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PREFACE

This report is the first in a series of three reports published
by the Prairie Farm Rehabilitation Adminigtration and the Economics
Divigion of the Canada Department of Agriculture., These reports are
part of a study begun in 1952, in conjunction with "A Survey of the
Law of Water in Alberta, Saskatchewan and Manitoba" by Per Gisvold,
t0 co-ordinate all known facts concerning the geographical location
of interprovincial watersheds in relation to present and probable
future activity and need, and to evaluate the legal and sconomic sig=-
nificance of various physical and angineering possibilities,

The three reports include:

Report No, 1, *Preliminary Investigation of the Economic
Significance of Water Requirements in Belation to Human
Activities and Needs in the Saskatchewan River Basin®,

Report No, 2, *Physical Features of the Saskatchewan River
Bagin®,

Report ¥o, 3, "“Annotated Bibliography of Selected Documents
Pertaining to Water Allocation and Utilization in the
Saskatchewan River Basin",

The present report is mainly concerned with the economic aspects
of the water problems and the extent of the water shortage.

The report on "FPