 301
Kelsey fully developed for available flow

River with Lake Winnipeg Regulation apd Churchill River Diversion

Burntwood River Diversion enters downstream of Upper Nelson

Lower Nelson
River with Churchill River Diversion, Leke Winnipeg Unregulated

Upper Gull 251 82.9 ’ 330
Lower Gull 291 8.1 282
Kettle 513 105.4 205
Long Spruce 439 108.5 247
Limestone : 988 198.9 201
Gillam Island ho2 , 97.9 232
1. page 29, Nelson River Investigations, Interim Report of the Admini-

strative Committee to the'Programming Board Pursuant to Agreement
Between The Government of Canada and the Governmment of Manitoba

dated May 27, 196k.



TABLE 3.2 (continued)
Installed Capital Capital Cost Per

‘Gapacity E Cost Installed Kilowatt
(megawatts) ($ millions) ($/xW)

River wigg,churéhill River Diversion and lake Winnipeg Regulation

#*z) Assumed Design Flow -‘l@@ﬁ®®® cubic feet per second

Upper Gull 334 98.7 296
Lower Gull 388 97.8 252
Kettle - 684 121.5 178
Long Spruce 586 12k.9 213
Limestone 1,317 : 230.1 : 175
Gillam Island 562 115.2 205

*¥p) Assumed Design Flow - 100,000 cubic feet per second

Upper Gull 418 11h.7 27h
Lower Gull : , 4185 113.5 23k
Kettle 855 137.8 161
Long Spruce 732 141.2 193
Limeston e 1,646 261.3 159
Gillam Island 703 132.5 188

*Assumed Design Flow has to do with the turbine capacity
.installed at a site rather than with the direct physical
properties of flow and drop in elevation.

Burntwood River

Totigi 100 'not available
Wuskwatem 226 " "
Manasan 126 "
'First Rapids 138 " "

- Cost estimates do mot include provisioﬁ for spare capaclity.

In addition to the cost of the hyaroeléctric dams, there are
substantial capital costs involved in the flow improvement works. Regu-
lation of Lake Winnipeg would‘require $28,900,000 and diversion of a
portion of the flows of the Churchill River would require $20,500,000

for the Burntweod-Southern Indian lake routing.



Capital Reguixements for Transmission

The trensmission of power from the Nelson to Southern Manitoba
could be do;e by either of two electrical methods - alternatiné current
or direct current - and by following either of two routes - one east of
lake Winnipeg, the other west of Lake Winnipeg. The Eastern Route would
be shorter than the Western (apprbximately 520 miles from Kettle to Win-
nipeg compared with 610). However, the terrein encountered by the Bastern
Route is quite difficult to approasch due to the limited transportation
facilities and roads in the area. Moreover the Eastern Route passes
across muskeg, trensverse water courses, boulder-strewn terrain and
sections of little or no overburden for tower footings. Construction
along this route would very likely involve resort to helicopter erection
methods throughout ~ an expensive and wééther-vulnerable method.

In cbmparison, the Western Route has readily available access
over the greater part of its total length and soil and construction con~
L&itions are better known frém parallel transmission lines.

Becsuse ac transmission requires intermediate switching stations
along the route, it was concluded that the Western Route was superior for
ac tranémission. For de, the Eastern Route has a smaller capital cost but
the uncertainties of construction in that more difficult terrain and the
subsequent difficulties for operation and maintenance would support ﬁhe
choice of the Western Route.

| The choice of direct current technology in comparison to alter-
nating current technology was a matter of much more involved considerations.
Bach-technology has its particular advantages and disadvantages. The
earliest generating stations employed dc transmission technology but at

low voltages the losses in energy vere exceSgive. Employment of ac re-



duced losses at stepped-up voltages to an acceptable level. However, over
léng distances ac transmission becomes very delicate and instable being
subject to disturbences which prevent the power from ever reaching its
 destination. Furthermore, transmission losses are nill.

There has been & resurgence of interest in dc technology for
lohg-distahce trénsmiésiqn’at extreme voltages where the exéessive losses
do not prevail., As of $965,’five major dec installa%ions were in service
in the world and three others’are in the design or construction stage.
With total distances of over 600 miles frdm the Nelson River to Southern
Manitoba, over 1,000 miles from the Nelson River to Minneapolis and over
1,600 miles from the ﬁelson River to Toronto, the Nelson River transmission
requirements were then amoﬁg the longéét known to have been considered in
the world. In‘an electrical sense, dc in effect moves the Nelson River to
Southern Manitoba and the delicacy of interconnecpions with other large
systems is accordingly modified. Also, the need for switching stations
is removed and maintenance and operation of line and terminal convertor
stations is simplified considerably.

In addition to the electrical advantages, dec technology exhibits
certain cost savings in long distance transmission. As an example, the
tower required to carry the line is smaller and less expensive.' On the
Western Route, the cost advantages of dc are reflected in the comparative
cost per mile of a 500 kv guyed "V" No. 1 line of $75,600 for an ac line

and $54,000 for a 450 kv dec line.

TABLE 3.3 COST OF LINE ALONE

EHV ac

Eastern Route

(1) Rigid Towers U478 miles x $86,000/mile = $41.1 x 10°
(11) Guyed Towers 478 miles x $76,000/mile = $36.3 x 166

1. Source Manitoba Hydro



TABLE 5.5 ‘continuedz

Western Route 6
(1) Rigid Towers 610 miles x $70,500/mile = $43.0 x 10¢
(ii) Guyed Towers 610 miles x $62,700/mile = $38.3 x 10
For the EHV ac line cost itself the Western Route is about $2,000,000 cheaper.

AC is also subject to a cost of $35,700/mile for T5% shunt compensation, 80%
series compensation located in stations and switching station facilities.

BHV dc
Bastern Route

(i) Rigid Towers 478 miles x $71,700/mile = $3h4.k x 106
(ii) Guyed Towers 478 miles x $65,100 mile = $31.1 x 106

Western Route

(1) Rigid Towers 580 miles x $58,000/mile = $33.6 x 10°
(i1) Guyed Towers 580 miles x $54,000/mile = $31.3 x 10

The Western route is marginally more expensive for rigid towers and marginally
less expensive for guyed towers.

For BHV dc the cost of the convertor station would be in effect equal for both

routes. You cannot leave out convertor costs im & comparison of ac & dc ~ this
is a major item.

Comparitive Sequential Development

In the actual comparison of the relative costs of developing the Nelson
River compared with developing additional coal-fired thermal capacity, many alternative
combinations were studied by a large professional staff having access to
computer facilities. To attempt to perform the same analysis is beyond the
purposes of this paper but it is possible to discuss the results of those

studies.

Not only were sequences of development considered that were limited
to the goal of providing capacity for Menitoba, but various export possibilities
were examined. waever, at the time when Manitobe Hydro had to make a decision
whether or not to develop the Nelson, the export possibilitigs were still too
indefinite to inclu@é them as firm plans affecting the decision. In the end, the

decision turned on whether or not Nelson River



power was cheaper for the Manitobe market slone than coal~fired thermal power.
(Fortunately, the Nelson River sequence which justlfled itself on the basis of
lowest cost also left oﬁen the option to eXpand capacity for export at a later
date.)

As has been stated before, in sequential analysis, the comparison between
alternative schemes of development is made on the basis of the accumulated value
of the present value of annual costs entailed by each of the respective series of
capacity additions. It was found that for two alternative sequences of development
of Nelson River power, oOne wtilizing EHV AC and the qther EHV DC trensmission,
there was little cost: dmfferencebetween them, as a result the technical virtues of
DC technolbéy, in respect to stability, became the basis for selecting DC
transmission.

Consequently, a comparison was made between the NelsonaRiver EHV DC sequence and
the coal-fired thermal sequence (an overs1mpllf1catlon since there in fact, many
Nelson River EHV DC apnd maeny coal-fired thermal sequences were considered).

An exemination of the best EHV DC Nelson Rlver sequence and the best
coal~fired thermal sequence indicates that the comparative sequences of development
_are as indicated in Tables 3.4 and 3.5 and the comparative sequences of present=
valued costs are as indicated in Tebles 3.6 and 3.7 and Graph 3.1.

A study of the two alternative sequences of development'indicates that in
the short-run, development of thermal capacity. would provide the lowest cost

power and energy to meet Manitoba's fpgecast requirements, while in the longer
term, Nelson River power becomes cheaper.

i- Graph 3.1 is & comparison of the excess of Nelson River sccumulated
discounted costs over the cofre8ponding coal-fired thermal costs. It may be
seen that the hydre sequence would be more expensive than the thermal sequence
for the first eighteen years. Over the first twenty-year period the accumulated
present value of the snnual costs discounted at 5% interest to 1969-T0 would

be $372,420,000 for a cosl-fired thermal sequence and $361,550,000 for the

Nelson River sequence commencing with the Phase I Development. The ratio of



these costs is 1.03: 1.00 which is hardly a marked advantage for the Nelson
_River sequence particulérly when consideration is given to the greater initisal
capital requirement associated with it and t9 the assumptions employed in these
two sequences.

It should be noted that assumptions employed for the comparison of these
two Sequemces of development géhera;ly favour the hydro electric development.
For example, the assumed rate of growth of demand in the ioad forecast is based
on a period of rural electrification and higher population growth than appears
sustainable in the future. Confidential population predictions of 1980 by the
Bconomic Council of CanadaAshow slower rates of population growth in Manitoba.
Moreover, the growth in demsnd for elec?yicity is more rapid when introduced
into an area which has been deprived of it thgn isAthe demend for electricity
in an area which has had a long time to adjust tovits availibility and acguire
the appliences and labour~-saving devices necessary to utilize 1t. Historically,
the demand for the product of many industries has been observed to grow
according to the Lorenz curve - slowly at first ‘but at an increasing rate, then
rapidly, and finally at a decreasing rate until it is growing slowly again.
Projecting growth from a period of rapid exyansidn does not recognize such a
trend although the period examined extended thirty-five years into the future
from the year of the decision, These projected growth rates in demand favour
the Nelson River altérnative since they reduce the pefiod of initial excess
capacity that is required to make construction of a minimum sited generating
transmission plant possible. Slower load growth projecting would favour both
thermal sequences because thermel plants can be added in smeller units more
tailored to slow load growth and because thermal plants have a much smaller
proportion of fixed costs relative to total costs so that less must be spent
for unutilized capacity.

The assumed interest rate used to discount annual costs in both

sequences 1is 5%%, a rate lower than that obtainable by the electric utbility



during the initial years of the dévelopment. Lower interest rates favour
hydroelectric projects since they reduce the severity of high fixed costs,
particularly during the initial period of exééss capacity, and since, as a
discount factor, they reduce by a lesser amount the ultimate advantages of a
vhydraulic source compared to a thermal source in ieSpect to generation of
electricity at high load factors. Moreover, it will be argued in another
chapter that there are good reasons to believe that market imperfectlons make
the rate of interest on electric utility projects (particularly hydroelectric
projects) lower than.its actual opportunity cost in the overall economy, say,
'in relation to housing.

Finally, in the thermal sequence the only allowance for technological
improvement is through the use of larger units in the last years and by the
ultimete resort to nuclear capacity. But the costs applicable to such
capacity are ‘the 1965 costs although repid technological improvement is likely
in the case of thermal energy but only slow technological improvement can be
expected from hydraulic energy since it is already a highly developed field with

| high efficiency rates associated with its generating units.



SUMMARY OF SEQUENCE ¥-32K FOR NELSON RIVER DEVELOPMENT
TABLE 3.4 1 AT 125,000 CFS DESIGN FLOW AND
o HVDC TRANSMISSION TO WARREN, MANITOBA

Forecast Forecast
Peak Firm
Load at Energy at
Power Generation Generation
Year M 10°KWH System Additions
1969/70 1260 6148 Capacity and energy purchase
70/71 1370 6626 Kettle (6 units), 2 HVDC trans-
mission ccts Kettle~Warren with
one monopolar station at each
end, Churchill River Diversion
71/72 1458 702l
72/73 15L5 7hh5
73/7h 1638 7892 : Kettle (L units)
/75 1736 8365
75/76 18Lo 8867 Loke Winnipeg regulation
76/ 17 1951 | 9399 Gas turbines (3=56 M{ blocks)
77/18 2068 9963 Gas turbines (2=56 M¥ blocks)
78/79 2192 10561 Gas turbines (3=56 M blocks)
79/80 232h 11195 Long Spruce (6 units), 2nd HVDC
cct, to monopolar operation
80/81 2L63 11867
81/82 2611 12579
82/83 2767 13333 Long Spruce (L units
83/8l 2933  1b133
8l/85 3109 . 1hoB1 Gas turbines (3=-56 MW blocks)
85/86 3296 15880 Gillam (6 units), 1 HVDC cct,
' to bipolar operation
86/87 3hok 16833 Gillam (L units)

1 Plates 16 and 17, Nelson River Investigations, Interim Report of the
Administrative Committee to the Programming Board Pursuant to Agree-
ment between the Government of Canada and the Government of Manitoba
Dated May 27, 196k
Winnipeg, November 30, 1965.



Power
Year

87/88
88/89
89/90

forecast Forecast

Peak . Firm
Toad at Energy at
Generation Generation

M 10CKWH

3703 17843

3926 18913

L161 20048

System Additions

' Gas turbines (5~56 MW blocks)

Tower Gull (6 units), 2nd HVDC
cct, to bipolar operation



STMMARY OF SEQUENCE X-27K.FOR ALL

TABIE 3.5 1 THERMAL DEVELOPMENT IN MANITOBA
Forecast Forecast.
Peak Firm
Load at Energy at
Power Generation Generation
Year M 10° KWH System Additions
1969/70 1260 6148 Thermal unit (150 Mw at Brandon)
70/71 1370 6626 Thermal unit (150 Mx at Brandon)
/72 1458 702k - Cas turbines (2456 Mx blocks)
72/73 1545 7hl5 Thermal unit (150 Mw at Kemnay)
73/7hL 1638 7892 Gas turbines (1-56 Mw block)
h/75 1736 8365 ~ Gas turbines (2a56 Miw blocks)
75/76 18Lo 8867 Thermal unit (150 Mw at Kemnay)
6/77 1951 9399 Gas turbines (2=56 Mw blocks)
77/18 2068 9963 Thermal unit (150 Mw)
- 78/79 2192 10561 Gas turbines (3-56 Mw blocks)
79/80 232 11195 Thermal unit (150 Mw)
80/81 2163 11867 Thermal unit (150 Mw)
81/82 2611 12579 Thermal unit (150 Mw),
Gas turbines (1=56 Mw block)
82/83 2767 13333 Gas turbines (3-56 Mw blocks)
83/8L 2933 14133 Thermal unit (300 Mw)
8L/85 3109 14981 Gas turbines (2«56 Mw blocks)
85/86 3296 15880 Thermal unit (300 Mw)
86/87 3Lk 16833 Gas turbines (3~56 Mw blocks)
87/88 - 3703 17843 Nuclear (300 Mw)
88/89 3926 18913 Nuclear (300 Mw)

1 Plates 18 and 19, Nelson River Investigations, Interim Report of the
Administrative Committee to the Programming Board Pursuant to Agreew~
ment between the Government of Canada and the Government of Manitoba
Dated May 27, 196L
Winnipeg, November 30, 1965.



Power
Year

1969/70
1970/71
1971/72
1972/73
1973/7kL
1974/75
1975/76
1976/71
1977/78
1978/79
1979/80
1980/81
1981/82
1982/83
1983/8L
198L/85
1985/86
1986/87
1987/88

- 1988/89

1989/90

Table 3.6

SEQUENCE X~32A Nelson River Development -

Accumulated Annual Costs Present Valued to 1969/70

Accumulated

1969/70
Worth !
$106

3.25
12,16
27495
42,98
57497
72489
87.81

103,42
119,43
135,88
15h .82
17641k
196,60
216,28
235451
25l .45
27h,81
296,k
318.09
339435
361,55

1 Source -~ Manitoba Hydro

1



Table 3,7

Sequence X=27A All Thermal

Development ~ Lccumulated Annwal Costs Present

Valued to 1969/70 1

Accurmulated
“I8/T0
1969/170 | 34 7L
1970/71 9453
1971/72 17,36
1972/73 27,1k
1973/7h 38,60
1974/75 51,00
1975/76 6,76
1976/77 798k
1977/78 96417
1978/79 113,94
1979/80 132,90
1980/81 152,64
1981/82 173aL5
1982/83 195,10
1983/8L 217.95
198L/85 2h1, 71
1985/86 266.,1L
1986/87 291,28
1987/88 317,33
1988/89 3bk,61
1989/90 372,42

1 Source =~ Manitoba Hydro



CHAPTER FOUR

SECONDARY EFFECTS OF NELSON RIVER DEVELOPMENT

The development of power on the Nelson River would affect not
vonly the power costs of the local electric utilities but also the Manitoba
and Canadian economies, The potential effects fall into three general
categories:

1. Employment Effects

2, Balance of Payments Effects

3« Longwterm and Minor Effects

1, Employment Effects

One of the most immediately apparent effects of construction'of
dams in northern Manitoba is its employment effect, Further, it should
not be forgotten that the construction industry plays a particularly import-
ant social and economic role in the community, The construction industry
absorbs many members of our society with less than average education or
employment skills. Construction is a usual source of employment for new
immigrants, And construction, it must be said, accepts many individuals
whose social adjustments and practices would not be accepted in other em~
ployment enviromments,

The employment boosting effects of construction of‘hydro electric
dams 1in northerh Maenitoba on the Nelson River can be roughly divided into
three classes:

1. On=site employment in construction and related activities;

2. Services and supply employment maintaining the onw~site labour
force and construction activities,

3« FPactory and other labour involved in the manufacture of the

requisite supplies and materials,



While no great precision can be attained, a rough quantification
of the employment generated by Nelson River construction is pertinent to

any appreciation of the economic attractiveness of developing the river,

(a) On-Site Construction Labour

A11 the dams proposed for consﬁruction on the Nelson River, as
well as 2ll the works for the flow improvements of the Lake Winnipeg Reg-
wlation and Churchill River Diversion are of the earthfill gravity dam
type. This type can roughly be described as consisting of rock and earth
£i11 piled up in a high dike with a very large base in relation to its
width at the top., Such a dam remains in place and restrains the flow of
water due to the weight of its massive bulk and the stability of its wide
base, All other hydro electric dams in Manitoba power utility construct-
ion experience have been of the concrete gravity dam type. While somewhatb
similar in the engineering principles by which it restrains the flow of
water, these dams obviously use proportionately much more concrete in
their construction. The remoteness of the Nelson River power sites and
the availability of suitable earthfill precluded resort to concrete as
a major building material, Despite this one difference in construction
meterials many of the other steps in the construction process and compon-
ents of the proposed structures are similar to those employed in the
recent concrete gravity dam experience of the Manitoba vtilities, Furth-
ermore, each hydro electric development is in many significant réspects
unique and distinct from all other hydro electric developments, What is
applied in the design and construction of these structures is not an
assembly-line procedure but a body of knowledge, a catalogue of experience

in dealing with similar but not identical conditions. Each hydro electric



development is the pfoduct of the application of human intelligence and
experience to certain fixed and unalterable conditions of nature., These
fundamental:phenomena, the flow characteristics, the geology of the river
bed, natural falls and potential reservoirs, combine to present a unique
and distinct set of premises upon which this body of knowledge must oper-
ate to prepare a suitable control of the river to justify installing water
turbines,

There will always be a marked variation in labour requirements
from site to site even if both of them are of the same construction type.
However, there would be a general similarity in the labour types required
by either the concrete gravity and the earthfill gravity types of construc-
tion, Both types would require labour for roughly similar duties of site
clearing, dyking, coffer-damming, excavation, turbine and fixture installe-
ation, etcetera, Although an exact relationship between capital costs and -
labour requirements camnot be found for each specific construction type,
given the variability from site ﬁo site, employment requirements for a
concrete gravity dam ffould be a serviceable rough guide to the requirements
of an earthfill gravity dam although not as good as figures based upon em-
ployment at an earthfill gravity dam in Northern Manitoba., But the more
comparable figures have not been compiled because no such construction had
taken place in Northern Mamitoba before.

As a very rough guide, the experience with the Grand Rapids
concrete gravity dam should be as acceptable as an indication of the man-
power requirements of Nelson River construction as any other informetion
source, Given the uniqueness of each project, no other project can claim
to be more directly comparable and the Grand Rapids project was constructed

under Northern Manitoba construction conditions.



\

Each Grand Rapids Generating Station monthly report 1., included
figures on how many men were there for the month, By adding the reported
manpower for each month, total employment on the Grand Rapids project may
be estimated at 3,750 man years., (A man year means that a men would be
on=site for twelve months,) The capital cost of the Grand Rapids dam and
powerhouse is $102 million, Therefore, 36.8 man years were required per
million dollars of construction cost,

Capital costs for the most expensive development at each of the
Nelson River sites and the resultant estimated total man years of employ-

ment are shown in Table l.l.

1 Manitoba Hydro



ESTIMATED CONSTRUCTION EMPLOYMENT

TABLE L,1 1. AT NELSON RIVER SITES
Capital Total
Site Costl Employment
(4$000,000) man years)
Kebtle 138 5,100
Long Spruce 1h1 - 5,200
Limestone 261 9,600
Gillam Island 133 lt, 900
Lower Gull 11h 4,200
Upper Gull 115 1,200
Kelsey Extension 217 1,000
Churchill River Diversion 21 800
T2ke Winnipeg Regulation 29 1,100

Total 36,100

Transmission Construction

A survey of working orders of transmission line construction in
Manitoba discloses that aboubt 20% of the total cost is for labor. 2.
In the opinion of transmission line experts; there is no general reason
why this proportion would alter radically for a large EHV line but the
proportion for any specific line could vary sharply due to the particular
construction problems encountered,

The cost per mile of a L50 kv line was estimated at $70,500 by
Manitoba Hydro and 2 minimum of two lines would be required, Table h.2
contains the estimated approximate employment due to construction of trans-
mission lines from Kettle Rapids to specific markets, |
1 Source: page 29 Interim Report of Administrative Committee November 30, 1965

Winnipeg 1965

2 Manitoba Hydro



ESTIMATED CONSTRUCTION EMPLOYMENT FOR

TABLE L,2 TRANSMISSION LINES FROM KETTLE RAPIDS
Terminus Capital Total
Cost Employment
(000, 000) (man years)
Winnipeg ' 8L ' 1,600
Toronto 166 3,200
U.S. Border (destination Minneapolis) 80 1,600

(b) Services and Supply Lebour

Maintaining the onmsite labour force and construction activities
will reqguire employmeht in auxiliary services such as transportation, bank-
ing and finance and other industries., The development of auxiliary employ-
ment has been a convenient source of justification for various "makewwork®
projects, The question must always arise whether these workers would nob
casily be otherwise or elsewhere employed, Clearly, conservatism is des-
irsble in an area so clearly prone to abuse, The Manitoba employment
multiplier has been estimated at between 2.0 and 2,2 1.

(¢) Mamufacturing Labour

Neison River construction wili require manufactured articles both
as components of the finished product - the hydro electric dam ~ and as the
tools employed in building the product. vIt should be noted that much of the
employment for such articles would occur in jurisdictions other than Manitoba,
This is an area of challenge, A perusal of the requirements for manufactured
goods indicates that most, if not all, of the requirements for manufactured
goods would be supplied from other jurisdictions, However, many could be
producéd in Manitoba,

1 page 111 - 2 = 5 Report of the Committee on Manitoba's Economic Future,
Queen's Printer, Winnipeg, 1963



2, Improvement in the Canadian Balance of Payments

It has been proposed that export of Nelson River power would be
a substantial foreign exchange earner and would thereby improve the Cane-
adian balance of payments on current account. While this could be true
during export years there is just as much likelihood that Nelson River
power would cause an overmall‘deterioration in the Canadian balance on
current account., NMoreover it may be questioned whether balance of payment
considerations are a legitimate investment criterion in modern day govern=-
ment with its more immediate and controllable fiscal, monetary and exchange
rate tools,

Initial Deterioration During Construction Period

During the years of construction the rise in investment will tend
to boost the national income, As the national income rises imports and save
ings will rise which will limit the rise in incomes, Whether the rise in
income will consist only of inflation of prices depends upon whether there
is excess capacity or full employment of the national resources. To avoid
inflation if the economy is in a state of full employment, all of the re=
sources for the extra investment must be borrowed sbroad and the balance
on current account will deteriorate by the full $250 or $400 million re-
quired to construct the facilities to export the 800 M# or 1200 M¥ as the
case may be. There would undoubtedly be some price inflation which would
require greabter construction expenditures than estimated, Deterioration
in the balance on current account can limit the price increase,

If there is excess capacity in the economy during the construc-
tion period the rise in incomes occasioned by the extra investment will
provide some extra savings which will be available to finance the invest~

ment and thereby limit the amount which has to be borrowed abroad. This



would limit the necessary deterioration in the balance on current account
perhaps to as much as half the construction cost., The actual amount by
which the balance on current account would be worsened by Nelson River con-
struction depends on a number of dynamic and volatile factors affecting
savings and imports, The more rapidly imports rise with income the more
the balance on current account will be worsened. The more slowly savings
rise with income the more the balance of payments will be worsened, Can-
adian imports have been observed to rise rapidly with income while savings
usually rise slowly during a prolonged period of expansion of incomes., It
is probably therefore that the largest part of the construction costs of
the Nelson River would have to be borrowed.

On the other hand it should be said that the worsening of the
balance on current account during the construction period is largely a
cost of attaining full employment and would occur through most employment-
creating projects., In comparison to most such projects Nelson River con-
struction would involve a comparatively high proportion of domestic goods
and services and would therefore involve relatively less deterioration in
the balance on current account. Therefore, if the construction could be
acecomplished in the five-year period 1967-71, the balance on current account
might be worsened neglecting secondary import effects by the full cost of
the development by an average of $50 million to $80 million annually, In
times of economic slack, the secondary import multiplier effects would
raise that figure,) This is not a large part of a forecast deficit of
$1,000 to $2,000 million., Thus as an employment=creating project Nelson
River construction would have fewer balance of payments problems than

most, If the economy were at full employment or fighting inflation, it



would worsen the balance on current account by the full amount but not
limit the rise in prices as much as most other projects,

For the purposes of this exercise if is assumed that starting
in 1970 power can be sold at $30 a kilowatt in the United States. Two ex-
amples are considered.

Case A The export of 800 M# with $250 million
development costs,

Case B The export of 1200 M# with $L0O0 million
development costs,

Trends in the Canadian Balance of Payments

The deficit in Canada's external account on a national accounts
vasis clinbed from $428 million for the year 196l to $1,101 million in 1966,
\In its First Anmual Review, the Economic Council projected an in-
creasing deficit due to a faster growth in imports than in exports, The
Council predicted a possible $1,500 or $2,000 million deficit in 1970,

Tater Improvement in Balance of Payments After 1970

The most obvious benefit of the power export wouldvbe an annual
revenue of $36 million dollars after 1970, This would represent from 1.,2%
to 2.4% of the forecast 1970 deficit, Since export would be long=term it
would be a stable source of foreign exchange earnings.

TIf there were not enough investible funds available in Canada
to finance the construction of the necessary dams and transmission lines,
it will be necessary tobincrease borrowing in the U.S. by $250 million in
Case A and $L00 million in Case B. Also after 1970 interest would have
to be paid on the debt, At a 5,57 rate of interest this would be $1h mile
lion in Case A and $22 million in Case B and would offset the export earn-
ings of $2li million and $36 million respectively. The net efféct of exw

port after 1970 would be $10 million of foreign exchange earnings in Case A



and $1l million in Case B, Table L,3 summarizes the primary effects of

large scale export of power to the U.S.

TABLE 4,3 PRIMARY FOREIGN EFFECTS OF LARGE~SCALE POWER EXPORT

Maximum Annual Annual Annual
Annual Gross Interest Net
Amount Borrowing Earnings Payments Farnings
Bxported Before 1970 After 1970 After 1970 After 1970
(millions (millions) (millions) (millions)
800 MW $50 $ob $1h $10
1200 Md 80 36 22 1L

As a summary it may be said that during the construction period
the balance on current account could be worsened by an annual $50 to $80 mil-
lion apprdximately. Later it will be improved by an annual $10 or $1h million.
The initial deterioration might occur in greater severity in any case by any
other employment-creating project. The value of the future foreign exchange
earnings is problematical,

A consideration of whether the worsening of the balance on
current account during the initial period would lead to a foreign exchange
problem would depend on the ex ante foreign investment in Canada abroad,

3 Long~Term and Minor Effects

Many of the effects which fall under this category are stud-
ied in later chapters but some enumeration is justified at this point to
provide for the consideration of what secondary effects apply.

wffects which are considered in laber chapters include the
contributions of the Phase I Development to the development of dec technology
and future evolvement of a national grid, the potential value of dc tech-
nology to Canada in the future, the development of the northern Manitoba
frontier and its reciprocal benefits to southern Manitoba and the value of

low-cost electricity to the development of Manitoba industry.



One effect not examined elsewhere is the possible substitu-
tion of a renewable Canadian resource for either an exhaustible Canadian
resource or an AmeQican import., Hydro sites do prevent the use of coal de-
posits but with technological improvements in mining and materials usage the
value of such an effect is dubious, The value of reducing imports has been
questioned in the face of more modern and flexible techniques such as ex~
change and interest rate variation.

Development of the Nelsbn River can contribute to Ffuture irr-
igation and navigation schemes on the Canadian prairies, 1. The hydro~
electric dams can be utilized partiallj to control water levels for such
purposes, (This possibility is still remote and experience with forecast
irrigation and navigation uses on multiple purpose projects in the United
States has not been enfirely successful, )

Development of the Nelson>River could contribute to the em-
ployment and advancement of the native peoples in northerh Manitoba, However,
the numbers of such people are small and the experience with construction

projects and native peoples has not been good (cf., Iagasse Report), 2.

1 page 3h1, E. Kuiper, "The Water Resources of the Nelson River Basin®
in Resources For Tomorrow
Volume 1, Queen's Printer, Ottawa 1961.

2 page 823, volume III, A Study of the Population of Indian Ancestry
Living in Manitoba, Social and Economic Research Office, Manitoba
Department of Agriculture and Immigration under the direction of
Jean H, lagasse, Winnipeg 1959,




CHAPTER FIVE

INDUSTRIAL DEVELOPMENT

The contribution of the Nelsén River development towards the
industrial development of Manitoba seem to arise not only due to low
power costs but also from menufacturing and assembly operations which
would be established to supply demand originating with the project, and
from its short-and-long-run effect on the pro#incial balance of payments.
Once the topic of industrial development is considered, however, the
likelihood and the advisability of locating the ensuing industrial
development in Manitobe must be compared to that of alternative

industrial locations,

EFFECT OF LOW ELECTRIC POWER COSTS

One point requiring clarification and restatement is that the
electric power produced on the Nelson River will not be markedly lower
in cost than that which could have been produced by other alternative
sources. It has been observed that the development of the Nelson River
is only narrowly superior to & program of aeveloping thermal capacity.
Moreover, Maﬁitoba has enjoyed low electricity costs since the
earliest years of electric power development. Development of electric
power on the Nelson River, therefore, represents, not.a transition to a
new order of powér costs, but merely a contihuance of a presently
prevailing situation. Despite the low electriecity costs in Manitoba, it

is difficult to argue



that such low power costs have occésioned any special surge of industrial
development.

In industry electric power is primarily a form of motive power. While,
most industrial prpcé§ses require substantial quantities 6f heét and this is
sométhing which electricity, in generai, cénnot provide on an economic basis.
Furthermore, the electric power pill in most industries is only a small
proportion of the total costs of operation. Finally, many industries are
more market-oriented than supply-oriented, and, whatever the advantages
prevailing within a proposed plant, lack of mass markets and high transpor-
tation costs to outside markets can guickly submerge any on-site benefits.

Tn consideration of such factors, it has peen advenced that, from the
point of view of industrial development, the availibility of electric power
on reasonable terms is more eritical to industrial development than the
particular degree of cost advantage.

An important consideration in examining the impact of pc&er costs
on industrial development is the comparative structure of rates between the
various classes of consumers (whether domestlc, commercial or industrial)
particularly in light of the rates prevailing in other areas. Manitobe
tyraditionally has had very low domestic and farm power rates. In comparison
with Ontario and Quebec; Manitoba's industrial rates are somewhat higher
although lower in most cases thén those prevailing in other parts of Canada.
This in part reflects the differing relative political powers of consumers
in M;nitdba on the one hand and those of industrial concerns in Ontario
and Quebec, on the other, both urban residential and rural farmers, have

peen a driving force behing the demend for electric power in Manitoba.



Extending John Dales' thesis that the relative étructure of power rates
in Quebec (high'domestic, low industrial) had led to the development of
a socisl structure favouring an advenced primary industry base with a
habitent culture, it may be argued that the prevailing rate structure
in Manitoba (relatively low, relatively high industrial) tended to
produce an eébnomy that imported and consumed large quantities of
appliances and power but not an economy that produced many appliances
itself. This trend apparently contradicts a study of the relative
economies of operating an electrical menufacturing facility in Manitobe
" compared to other centres prepsred by the Fantus Corporation (an American
consulting firm) in the early psrt of the tgixties. It indicated
operating and transportation adventages for & firm based in Manitoba
over any other centre. |

(1) Dominion Bureau of Statistice: Electriecity Bills - 57203

(ii) Cost comparison study, a comparative study of the ABC
corporations operating costs emong 12 Canadian citiess Prepared by the
Fantus Company, Chicago, Illinois, 1963. Page 9.
Development of the Manitobs Northern Frontier

With respéct to Northern development (paxrticularly mining)
the development of power on the Nelson Rivef should not be construed as
advancing the potential of such develoﬁment. Northern Manitoba abounds in
small power sites awaiting development. The decision to utilize BHV DC makes
it very unlikely that Nelson River power will ever be used in any sizesble
amount for typical northern developments. The cost of cénversion from DC to
AC is too great and the cost of stepping down from EHV ievels of 900,000
volt-amperes is similarly a factor tendingvto decrease the likelihood

that Nelson River.power will be economically feasible for the general

type of northern industrial devleopment. Such loads are well below



the hundreds of megawatts required to justify the stepping-down and conversion
facilities. However, as stated before, there are many potential power sites in
northern Manitoba which have sufficient capacity to service the small industrial
powér requirements of mining and timber developments although not large enough'io

justify the expensive transmission facilities required to transfer the power
down to southern Manitoba. (See also "Effect on Balance. . . Capablllty" on page

57.)

Effect of Construction Program on “Long-Range Development

The program of construction of the Nelson River will include & demand for
many products and services. For some of them demand may be large enough to
justify the installation of manufacturing and assembly facilities to produce

them in Manltoba. This development effect is. ip some senses a version of supply
creating itsidﬁn demand or of demand creating its own supply. The electric
power industry is a very large and all pervasive industry requiring massive
amounts of capital and having a very large and widely dispersed labour force.
Moreover, the employees and contractors reciplent of payments in the electric
industry are inescapably consumers of the electricity, appliances and machinery
which they themselves produce.

The potential is there that firms fipnding it feasible to move into Manitoba
on the basis of supplylng the demand. occasioned by development of the Nelson
River would £ind the economic environment suitable for further expansion and
extension into other markets and product lines.

Effect on Balance of Feyments of Increased Export Capability

There is & possiblllty that, while the 1n1t1al jmpact on the balance

on current account would be to tend to create a deficit, over the long=-run

there would be succeeding rounds of industrial development which would

increase Manitoba's ability to compete in export markets. While much attention

has been focussed on the potential developments in electrlclty~1nten51ve

industries, low-cost electriclty is nothing new to Manitoba and the develop~

ment of the Nelson River does not mean that the rate stpucture of Manitoba Hydro



would be altered. The new dimension that the Nelson River development
introduces to the Manitoba economy is the maghitude of its expenditure on
Northern Development. There still remains the possibility of electricity.
Mining an& other resource indﬁstries could increase due to improvements in
northern roads, communications, industrial aptitude of native people and
other elements in ‘the economic infrastructure of Northern Manitoba. These
possible developments could incresse Manitoba's exports in the future.

Industrial Development and Consideration of Alternative Power Markets

Once ﬁhe initial expenditure of on~-site development and of the DC
conversion equipment has been undertakén, the additional cost of transmission
is relatively small. Therefore, once the decision to develop thebNelson'River
has been made, the beneficial industrial development effects of the development
could, in principle, as logically take place 500 miles from the sites on the
Nelson River or 1,000 miles distant, without effecting things to any great
extent. The question may be put then disregarding considerations, such as
national boundaries and political subdivisions, what would be the optimal
centre for the industrial development occasioned by the development of the
Nelson River if it were the clear objgctive to meximize the industrial bene=-
fits of development of the Nelson River.

A comprehensive answer to this question would require an exhaustive
comparison of the capacities of the industrial bases of Winnipeg and
Minneapolis. Such an analysis is beyond the purposes of this paper. However,
barring a sector-by-sector analysis of the demand and increase electricity
for electric energy in each of the respective centres, it would appear that
(inasmuch as the specifically new aspect of the development of the Nelson
River development is the size of the expenditure on Northern Development) the
major industrial development effect of development of the Nelson River wiil be

felt in its greatest magnitude in Manitoba rather than Minnesota and Winnipeg is

the major population and menufacturing concentration in Manitoba.



Moreover, Minneapolis has the opportunity for achieving the very low electricity
power costs for a huge nuclear development and can absorb jsuc-h 8 large plant.

The potential for capitalizing on the development effects seem to be concentrated

in Winnipeg in comparison with Minneapolis,



CHAPTER SIX

EXAMINATION OF THE ISSUES INVOLVED BY JURISDICTIONS

Hydroelectric developments occur in large discrete lumps., The
effect of such developments are structural rather than merginal. The com-
mitment of resources is virtually irretrievable and because of size and
long service life that commitment requires fhe foregoing of many other pos-
sible sequences of development much more than most other types of invest=
ment, The large size of the Nelson River development compared to the Man-
itoba economy intensifies these general aspects of hydroelectric projects,
The consequences of the project.are important for the nation, the province
and the utiliby.

The purpose of this chapter is to analyse the various jurisdictional
issues affecting the Nelson River development and to assign them to the
partiéular authority or authorities involved, This will be done by des=
cribing an optimum outcome and then examining how departures ffom this opti=
mum would affect the different authorities,

Ideal Result

The success of the Nelson River deVelopment, firét of all, depends
on its success as a provider of low-cost energy. The Jong service 1life of
hydroelectric projects and the large component of fixed costs in their total
costs, imply low-cost power and protection from inflation for long periods
for those utilities having a heavy proportion of large blocks of hydraulic
energy in their\systems. Moreover, those Nelson River power sites that are
fo be developed do not have to provide energy of lower cost than some other
subsequent source of low~cost, high energy source, such as nuclear power, for
their entire service lives to justify’the decision to pursue development of
the Nelson River. This applies not only in a world cof imperfect knowledge

and uncertainty of the future where a decision need not be ultimately proved

right but only the wisest that could be attained with the information which



could be developed. There is also the case in which the Nelson River would
be developed for a period of years and then Manitoba Hydro could go to Nuc-
lear (or some other) capacity, It is entirely possible that such a pro=-
cedure would provide lower ultimate costs for the period overall than
would a procedure of ‘marking time" with coal-fired thermal capacity (of
lower relative fixed costs) until nuclear energy eventually became superior
(if ever).

Development of the Nelson River will meke some contribution to-
wards the strengthening of the industrial base of Manitoba particularly in
the field of secondary merufacturing and assembly. The advantages of the
Nelson River development from the point of view of industrial development
lie not only in the low=cost energy benefits and in the size of the capital
commitment but also in the_probable long duration of the sequence of devel~
opment of successive sites. The nature of construction on the Nelson em=
phasizes earth=moving and there stands to be substantial\earthumoving on
the Nelson River until the year 2000, approximately. This creates 2 demand
for many types of earth-moving machinery, equipment and supplies and could
justify the installation of plants and facilities in the assembly and servw-
ice of this field, Particularly since many of the demands for such serve
ices and equipment are similar to those of the agricultural machinery so
prevalent in the wheatgrowing regions of the Prairie Provinces and the
Prairie States. A factor to comsider in the possible contributions of
the Nelson River development to Manitoba industrial development is the lo-
cation of such energy development relatively close to tidewater,

Development of the Nelson River could contribute to an optimal

program of utilization of the water resources of the Canadian Western Plains.,



Water presently is flowing down the Nelson River to the sea with only the
Kelsey powerhouse making any use of this great natural resource, It ap-
pears that it will be some time before any substantial alternative use will
materialize for that water. Furthermore, only the minor part of the flows
of the Nelson River originate in areas that are likely ever to require any
substantial quantities of water for consumptive purposes.

Extra-high voltage direct current technology has some pobential
as a medium of transmission of large blocks of power from remote northern
hydro, Maritime Provinces mine-mouth coal-fired thermal plants or isoclated
nuclear plants to load~centres across Canada, EHV DC tehcnology has been
seen as significantly contributing to a feasible national grid.

Federal Govermment and the Overall Economy

The Federal Govermment's participation in Phase I of the develop~
ment of the Nelson River has committed a portion of the borrowing capacity
of the central government to the transmission facilities of the development.
Furthermore, it was the enabling factor which permitted the Phase T portion
to go forward at this time., The Federal Government thus has an interest and
responsibility in seeing the success of the Phase I Project.

Despite the Federal enthusiasm for EHV DC transmission there are
some questions associated with it aside from its technieal and financial
feasibility. The numbervof remaining northern rivers having sufficiently
large power sites to justify the use of DC transmission is small. Devel-
opment is proceeding on the Peace River and &t Churchill Falls without
such a system of transmission., The much-heralded national grid may never
become of sufficiently large scale to validate the use of DC technology.

As in so many forms of transport, the natural lines of flow of electric



power run north and south rather than east and west, the only justifica-
tion for east-west transmission lines being in the temporary shunting of
peak capacity across different time zones (a demand of only limited amount
and duration), Otherwise, it will probably always be more attractive for
a Canadian utility,other things being equal, to favour any sizeable inter-
connections with an American utility than with another Canadian utility,
simply because of the problem of distance, This will apply particularly
in the not-too-distant days of widespread nuclear power,

With respect to the most economic use of water, the Federal Gov-
ermment has some interest in avoiding any situation which will have the
danger of irrevocably committing the water resources of the Saskatchewan
Basin to the low-value use of electric power generation, There is always
the possibility that administrative entanglements and excessively high
compensatory allowances towards energy foregone on the Nelson River could
forestall valid alternative uses of the water in future times, One pos-
sible use for the water would be the North American Water Project Alliance
which recommends the sale of substantial quantities of Canadian water in
the United States for industrial and municipal purposes. However the cheap
alternative cost in the United States of other forms of water purification
(such as in nuclear generating stations) tend to indicate that the Canadian
receipts for such water will never be particularly great,

The Federal Government with its interest in protecting the long-
term welfare of the overall economy must pursue a very conservational
approach to the use of water resources. On the one hand, there is the in-
troduction of nuclear power with its greater ease of locating in alterna-

tive places.



There is also the commitment of resources for regional develop~
ment which might better be employed both in other schemes of development

and in other regions,

Manitoba

The high fixed costs of the Nelson River development represent
a heavy commitment for a long term by the people of Manitoba, There is
always the possibility that the power plants developed on the Nelson will
represent a waste of resources upon the appearance of other cheaper sources
of energy or of the eventual replacement.of the central power generating
station by some other system such as residential-sized generating units,
Since Manitoba Hydro debt is guaranteed by the Province the decline of
demand for the output of central electric generating stations would impose
substantial debt on the Province., In a hydraulic system, the low annual
operating costs of the hydro dams (about 0.L4 mills per kilowatt hour) would
mean that electricity from an existing hydro plant should be lower in cost
than electricity from any other conceivable source in an ex post sense.
However, the demand for the output of central generating stations could
decline if alternative energy sources permit greater customer convenience,
such as appliances with self~contained power units,

The decision to use EHV DC transmission carried with it the ine
ability to drop off loads in the North unless they justify the installation
of convertor stations which require very large blocks of capacity to defray
‘their heavy fixed costs.

There is finally the consideraticn of whether the extra capital
commitment required by the Nelson River in comparison to coal-fired thermal

might not have more benefits for provincizl development if it were chamnelled



through another undertaking,

Electric Utility

The electric utility planners were confronted by similar consid-
erations than those faced by the 6ther agents., The ﬁossibility exists that
lower cost sources of power would materialize in the near future. Further,
the power planners in Manitoba must have some concern that considerations
beyond their direct control could deny the utility sufficient supplies of
water at some future time.

There is always the consideration that, while a nuclear plant is
beyond the capacity of Manitoba particularly from a system reserve point of
view, it need not be so for the combined systems of Manitoba and North
Dakota., The location of a muclear generating plant somewhere between Min-
neapolis and Winnipeg could provide low-cost on-site energy and minimize

transmission costs,

| Conclusion

As with many important developments, the justification of the
Nelson River project wés not a simple open-and-shut case, The decision to
develop was taken in the face of considerable uncertainty about its out=-
come and in the face of many alternative opportunities for accomplishing
the same ends,

Before commenting on the desirability of the project a study will
be made of the experience with hydroelectric developments by private enter=-
prise in Quebec, by state ownership in the U.3.S.R., and by public action
in a mixed economy in the United States, Then an attempt will be made to

develop analytical procedures appropriate to present~day Canada.



PART THREE
COMPARATIVE ELECTRIC DEVELOFPMENT METHODS IN THE UNITED STATES AS THEY

REIATE TO NELSON RIVER DEVELORMENT



- CHAPTER SEVEN
UNITED STATES RESOURCES INVESTMENT PRACTICES
Introduction

As the wealthiest and most advanced mixed economy in history, the
United States has led the way in the development of advanced.fechniques of
analysis of various investmenf proposals. In her recent history, the United.
Stétes has seen the development 6f benefiilcost techniques that are particularly
applicable to investments by public authorities. With the similarity between
the American and Cenadisn economy, there is a pronounced tendency for ean uncritical
acceptance by Canadian anélysts of the more advanced techniques of the American
economists. For example, such embodiments of professional Opiniﬁn as the
Resources for Tbmorrbw Conference have recommended the technique to Canadian
épplication.

(i) Page 158, Resources for Tomorrow, Volume III, Proceedings of the
Conference, Queen's Printer, Ottawa. 1962.

However, the American benefit-cost technique evolved under a particular
set of conditions which include some elements of public and some eleﬁents of
private enterprise. The benefit-cost criterion evolved in a mixed economy for
projects having multiple products (benefits) and in the context of a large
aﬁd comparatively advanced economy; An appraisal'is possible after a review
of the historical conditions under which the benefit-cost enalysis evolved.

The Tenhessee Valley Authorityvis also a particularly important practice.

The TVA type of administration is charged with sufficiently broad terms of
reference to justify its consideration of procedures which "internalize" the
external economies typical of large hydroelectric projects. The mechanism 1s

there to examine the relative merits of many development opportunities in the



eXample of & mechanism of development in a mixed economy.

Historical Background

Despite the predominance of private ownership enterprise in the
United States, the federal government is the largest owner of hydroelectric

capacity in the United States. From an early stage in the nation's history

it was recognlzed that the federal government had Jurisdiction over nav1gatlon.

In the twentleth centruy as the necess1ty to conserve natural resources became
more widely felt, the "conservation movement", an alliance of intellectual
leaders, politicians and public servants, began to affect public policy. In
1920 the Federal Power Commission was created with control over water-power
sites on navigable streams on public lands. With the passage of time the
jurisdiction of the Commissién widened until,'éuring the first term of
‘Franklin D. Roosevelt, it included all électric energy (if the electric
current was sold in interstate commerce) .

The involvement of the federal govermment in hydroelectric developments
in the United S#ates leads to the rather paradoxical situation that, in the
leading free-enterprise nation, the evoiution of a policy of examining the
feasibility of hydroelectric projects has been conducted in the naticnal
political arena. The history of the Tennessee Valley Authority is a case
in point.

As early as 1824, a proposal was made to improve navigation on the
Tennessee River as part of a broad program of waterways development. Over
the next century subsequent pills to develop the Tennessee River were
presented to Congress and met much success. Shortly after his inauguration,
President Franklin Roosevelt indicated the enthusiasm for the project in a
message to Congress and a blll was signed by the President Mey 18, 1933.

Gordon R. Clapp, chairmen of the board of TVA from 1946 to 1954 and

associated with the undertaking from 1933, has observed of the TVA ach:



That Fr@nklin D. Roosevelt of New York wes in the White House in 1933,
George Norris of Nebfaska was in the Senate, and the country was prostrate with
ﬁhemployment had almost everything to do with its creation at that time. But:the
ideas and policiles written into the Act evolved from the reflective observations,
studies, and experiences of the sciéntists and the informed concern of laymen who
initiated the conservatioﬁ movement ,

(i) Page 8, Gordon R. Clapp, The TVA, an approach to the development of a
region University of Chicago Press, Chicago, 1955.

The multiple purposes of TVA are indicated in Section 23 of the Act which
provides that:

. .general purposes (1) the maximum amount of flood control; (2) the
meximum development of said Tennessee River for navigation purposes; (3) the
meximum generation of electric power consistent with flood control and navigation;
(4) the proper use of marginal lands; (5) the proper method of reforestation of
all lands in said drainage basin suitable for reforestation;'and (6) the
economic and social well-being of the peoPle iiving in said river basin.

Tt should be recognized that these objectives are not always mutually

compatible. To quote from the first technical report, The Norris Project:

A Comprehensive Report on the Planning, Design, Construction, end In;g;al

Operations of the Tennessee Valley Authqg;ﬁv's First Water Control Project:

(i) Page 32 Tennessee Valley Authority, the Norris Project: A Comprehensive
Report on the planning, design, construction, and initial operations of the
Tennessee Valley Authoritys first water control project. Technical report No. T
United States government printing office, Washington, 1940.

The federal government had previously carried out projects for the
development and use of water power, for navigation, and for control of floods.

The distinction of the TVA was an administrative device. Previous bills had

addressed themselves to the special advantages and applicaﬁiens of perticular

sites. President Roosevelt in a message 1o Congress directed their attention to

the first (Norris Dam site) and recommended a comprehensive program for development of

the



resources of the entire Tennessee dreinage basin in these terms:

“The -continued idleness of a great national investment in the Tennessee
Valleyhleads me to ask the Coﬁgress for legislation necessary to enlist this
project in the service of the people.

w1t is clear that the...(initial site)...is but a small part of the
potentiél public usefulness of the entire Ténnessee River. Such use, if
envisioned in the entirety, transcends more power development: it enters the
wide fields of flood control, soil erosion, afforestation, elimination
from agricultural‘use of marginal lands, and distribution and diversification
of industry. In short, this power development ...leads logically to national
planning for a complete river wétershed involving many states and the future lives
and welfare of millions...

"I, therefore, suggest to the Congress legislation;toﬁcreate & Tennessee
Valley“Authority - @& corporation clothed with the power of government but possessed
of the flexibility and initiative of a private éntefprise. Tt should be charged
with the broadest duty of planning for the proper use, conservation, and
development of the natural resources of the Tennessee River drainage basin...This
Aﬁthority should also be clothed with the necessary power to carry these plans

into effect.l

1. House Document 15, Seventy-Third Congress, First Session, printed in full text

at T7 Conéressional Record lhéS quoted in J.5. Rensmeier The Tennessee Valley
Authority 1942 Vanderbilt University Press, pp. 135 - 138.

From its origin, therefore, the Tennessee Valley Authority was conceived
and coﬁstituted with broad administrative concerns and powers. An exsmple of the
comprehensive approach 1t took tO resource development planning ig its extension
~ of low-cost electric power vie the mechanism of publicly owned distribution
organizations. The rates that these orgenizations could cherge were set By TVA

in its power contracts with them. The rates charged by the TVA contractors were,

generally, about 50% or more lower than those of the private power companies in



the region for residential and commercial customers and about 30% lower
for industriéi power -customers.

‘Moreover, as indicated in the Ransmeier study, lower rates
appear to have increased consumption of electricity enough tc increase
the financial return to the local publicly and privately owned distri-
bution organizations. 1

One aspect of the TVA multiple purpose approach to water re=-
sources development is that it is conducted in an»environment that is
- hospitable to joint use of dams. Generally the potential power sites im-
the United States occur in areas that (compared to Canada) are nearby to
concentratioﬁs of population dééiring the potential services of improved
navigation, irrigation or recreation. The TVA in the United States, for
example, has pérticipated in projects as various as the research and de~
velopment of chemical processes to develop fertilizer and munitions from
mineral deposits in the area. This arose from the prior ersction of nitrate
munitions plant in thevregion during World War I.

The experience in the United States of the multiple-purpose de-
velopment of river basins by public agencies subject to different financial
constraints then private firms has led to the development of a new feasibil-

iﬁy evaluation technique, benefit-cost analysis.

Benefit Cost Analysis

Until very recently most of the literature on benefit-cost anelysis
consisﬁed of offiecial Amefican documents or of summarizations and critiques
of these documents. The overall benefit of costs of a:project are examined
under this method:

1. Pages 1h6and 164 Joseph S. Ransmeir, The Tennessee Valley Authority
Vanderbilt University Press, Nashville, 1942.



This viewpoint is the view from Washington, D.C., surveying
the whole of the United States and taking the algebraic sum of gains
and losses in the various parts of the United States} that is, taking
the net gains and losses regardless of their regional incidence. 1

The method consists of making provision, in water resources
projecté, not only for “primery benefits" but also of "secondary bene-
fits”. The practical effeét of such a method has been to obtain permie-
sion from Congress to proceed with hydroelectric projects which were not
financially competdtive with thermal electric options if they were built
as single purpose projects. Intangible benefits generally are recognized
by meahs of a qualitative statement of the nature of the particular adven-
tage involved and>the weighting ofﬁsuéh advantages is left to political
authorities.

Costs are divided into priméry or direct; secondary, and associa-
téd. Primary costs or direct costs are those necessary to make project
serviceé available. 8econdary are.those neaessary to realize secondary
benefits. Associated costs are thosé incurred by the primary benefic-
iaries to realize the fuil value of its benefits. These costs are deducted
fromAgross primary benefits in deriving the value of anticipated primary
benefits. In géneral, "The economic costs of a project are considered to
be the value of the benefits as represented‘by other uses of the resources
that are foregone as a result of the development. They also include any
adverse effecté that result from the projeet. 2

There is some divergence as to the criteria for selection of
the best projeet. Some authorities prefer the project with the highest

1. A. Scott in Waeter Workshop B, Resources for Tomorrow, Vol. 3,
Queens Printer, Ottawa, 1962.

‘5. R. A. Spargo, "Benefit-Cost Analysis and Projext Evaluation" in
" Resources for Tomorrow, Queens Printer, Ottawa 1962, Vol. 1




benefit-cost ratio while others lean to selecting the project with max-
imum net benefits (someﬁimes stated ﬂmﬂérms of the project with an incre-
mental benefit-~cost ratio of 1 in relation to alternati&e projects). L

The division.in Opinion on the basis of selection of projects
is prlmarlly a division on the various. jurisdictions as to proPer aims.
In general if there is some preconditlon imposed such as providing a
particular service, develop & region, or give employment, then the project
achieving that aim with the highest‘bégéfit~cost raﬂio is to be selected.
If the aim is to develop a particular site fully where labour and cépital
supplieé are reasonably4élastic then_thé incremental benefit-co@t ratié
of 1 applies. 2

One problem which has been considéred is the availability of
capital. Govermments can borrow for hydfoelectric projects with greater
ease than for other undertakings._ In the United States, the opportunity
exists to issue tax-exempt bonds in the mbney market. The possibility
exisﬁs, therefore, that despite the financial feasibility of the project,
capital might be bettef employed in other sectors of the economy. It
has been observed thats

"It seems likely that any increase in government borrowing
- under circumstances where the:total volume of funds is limited would
affect mainly igvestment areas, such as housing, where the return was
low." 3 |

Therefore, it has been recommended that, in computation of

interest costs or of discount rates, a moderately higher interest rate

be used than the government'!s borrowing rate for the benefit-cost eval-

1. '%; Kuiper, Water Resources Development, Winnipeg 1963, p. 498,
2. ®%, Scott, page 155, Resources for Tomorrow, Vol. III, Queens

?Tlnter, Ottawa, 1962.
3. €. L. Barber, "Water Resource Development”, CJEPS, November 1961,

p. 535.




vation of such government projects.

Such a technigque might have been justifiéd in the case of the
Nelson River Project because the increase in débt for the province to
undertake the development might deny the province the opportunify to take
on debt to finance various other government programs.

One difficulty in the épplication of the technique to Canadian
problems is the necessarily subjective aspect of predictions about the
value of various benefits due to important intangible‘benefits and the

developmental aspects predominating in most large Canadian projects. 1

A fundamental criticism of benefit-cost analysis has been made
in questioning its merits due to its sole cdncern with efficiency of
allocation of resources. It has been objecﬁed that projects do not come
to light in an enviromment in which alternative uses of the resources are
known for the whole economic system.

"Tn fact, projects of varying degrees of merit usually come to
light say because of crises, the existence of unemployment, or through
the activities of energetic groups or politicians or by submissions by
provincial or local governments. As such, the analysis may be pertinent
only in determining ﬁithin very narrow limits whether the resources in-
vested could be better used in connection with some other purpose or
project”. 2

In the case of the Nelson River development, the institutions
did not then exist to evaluate 1ts attractiveness relative to other de-
velopmental efforts (such as education aﬁd manpoweyr services or as in

residential expenditﬁres). Tt was not exactly pertinent since the oppor-

1. *cf A. Scott, 3b and 3¢, page 155, Resources for Tomorrow Vol. III,
Othava, 1962. _

5. "Bepefit-Cost Analysis and Project Evaluation", R. A. Spargo, in
Resources for Tomorrow, Ottawa, 1962, Vol. 1, p. 300.




tunity to pursue these alternative courses of action could not have been
exploited without some radical transformation in the institutional arrange-
ment.

The benefit-cost analysis is not free of its own institutional
bias. A distinguished resources scholar, John Krutillo, has remarked
that in the development of the Columbia River the most economic sifes
are located in Canade but the Corps of Army Engineers was unwilling to

pursue alternatives beyond its areal jurisdiction. 1 Further, an exam-

ination of flood damege in the twenty years following 1936 indicated that
"ean annual flood losses increased over the peried of record and at a
rete that has not declined notably since 1936". 2 All this despite the
expenditure of $4 billion over the period on fhe Corps of Engineers flood-
controi program,

Damage rose despite discounting for higher prices and despite
the program because industry, commercial enterprises and residential
‘housing persisted in building on fiood-prone property and the flood pro=-
tection merely served to extend the £lood plains. Marshall observed that
it may be that flood plain zoning and a flood warning system is what is
required “Bué over the years the Corps has shown no interest in these

alternatives. 3

1. J. Krutila, Sequence end Timing in River Basin Development,
Washington, Resources for the Future, Imc., 1960. i |

. 2. Reported in Readings in Resource Monscement and Conservation,

ed. by I. Burton and R. W. Kates, article "Rational Choice in

Water Resources Planning”, H. Marshall, p. 533, University of

Chicego Press, Chicago, 1965. -

G. F. White et al., Changes in Urban Occupance of Flood Plains

in the United States, Dept. of Geog. Research Paper No. 57

(Chicago: Dept. of Gepg. University of Chicago), 1958.

3. Marshall, Ibid.




Applicability to the Nelson Rive;ﬁDeVelopment
| As with the Sbﬁiet expefience, the American approach is still
evolving and develoPiﬁg. .It does appear to have some direet applica-
bility to Canada with the benefit-cost analysis and thelr pr&ctice of
using a large multi-jurisdictional agency to achieve comprehensive de-
velopment of a resource or region. It may be seen that the validity of
benefit-cbst analysis is limited by the range of alternatives that it is
permitted to examine. There is a danger in large public agencies that
the alternatives examined will only be those that aggrandize the agency.
A more serious defect of the benefit-cost analysis for Canadian
conditions is its emphasié.upon the multiple purpose aspects of a devel-
opment to the neglect of the sectoral and.structural nature of the.invest—
ment. In Canada, the structural aspects of the investmenf are at least as
important as the multiple purposes-of the benefits. T

But despite its defects, the'Américan approach as represented

by the TVA:entity and the benefit~cost criteria represents a considerable

limprovement of existing Canadian practice. The TVA type of administration

is charged with sufficiently broad terms of reference to justify its con-
sideration of procedufes’Which"internalize" the external economies typical
of large hydroelectric projecté. The mechanism is there to examine the

relative merits of many development oppdrtunities in the resources field on

+he basis of the multiple criteria typical of large public endeavours. The

criticisms of the benefit-cost approach which we have examined may be re-
duced to criticisms of the approach for not properly considering the impor-

tant objectives of an ideally constituted administrative agency.

1. cf A. Scott, op. cit.



PART FOUR

EVALUATION OF THE DECISION

TO DEVELCP THE NELSON RIVER



CHAPTER EIGHT
CANADIAN STRATEGY OF RESOURCE INVESTMENT

AND REGIONAL DEVELOPMENT

These two salient aspects of Canadian growth -
narrow channelling of investment and central-
ized organization =~ are, in turn, closely
related to the long-range planning we usually
identify as national policy. We can, in fact,
review Canadian history in terms of a success-
sion of national policies -~ first French,

then British, finally Canadian - in which
these characteristics of historical constants
may be discerned, The strategy of investment
in basic resources has been a dominant themej
these resources have played their role as
growing points, and attitudes to resource
exploitation have shaged our national poli~
cies at every turn,

The involvement of government in the structural evolution and
development of the national economy has been a predominant fact in the

history of Canada, The investment in the development of the Nelson River
has both of Easterbrook!s "salient aspects®, The purpose of this chapter
is to identify the most important factors which would guide a strategy of

investment in resource development,

Nelson River Development as it Affects National Policy

It must be clearly recognized that the decision to develop the

Nelson River is & proper subjeét to be considered within national economic

-

policy.

1, W. T. Easterbrook, "Resources and Growth in the Canadian Economy”,
Resources for Tomorrow, Vol, 3, Ottawa, 1962, p. 18.




The justification for development of the Nelson River was pre-
dicated upon its proposed contributions to the development of Manitoba,

The development of the Nelson River must be appraised primarily as an
attempt to develop Manitoba., Its advantages as a source of electricity
are marginal at best,.

As has been discussed above, there are potential cost advantages
of Nelson River electric power over the coal~fired thermal electric power
which was the other alternative source of power available to Manitoba Hydro
at the time of the decision., But as has also been discussed above Manitoba
Hydro representatives maintained that other considerations such as the
massive capital requirements of Nelson River development prevented Manitoba
Hydro from developing the Nelson River in the absence of federal govern-
ment support. In other words, de&elopment of the Nelson River was not
justified on the basis of its potential cost advantages., Certain other
considerations such as the massive capital requirements and the potential
improvement of thermal costs - whether coal-fired or nucleat - should have
led to the choice of a coal-fired thermal plant at that time if the con-
siderations of electric power utility economics alone were to prevail.

The decision to pursue a policy of developing Manitoba and the
method chosen to go about it is clearly a matter of national and provin-
cial policy and transcends simple public utility economics. Therefore,
the advisability bf the decision to develop the Nelson must be examined
on the basis of its contributions to the development of Manitoba and in
the light of the other possible courses of action that could have been
taken to develop Manitoba at that time, First of all however, we must
establish that there is some need to develop the Menitoba economy via

government policies.,



The Economy of Manitoba

The economy of the Prairie Provinces has been changing in the
fifteen year period ending in 1966. The population of the cities of Regina,
Saskatoon, Calgary, and Edmonton have almost doubled while the population
of Winnipeg has increased by about only L5%. The focal point for Manitoba,
Winnipeg had grown at a rapid rate prior to 1961 as the post-war boom and
farm consolidation concealed the fact that the four other entres were re~
placing Winnipeg as a service centre.

In recent years the Manitoba economy has experienced only limited

rates of population growth, as may be seen in Table 10,1

TABIE 10,1 POPULATION OF MANITOBA -AND CANADA AS OF JUNE 1

Year Manitoba Canada
1961 922,000 18,238,000
1962 936,000 18,583,000
1963 ~9L9,,000 18,931,000
196k 959,000 19,290,000
1965 965,000 19,6hk,000
1966 - 963,000 20,015,000
1967 963,000 : 20,405,000

Even before making allowances for net in-migration, Manitoba
has been losing population at a rate of from 10,000 to 15,000 annually
in recent years, It will be noted that the growth in population halted
sharply in 1965 when a decline of 2,000 was experienced in the twelve
months from June 1965 to the beginning of June 1966, During the same
period other regions of Canada registered substantial increases.

Labour income and personal income in Manitoba are generally

lower than those of other provinces with the exception of the Maritimes

Source: DBS Annual Population Estimates: 91 201



and in some instances Quebec,
Apparently, therefore, some more rapid development would ben=-

efit a laggin portion of the national economy,

Basis for an Interpretation of Growth

Statistical measures of incomes, population, investment, pro-
duction called "Manitoba", aside from problems of collection, are relative=
ly simple and uncomplicated concepts, However, when we want to comment on
the overall behaviour of these and other measures we tend to speak of the
“Maﬁitoba economy, The question arises, just what is an Yeconomy"? This
qﬁestion is particularly urgent if we wish to plan activities which in
some sense will ®improve'" the behaviour of these measures we spoke of above,
The question might be redefined to be, "In what sense does it appear to be
intuitively meaninful to speak of the "Canadian economy", and the Manitoba
economy™, but somewhat awkward to refer to the "Fort Rouge economy" and
eSpeciaily inconvenient to refer to the "Fleet Avenue economy™., Certainly
one characteristic which appears to justify the term "economy" has to do
with the joint participation in production of the humanly controllable
factors as albour, management skills and capital, Furthermore it seems
necessary that there be some internal consumption of the production of the
factors, This theorem become apparent when you consider some remote regions
of the province whose inhabitants are only temporary prospectors, Areas
which are entirely dependent on the export of their product do not appear
to qualify as "econémies“ although they quite definitely appear to be
Hregionst,

Therefore, the characteristics of an "economy" appears to include
not only the division of labour among human participants but also some

degree of mutual consumption of the products of the participants, Some



means of transfer payments could be designed to increase the incomes and
population in the territorial jurisdiction of Manitoba without particularly
increasing the Manitoba economy, depending upon the attendant circumstances,
Thus, an economy is not defined by statistical measures of income, invest~
ment, population or production., The definition of an economy appears to
require both an interaction of production and consugption between the par-
ticipants and also some degree of continuity of the total numbers of par-
ticipanﬁs. Since it is unlikely that totals could remain unchanged although
individual participants change annually (for any large category) it appears
that some degree of factor immobility of labour is a characteristic of an
economy.

To assess a proposal to develop the Manitoba economy a definition
of the word "Manitoba' is necessary, It serves little purpose to consider
Manitoba purely as a geographical area, The beneficiaries of a development
scheme should be people not georgraphic boundaries and expanses., The popu~
lation of Manitoba consists of a constantly changing group of individuals
due to births, deaths and migration, Moreover, any program of large=scale
northern construction would attract a 1arge amount of transient labour that
would contain few recent or fubure residents of the province. Finally, it
may be in the interest of particular residents of the province to go else-
where - for how many, might be a question for fundamental nation-wide
research. Therefore, "Manitobashould be defined in terms of the population
which could best maximize its welfare by living in Manitoba with an informed
knowledge of and capability of migrating to opportunities elsewhere,

However, in comparison with the Canadian economy, the factors in
the Manitoba economy are more prone to out-migration., The Manitoba economy

differs from a national economy also in respect to the degree of export of



its production, not only beyond national borders but also beyond the borders «
of the economy which in the case of Manitoba is its provincial borders, This
is also true for imports,

While we shall refer to regional growth it is important to recog-
nize that the central concept = that of a region - has not been specifically
and uniquely defind, Tinbergen and Bos define a regiona as a M"geographical
unit?, 1

It is more importent at this stage to recognize the important Char-
acteristics of a "region®, To return to Tinbergen and Bos, "A georgraphical
subdivision of the economy introduces movements between regions, of both
products and factors of production ._,‘. The crudest approach is to dis=~
tinguish between products or factors which cannot move on the one hand and
which move freely on the other hand.” 1

The mobility of both product and factors of production within the
economy, provides an important clue towards the proper concern of regional
economic development policies. Drawing a boundaries for an economic region
is a process which has not been clearly defined and generally degenerates
into the acceptance of the legal boundaries of some particular jurisdiction
for which statistics have been compiled. However, by directing attention
to the mobility not only of products but also of factors it is possible to
identify proper areas of concern for policy makérs.

A region consists of many factors some of which could readily be
employed elsewhere, A policy of maximizing employment within a particular
set of regional boundaries, could wéll involve lower incomes for some of
the mobile resources, particularly labour, Some resources are relatively

1 page 100 Jan Tihberger, Hendricus C. Bos, Mathematical Models of
Tconomic Growth McGraw-Hill, New York, 1962.




immobile, Natural resources, land and most real estate and building pro-
perty are the readiest examples. Other resources are more or less immobile
according to the limits of time énd alternative incomes which you select,
Of the human resources, the professions are very mobile with the exception
of law (which significantly is the vocation of a very high proportion of
politicians and the most vocifierous proponents of regional development),

Definition of a regilon in terms of the mobility of factors and
products would justify rejecting schemes to develop in depressed regions
of relatively affluent nation industries which typically require such cheap
labour that their long~term future in the absence of tariff protection is
with nations that are in more backward stages of economic growth, Unless
the laws of comparative advantage and the virtues of the international
specialization of industries are recognized and cultivated there is a
danger of constructing regional pockets of technological backwardness in
high mass consumption societies as a consequence of regional development
policies. One of the essential aspects of growth in an advanced economy
is the process of reallocation of resources towards their most efficient
use, Mobility of resources, not only between industries and firms, but
also between regions is an essential part of maximizing behaviour and a
characteristic distinguishing an advanced economy from a traditional
society. A program which would decrease mobility of resources by devel-
oping marginal industries while employment opportunities existediin other
regions would appear to be a non~maximizing behaviour,

Defining a region in terms of its most immobile factors - such
as stagnant industrial operations or immobile professions - can discrim~

inate against more mobile resources., This would be particularly true



for a program alding local industrialists at the expense of labourers have

ing an imperfect knowledge of employment opportunities in other regions,
Therefore, it is important to remember that a region consists of

factors, whose best development may be elsewhere, Therefore development

policies should be designed that recognize this alternative.

The Opportunity Cost Approach

Appraising different alternatives to develop Manitoba involves
a consideration not only of whether or not there would be any positive res-
ults from a particular scheme but also of how desirable one scheme would
be relative to another, This is especially important in a scheme involving
a structural change in the economy because the selection of one scheme most
probably would preclude doing another, at least at the same time,

The first consideration that must apply is the opportunity costs
of the particular porject, The most relevant conceptual approach to oppor=
. tunity costs for policy-makers, is less a matter of the trading value of
one bundle of goods and services compared to another (as is common in inter-
national trade), so much as the decision to cancel or delay other programs.
Joseph A, Kershaw and Roland N, McKean have stated it in these terms:

"Bvery Decision is a Choice Among Alternatives,

When a school board decides to add a psychologist, it is by that act decid~
ing not to do many other things that cost the same . . . (Such as) o o o
repairing the gymnasium, buying typewriters, raising custodial salaries or
replacing worn-out band instruments . . . whenever a positive decision is
made a decision not to do an almost infinite number of other things is
made with it,n T

One proviso should be added, however, that in the case of
1. J. b. Kershaw and R, N, McKean, #How to Make School Decisions", in

Perspectives on the Fconomics of Fducation, C, S. Benson ed. Houghton
Mifflin Company, Boston, 1963, p. 393-i.




opportunity costs, attention must be directed, not only to the demand side,
but also to the supply side of the potential opportunities., Money can be
made available more readily for certain types of porjects than for others,
There is something about the concreteness (no pun intended) of a hydre-
electric project that inspires investor confidence and permits the issue

of debt that might not otherwise find acceptance inithe Capital market at
tolerable rates of interest. Therefore, some projects constitute more real-
izable povojects than others regardless of their potential contribution to
the commonweal, It can be argued that more capital would be forthcoming

for a project involving massive amounts of fixed capital than for an investw
ment in inbtangible social capital, This despite the proven profitability
of investment in such intangibles as education or health.,

Therefore, one of the aims of decision-makers should be the recw-
ognition not only of exploitable opportunities, but also of foregone opp-
ortunities due to specific project decisions, Moreover, an evaluation must
be made between opportunities in regard to fbe potential funds forthcoming
to enable their realization., The capital market is a collection of men sho
operate no more rationally than policy-makers in developing areas. The
money-managers of the capital market are as disposed to be overly impressed
by physically impressive projects such as hydroelectric projects as are
development planners. It has been remarked by W, Arthur Lewis that devel-
opmental authorities in underdeveloped countries devote too much attention
to investment in concrete things and too little attention to investment in
PErsSonsS, 1 ge observed that ®, , . vast resources will be poured into
controlling a single river, where the same money would jeld much more if
épent on a great number of wells, tanks, and small streams.® 2 Lewis!

1. W. &. Lewis, The Theorgy of Economic Growﬁh; Richard D. Trwin,

Homewood, I11inois; 1955, P.395..
2, Ibid., p. 3%h.




solution was greater decentralization of the planning process, The evalu~
ation might be broadened to consider the relative merits of investment in
education, particularly since many studies such as those by the Economic
Council of Canada, indicate that the rate of return on investment in educa~
tion is particularly high, 1

Examining both the demand side of opportunity cost (the alternative
uses to which the particular resources might be devoted) and the supply side
of opporbunity costs (that capital is forthcoming for certain concrete types
and categories of projects that would not be forthcoming for other projects,
such as better social workers), some consideration should therefore be given
to oppdrtunities in terms of potential cépability to carry out certain pro=
grams. This leads to the necessity of carrying out an actual analysis of
the physical capabilty of the economy. Such an énalysis will disclose cer-
tain "fre goods" and also certain "bottlenecksH,

One of the predominant bottlenecks in a developmental investment
program is the capadity of the construction industry to increase its output.
The Nelson River Development at its inception put a sharply increased demand
for construction labour, managers and machinery oﬁ the national scene at the
same time as the Economic Council of Canada had observed in its Fourth fAnnual
Report that the housing shortage was serious in large metropolitan areas,
(While not all the construction activities pursued on the Nelson River Devel-
opment would have equivalent demand in southern canada, a substantial portion
of the resources devoted to the Nelson could be alternatively directed to
improving urban conditions,) An examination of investment by type of

1. page 90 Economic Council of Canada Second Annual Review
Queens Printer, Ottawa, 1965,




expenditure discloses that the largest category of expenditure is not on
machines and tools but instead in buildings and public works., General
civil engineering services are the major iﬁem‘in investment and during
periods of high investment constitute a major production bottleneck.

As has been discussed above market imperfections tend to make
capital available more readily for some types of projects than for others.,
While on small categories of expenditure the market imperfections may cancel
out, on large and structural expenditures the imperfections of the market
must be remedied by some consistent form of comprehensive planning or else
the economy is prone to massive misallocations of resources just as in-
corfectly planned economies are, The "Winvisible hand" of free markets has
not been justified by economic thinkers as an end in itself but as a means to
an efficient allocation of resources, When inefficient allocations of resw
ources appear some alternative means needs to be developed,

Given the considerable dégree of uncertainbty prevailing in large )
investment projects, one of the most immediate benefits a planning authority
could provide would be a general forecast of future demand both by industrial
sectors and by geographical regions, Such forecasts are necessary for the
effective operation of a program of manpower deployment, Therefore, to asses
the relative priority of need of different investment propositions, some
forecast of probably future growth is necessary.

The devlopment of such a forecast is beyond the purpose of this
paper as would be the development of an estimate of the rate of interest
to be applied to the Nelson River Project which reflected the relative
opportunity cost of the required capital, However, if such a forecast

te of interest had been estimated, it

had been ddveloped and if such a ra

would be much easier to appraise both the probably future demand for



electricity in Manitoba and the profitability of the development in relation
to other structural priorities of other sectors and in other regions,
An approach to the opportunity cost of capital for such projects

has been made by G. L. Reuber and R, J, Wonnacost in The Cost of Capital in

Canada, With Special Reference to Public Development of the Columbia River, 1.

The opportunity cost approach provides a method for rationally
cohsidering the desirability of the development of the Nelson River., It
goes without saying that the expenditure of a2 great amount of money in Man-
itoba will have some beneficial development effects on the province. The
question is whether these beneficial effects are sufficient to justify the
projects costs and the developmental effects foregone from other potential
development projects,

It is necessary to congider the crifieria which should be used to
choose between alternatives., In other words, we need some metﬁod of measur-
ing the opportunity costs of different programs, Tinbergen and Bos propose
for their model, tDifferent programs may lead to different development pate~
terns. In order to be able to choose between alternative programs, a cri=-
terion is needed which summarizes the development patterns, As such a
-eriterion, we could choose the discounted value of the future total nat-
ional product, . « ¥ 2.

e shall accept such a criterion although it should be admitted
that there are other attractive criterions besides the simple economic
efficiency criterion. One such approach has been suggested by A. M.
Freeman IIT, which dealt specifically with public investment in water
1. Resources For the Future, Inc., Washington, D. C., 1961.

2. A recent article "Income Distribution and Public Investment",
American Economic Review June 1967.




resources projects with the view to improving inequalities in income dis-
tribution.

This approach is notable in its determination to work out the
operational considerations that should apply in a policy of explicitly us-
ing public investment projects to improve the equality of the distribution
of income, Freeman's approach is laudable in that it gives a basis for ex-
amining the advisability of using public investment projects as a means of
improving the distribution of income.

Freeman's approach makes very explicit the consequences of a use
of publi investment projects to improve the equality of the distribution of
income, A thorough exploration of the consequences of this approach is be-
yond the purposes of this paper but a preliminary justification for the re~
Jection 6f an income redistribution criterion for a public investment pro-
gram is hinted by Freeman iﬁ his comment that the "optimum scale of projéct
for redistribution purposes is . . . the efficient scale of project as well
But this happy result stems from the lack of a constraint on . . . (the
repayment obligation which) . . . must be able to take on negative values,
if need be to assure that incomes are raised or lowered to the optimum
level,® 1 1t would appear that any process of income redistribution that
would be followed by means of a public investment to avoid the need of
specific transfer payments at the first instance but which could very:well
require substantisl transfer payments at some secondary stage would violate
its motivating principle. If tranfer payments are objectionable on a spec-

ific basis at any one stage of production or consumption, they should in

1. American Economic Review, June 1967, p. 50L.




principle be equally objectionable at another stage. We are left with the
conclusion that, otﬁer things being equal, the best investment project is
the one which maximizes national income., It is important to note that this
approach is analogous but not identical with the investment principles of
maeximization now followed for a private firm, These principles concentrate
on maximization from the standpoint of an individual input-output unit in the
income flow process. This present criterion focusses on the total income
flow'process and therefore comprehends the contribution of sectors such as
the electric power industry that provide their product at less than that
which market power alone could command and which also discounts the contrib-
ution of sectors which because of market imperfections are able to command a
greater return than their competitive market valuation would cormand,

One qualification is justified at this stage. The choice between
things which maximize national income is a choice between selections of pro-
jects which maximize the total return, The literature of capital budgeting
abounds with examples of procedures of selecting among combination of projects
given a budget constraint on the total size of the capital commitment. This
approach is therefore an explicit opportunity cost approach, In maximizing
the plannef would choose among particular combinations of projects on the
basis of their foregone opportunities compared to other projects.

We have previously rejected the use of public investment projects
as a means of income redistribution. This should apply not only between
groups but also between regions, The danger of poorly conceived regional
devlopment programs is that they may merely construct a future "Springhill
Nova Scotiats", Furthermore, we as a consequence must reject anypreference
to live in Manitoba as a policy variable, as opposed to a consumption var-

iable. Individuals may well desire to remain in a region but if they do



so they should be willing to pay for this rigidity if the Manitoba economy
was not capable of maintaining the level of economic prosperity equal to

those of other regiouns,

THEORECTICAL JUSTIFICATION FOR REGIONAL DEVELOPMENT

The aim of this section is to arrive at a regional development
theory that will build on the previous observations of an investment eval~
uation procedure for regional investments in Canada. Recognizing that the
single most important criterion for any development scheme is its effect on
national incomes (particularly on a per capita basis), the manner by which
regional development contributes to meximizing national incomes must be in-
vestigated,

The explanation of the growth of provinciasl economies is often
phrased in terms of a "stsple theory" concentrating on the export of some
product or products to a foreign market. This theory can be contrasted with
the general explanation of economic progress which focusses on the growth
of population, the accumulation of capital, technological advancement and
the discovery of new resources,

These two approaches appear to be partly the result of the degree
of disaggregation used in the analysis, For the world as a whole, the growth
of income is clearly the result of the growth of investment, population,
technical knowledge and known resources. But for any individual, (except
a self-sufficient hermit) the growth of his income is dependent upon what
he can earn (export) from the sale of his services to others, The policy
implications of these two analytical approaches are more or less different,
In the staple theory approach the most immediate attention should be
focussed on means of increasing export possibilities and increasing effici-

éncy in the export sectors, In the "domestic Production® approach the most



immediate attention should be directed to improving investment prospects,
increasing savings, advancing technical progress, increasing the_size of
the markeﬁ and, probably most important, realizing fuller employment of the
productive factors,

Analyzing the Manitoba economy, it does not appear that changes
in Manitoba can be studied without including the interaction of decisions
that occurs in a national economy, At the same time, with the high mobility
of labour out of Manitoba and the substantial expenditure by Manitobans on
non~Manitoba products, it appears that macro analysis of the income-expen-
diture type would not explicitly comprehend significant factors contributing
to the explanation of the levels of economic activity attained, Mofeover,
the composition of Manitoba totals is subjectto variation different from
the variation experienced by the Canadian economy, Therefore, the growth
of Manitoba's economy must be analyzed by some means between those in
partial equilibrium analysis and those in national elements as income-
expenditure analysis,

As a result of the large out-migration, the supply of labour in
Manitoba is larger than would be immediately apparent by studies of the
Manitoba unemployment rate, Therefore, it appears justified to consider
labour as a surplus resource better than to consider it as a scarce res-
ource, |

An investment commitment of the scale of the Nelson River is
large enough to involve a structural change in the Manitoba economy (a 10%
to 20% increase in the construction labour force and is concentrated in the
northern region) but not large enough to qualify as a structural change in
the Canadian economy. Structural change therefore involves not only the

size of the change but also the relative composition of the sectors affected,



Canadian economi¢ historians have tended to explain the devel-
opment of Canada in terms of a staple theory gemerally associated with
the name of H. A Innis. Recently Professor Anthony Scott has explored
the relevance of such a theory to the regional development of Canada in
the mid-sixties and found it preferable to any other approach.'l

"The staple or export-community approach, . . . , offers an
explanatioh both of regiomal grdwth and of decline, chiefly in terms of
factor migration.” e

Regionai growth occurs in the first place not because of
regional savings or population increases arising from natural increase
but from migration resulting from employment and investment opportunities
in the export sector. Once the region 1s settled the staple "base" as it
continues to grow provides a basis for a cluster of manufactufing,vtrades,
services and govermmental and institutional facilities called residentiary
industries. ". . . the residentiary industrigs may not only impart the
air of being independent of the base, but may, through the development of
internal and external economies, become exporters themselves. Should this
happen, and should the region have grewn to sufficient size, the area may
now take off into self-sustained growth, in the Rostow sense.” 3

The region will have attained self-sustaining growth if it can
continue to expand even if the export staple industry's growth "ralters
or ceases". If growth does not continue this will lead ih time to the

emigration of labour or capital, unless another staple sppears. "o

1. "policy for Declining Regions: A Theoretical Approach", W. D. Wood,
R. S. Thomas eds. in Areas of Bconomic Stress in Canada, Industrial
Relations Centre, Queens University, Kingston, 1965, pp. 73-92.

2. Op. cit., p. 79.

3. Ibid.




the decline of a region can be ascribed to the decline of a staple." 1

In Scott's formulation of the staple thesis, the decline 6f
~ a region is not necessarily a misfortune.

"The maiﬁ lesson from the modgl is almost a truism: regional
incomes need not decline below the national average if labour is at
least as mobile as capital, and if both inputs emigrate at the rate
dictated by the rate of decline of the staple industry's market (while
it pays hational wage and interest rates) and by the associated decline

of the residentiary industries.” 2

This version of the staple theory has a lot of guidance to
provide for policy—makeis particularly in the field of goals and of man-
power measures. However, it may be difficult to determine whether a
particular decline is directly attributeble to a decline in the staple
industry or to the failure of residenfiary industriés to attain the
necessary levels of efficiency to enable the economy to achieve self-
sustaining growth. In the latter case the appropriate policy solution
would not be the migration of factors so much as the promotion of effi-
ciency and alternative opportunities. If a region declines it is possible
for historiasns at a later stage to explain the decline in terms of a staple
theory. If the region continues to expand a sélf-sustaining growth theory
cen be employed. But for regions experiencing a retardation in growth it
is difficult to determine which set of circumstances apply. The fundamental
merit of this approach is its relevance to therrejection of a large number
of subtle subsidization policies as wnjustified except for a strictly
limited transitiomal pericd.

1. Op. cit., p. 83
2. Op. cit., p. 85



One short-coming ofvthis theory is that it provides only a
skétchy basis for appreciating the growth of many nations which have
several interacting regions. One of the aims of Confederation and the
National Policy was the development of a complementary:industrialized
Bast and an agricultural Western Prairies. This theory has difficulty
in dealing with such cases,

The speeial relevance of this theory to the development of the
Nelson River is that since there has been somé reﬁardation in the growth
of Manitoba the potential development benefits for Manitoba arising from
the qonstruction program miéht better be derived from a policy to encourage
emigration.

1

W. Arthur Lewis in Development Planning — advocates an approach

of "regional balance". Regiohal diSparitieé are seen as natural due to
the different growth'potential of different areas and the economies of
geographical concentration. However, Lewis perceives clear advantages of
outlying areas as well:
. Economies of scale are a powerful force making for concentre-

~tion of population; . . . there are also dis~economies of concentration
which égow as population increases, and which sooner or later catch up
.with the economies to produce a state of balance: it pays to grow, but
only up to a certain point. Moreover, some ecbnomies are exhausted faster
than others, so the general picture is a string of towns of different

sizes."

Lewis' approach appears to be particularly promising providing

as it does a consistent economic explanation of the caumsality of comple-

mentary regional growth and a consistent set of aims for economic policy=-

1. Harper and Row, Publishers, New York, 1966.
2. Op. cit., p. Tl.



makers upon the basis of maximizing the efficiency of the total national

economy by optimally distributing population and productive resources

throughout the regions, This is a very important concept. If Scott's
staple approach provided a consistent theoretical basis for rejecting
proposals of subsidization to declining regions with small growth pobential,
Lewis' regional balance approach provides a consistent basis for weeding
out undesirable proposals of subsidization to the areas of concentration
that are experiencing excessiﬁe growth. Lewis has suggested as a provi=-
sional approach the very stringent examination of development proposals
for towns whose populations either exceed 500,000 or are less than 5,000.
The economic rationale for a program of limiting excessive concentration
Lewis explains in these terms:
In a free competitive economy, where prices truly reflected
social costs, a town or region could not outgrow its "proper”
size, in economic terms. As population increases, the marginal
yield of resources decreases, Rents rise. The cost of supply-
ing the city with food, water and other necessities from further
and further distances increase. The cost of travelling to work
increases. The streets and other facilities become congested.
The cost of living rises, and this is reflected in wages.
Despite the economies of concentration, the region becomes, for
some purposes, a high cost area. Some industries move out;
 others stay out. If the price mechanism worked perfectly a
“balance would be achiev ed where only those industries remained
for whom the special advantages of the area exceeded the high
“cost of labour, land and congested facilities. 1
Lewis is well aware that the price mechanism does not work per-
fectly. The virtue of his approaéh is the manner in which it casts propo-
sals for relieving urban problems into an opportunity cost context with
those of regional development since they are now seen as means of achieving
the same aim - remedying urban sprawl and congestion while maintaining an
optimal level of production and efficiency. By way of an aside he states:

In most countries of the world nowadays, people complain about

the excessive explosion of cities, and excessive development of some regions

1. Op. cit., p. T1.



o the neglect of others; yet most of the measures which are taken to deal
with this explosion, since they mainly diminish the differential disadvantages
of living in the congested areas, merely make the problem worse. 1

Procedures for Selecting Investment Projects

The first issue 10 be considered in the selection of investment
programs is the degree of decentralization of the decision-making process.

We might consider the American benefit-cost approach and the Russian national
policy approach as the consequences of two degrees of decision-making decen-

ﬁralization, the American approach representing a decentralized approach, the
Russian approach representing a centralized approach. The need for centrali-

zation has been described by Tinbergen as:

. . we may expect ‘planning to have a larger positive impact on
the economy in situations where (1) there is a more pronounced need
for forecasts; (2) there is a more pronounced need to stick to some
aims; or (3) there is a more pronounced need for coordination.
The need for coordination is particularly important in economies
where there is not a highly developed entrepreneurial corps. The United

States attachment to individual benefit-cost analysis is therefore partly a

result of the lesser need for centralization of decision making in their

society. dJohn Krutillo has expressed his preference for partial benefit-cost

analysis in these temrms:

. . . any meanin gful evaluation of a regional development program
requires intimate knowledge of the many activities which it repre-
sents. Furthermore, an approach which attempts to evaluate each
program activity individually for its impact on the sector of the
economy toward which it is directed is more promising than one which
attempts to determine justification for the entire package of devel-
opment programs by analyses conducted at levels several stages re-
moved from the area of direct program impact. 2

1. Jan Tinbergen, Central Planning, Yale University Press, New Haven,
1964, p.. 65. ,

2. John Krutilla, "Criteria for Evaluating Regional Development Programs",
American Economic Review, Vol. 45, (May 1955), p. 610.




‘On the other hand it is apparent from our discussion that in a
nation of regional disparities investment criteria for projects in which
there is significant government participation must maké some provision for
large and structural projects with respect to their macroeconomic impact on
the evolution of the economy. The Economic Council of Canada has stated as
a "guideline for action . . . the taking of decisions in respect of invest-
ments in social capital in accordance with an adequate cénsideration of
the economic énd social benefits to be obtained in relation to costs,® 1

_The determination of a consistent regional investment evaluation
must await further research, Eﬁen Jan Tinbergen and H, C, Bos after dev-
eloping a number of regional growth models assert in a concluding chapter
that in the splitting up a a national investment program into regional
programs®, . . the distance between practical possibilities and theorecﬁical

2

models is copsiderable still." Tinbergen and Bos do address themselves

to problem of regional development in the last paragraph of their Mathemat-

ical Models of Economic Growth:

To begin with a distinction between regionalsectors
and sectors the products of which can move to other
regions can be made., WNext, differences in production
costs between regions can be ascertained, Thus, some
regional distribution of production can be made with-
out having recourse to details about transportation

- 1, Annual Report, 1965, p. 176.
2, Jan Tinbergen, Hendricus C. Bos, Mathematical Models of Economic
Growth, McGraw-Hill, New York, 1962.




costs, As a third step, transportation costs can be
brought into the picture for such sectors as show

high = but not prohibitive - transportation costs.
This seems to be the most practical approach to regional
planning at the moment, Further refinements, along

the lines of the model discussed. . . may be the next
step. Here, however, we are clearly on academic rath-
er than practical ground.® 1

Despite this lack of convenient manipulative mechanisms, a common
sense approach to the consideration of the desirability of regional invest-

ment programs can be stated in terms of a small number of principles. Our
investigations have indicated that a conceptual framework for the organ-
ization of the various trends, influences, goals and criteria of regional
investment programs does exist, and despite the statistical difficulties
and mathematical complexities that remain to be resolved certain principles
of special importance do appear to be justified:

1. The proper aim of regional development programs should be
maximization of total national income., There are some difficulties here
in defining a desirable time pattern but the rate of interest deals with
most of these problems, At present the constraints placed upon decigionm
makers representing bodies such as the Province of Manitoba are such that
maximizing national income is not necessarily their objective, Bub, the
possibility of out~migration to other provinces tends to show that Canadians
(including Manitobans) would generally be better off if national income were
chosen as the aim,

2. The existence of alternative opportunities for the use of the
resources that are required to support the program must be recognized and
the use of these resources to achieve development benefits in alternative
ways must be evaluated.

1. Op. cit., pe 117,



3+ There may be bottlenecks in the producﬁive process that if
they exist could alter the wisdome of the program.

L. The export staple of the region should be identified and the
potential for expansion of the staple should be sppraised, For Manitoba
the relative decline fo the export of wheat must be replaced by a growth
in another staple if the region is to continue to grow unless it has al=-
ready reached the level of selfw-sustained growth.

5. Some attention must be directed to the relative advantages
and disadvantages of concentrafion of edonomic activity and the regional
advantages of low=cost and high-saving regions.

6. One consideration that must be kept in mind is the physical
strategy of the placement of facilities.

7. Probably the most difficult part of the problem of assessment
is to appraise the advantages of the project in terms of contributing to
the development of a new staple export project or the potential it has
towards advancing the prospects of long-term self-sustasining growth.

The profitability or financial feasibility of the project is a fundamental
guide, But it would appear that in the absence of a consistent well-
designed mathematical model a process known in marketing research as sensi-
tivity analysis is an alternative approach., By this method the desirabil-
ity of the project is examined by predicting its outcome in terms of sever-
al logical outcomes for the basic determinants of the feasibility of the

project such as cost behaviour, market growth, competition from alternatives

or changes in tastes. An appraisal can thereby be made of the "sensitivity" »+ + =

of the project to alternative outcomes, While precise mathematical probab-

ility estimates may not be feasible, an appreciation of the potential of



the project and its vulnersbility may be attained, In deriving an apprecia-
tion of thevpotential contributions to future self-sustaining growth or the
evolution of a staple industry, a sensitivity analysis of the project would
indicate whether or not the success of the project depended upon possible
but unlikely évents both within or without the region, and the contributions

of the project to that likelihood,



CHAPTER NINE
CONCLUSION :

THE ADVISABILITY OF DEVELOPMENT OF THE NELSON

The decision to develop the Nelson River was taken in the face of
considerable uncertainty upon the outcome of certain trends whose eventual
determination camnmot be known for some ten or twenty years (such as the actual
growth of demand for electric power in Manitoba). The determination of whether
the decision to develop the Nelson River at this time was correct or incorrected
will not be possible until some time in the far distant future. At this time
it is possible to comment only on the advisability of the decision and to re-
commend certain administrative procedures which would improve the decision-
making process.

As has been discussed, there was an intensive analysis of how best to
develop the Nelson River and some investigation of its advantages in comparison
to coal-fired thermal plants. However, there was little overall analysis of
its relative attractiveness in comparison to other schemes of developing the
Province of Manitoba.

Moreover, as has been seen, once the Premier of Manitoba had embraced
the project and had shown such enthusiasm for it, it became very difficult for
people studying the project (particularly in Manitoba) to dismiss it. This is
not to criticize Premier Roblin. Some indication of political enthusiasm was
required to obtain federal government cooperation in the costs of field work and
office studies required to assess the project. Furthermore, the massive capital

requirements of the Nelson and the attendant uncertainty necessitate a political

decision in choosing it over other alternative schemes of developing the Province



of Manitoba. However, the political decision should have been made after all
engineering, and economic considerations had been examined, not before their
examination had proceeded beyond preliminary stages. Because of the large
political overtones in hydroelectric development decisions, there are tremendous
advantages to separating political examination of the project from the economic
of the project by some meChanism such as was employed in the examination of the
South Saskatchewan Dam Project where a Royal Commission was charged with that
responsibility.

The advantages of a Royal Commission are considerable but one difficulty
of Commissions is that they are set up for specific studies and onee that study
is completed their existence ends. As we have seen many of the necessary studies
need to be done on a continuing basis. Perhaps some.type of Royal Commission on
project evaluation could be set up to conduct a continuing evaluation of the
relative merits of various projects on the basis of their contribution to
national growth snd the long-term optimum growth of the regions of Canada. Such
s, commission or council could not, in itself, remove the evaluation of projects
from political debate but it could ensure that such debate be conducted in a
more educated and informed context with a recognition.of relative costs and
opportunities foregone, The commission could develop consistent Canadian
methods for assessing the desirability of projects and policies according to
their costs and benefits.

Undoubtedly, the Nelson River development had aspects over and above
its purely economic aspects. However, the seven points outlined in the previous
chapter can provide some guidance as to the advisability of the Nelson River pro-
Ject.,

1. Tt remains to be proved that the Nelson River Development is the

best investment from the point of view of the maximization of the national



income. The examination of the project by the eleetric utility (on the basis
of electric utility economics) indicated only marginal (if any) advantages over
thermal electric capacity. The Nelson River Phase One Development will require
an additional $200 to $250 million over a comparative thermal electric develop~
ment. No comprehensive analysis has been conducted to indicate whether the
Phase One Development provides sufficient benefits to offset the opportunity
costs of the additional capital requirementé.

2. No analysis has been conducted of the alternative use of the extra
capital requirement (particularly in education). Even if as a result of im-
perfections in the capital market there is some restriction on the additional
capital forthcoming for non-hydroelectric developments, there is still reason
to believe that the investment in education (with its 20% return)l would be more
advisable than the achievement of marginal advantage over a thermal development.

3. The Phase One Development would require substantial amounts of
civil engineering services for which there are high priority alternative needs
for housing, highway, transportation and other requirements (particularly
urban services). Furthermore, the direct labour requirements would be for the
most traﬁsient element in the national labour force. FromAthe point of view

‘of the.Province of Manitoba, few would be Manitoba long-run tax-payers. Further-

more, the Phase One Development might require some worsening in the balance on
current account and an import of capital and benefit only slightly (if at all)

the marginal efficiency of capital compared to labour since the less capital

intensive thermal source is so competitive.

1. Page 90 Economic Council of Canada, Second Annual Review,

Queens Printer, Ottawa. 1965



L. Despite fond hopes to the contrary, it is extremely unlikely
that the electricity developed on the Nelson River will be exported in large
quantities or at a particularly profitable selling price. The potential export
markets already all possess alternative sources of energy of low cost.

5, Although £he definition of an optimal regional development
policy would require a rigorous investigation of all facets of the economies
and diseconomies of concentration as it affects regional development and its
interrelationships with different regional saving propensities, it does appear
that there are clear nationsl advantages in stimulating economic expansion in
low cost regions that are not faced with the wastes of congestion that are
confronting rapidly growing urbanized regions. Stimulating balanced growth
in Manitoba is a logical method of remedying housing problems in Toronto.
However. other schemes of developing Manitoba would also have this virtue with
perhaps less diversion of resources into the logistics of remote frontier
development.

6. The Phase One Devélopment would provide power relatively close-to
tidewster and contribute to the evolution of direct current technology. Both these
facets have some value although mainly of an intangible and problematical
character, |

7. A consideration of the sensitivity of the Nelson River Phase One
Development to alterations in basic déterminants indiéates the vulnerability
of this proposed scheme of developing the Manitoba economy. <Of the many possible
determinants of the future success of the Nelson River Development, the most
important basic determinants are the growth of the Manitoba economy as measured
by the growth in population and incomes and the progress in competitive energy
sources. particularly nuclear energy. A review of the probably alternative

outcomes of these parameters indicate the following consequences for the

development of the Nelson River:



a) If electricity demand grows as rapidly as projected then the
dévelopment of the Nelson River would provide the required
capacity and energy. The preceding six points are mainly
directed to the other considerations which affeet the advisability
of this development.

b) If electricity demand grows more rapidly than projected, then no
federal support would have been required and the development of
the Nelson River would be superior to the development of thermsl
capacity but perhaps inferior to nuclear capacity. It might be
noted that the appeal for federal support carried with it the
implication that this alternative was uncertain if not unlikely.

¢c) If electricity demand grows less rapidly than projected, then
federal support would be required but it would not be sufficient
to justify the choice of the Nelson River development compared to
a development of thermal capacity. In this case the Nelson River
development would not have triggered the necessary growth in the
Manitobs economy and the effort to develop the Manitobs economy
would have been a failure.

d) Irrespective of the growth of the Manitoba economy, the development
of nuclear technology might be such as to replace hydraulic generation
as a source of cheap energy. In such a case the development of coal-
fired thermal clearly would be justified since the savings of nuclear
over the Nelson River would clearly justify waiting until it had so
progressed and in the meantime coal-fired thermal capacity could
meet the required demand for capacity and energy without committing

the Manitoba government to so great a deal.



e) If nuclear technology. irrespective of the growth of the Manitoba
economy. does not grow as rapidly as expected, conditions are

unaltered from those in Cases a) and c),

From a review of the potential outcomes of the Nelson River Development,
it is apparent how vulnerable the justification for the Nelson River development
is upon the most fortunate outcome of the basie determinents. Reviewing the out-
comes of these determinants it is»unlikeiy that Menitoba population or incomes
will grow more rapidly than projected, especially since the project was in large
part justified on the basis of its stimulus to the Manitoba economy. The decision
to develop the Nelson River electric capacity is very vulnerable to the most
fortunate outcome of the basic variables. An investment in an alternative
- development (for example) education would be far less vulnerable from the point
of view of the national économy. Moreover, such an investment could be more
flexible since it could be altered without large inconvertiblewfixed capital resources.

To the policy-makers involved, the decision to-develop the Nelson River
was the only reasonsble decision for them to maeke. Any other would have been a
dereliction of their responsibilities by ignoring the constraints placed upon
their meximizing objectives. The development of the Nelson River represented
a realiiable method of sdvencing economic progress in Manitoba. None of the
administrative mechanisms eéplicitly provided for optimizing that progress. The
prevailing arrangements of the decision-making process provided for a division
of responsibilities between a separate electric utility, a separate provincial
entity. and the separate federal government. The sum of the parts is not equal
to the whole. No independent commission was charged specifically with the

responsibility of considering the overall welfare of the nation and of discovering



and evaluating development schemes within such a framework. This eould be the
virtue of a Royal Commission if it were charged with sufficiently broad terms

of reference so that it could affort to consider the welfare of the nation as

s whole., The American benefit-cost analysis has this advantage although it is
difficult to apply in cases of structural change. The American experience
indicates the advantages of charging the agency considering the development

with sufficiently broad terms of reference that it can assess all the significant
elements involved,

Although there is substantial uncertainty associated with the eventual
feasibility of the Nelson River Development, more certain conclusions can be
reached on the advisability of the procedure followed in considering the
desirebility of the project. The Quebec experience indicates the desirability
of an intense program of industrial load development to ensure the eventual
profitability of the investment in hydroelectric resources. Preferably such a
program might be formulated in advance of the project. The Russian experience
indicates the advantages of planning for structural change-both for the relative
merits of expanding one sector compared to another and also the proceduré whereby
the required inputs for a developmental sector are explicitly scheduled so that
the planning suthority can capiteslize upon the developmental potential of the
project.

The decision to develop the Nelson River appears to have been premature
although an accurate assessment can be made only after some twenty or thirty
yvears. Analysis indicates the vulnerability of the project to slight changes
in assumptions. A review of the public announcements and official papers does
not indicate that a study was made of alternative development projects or policies.

Without such studies we cannot be sure the Nelson River decision was the best



~available alternative and the most advantageous to Manitoba's priorities., An
independent national development commission would be able to develop the data

and techniques to arrive at a optimal regional development policy.






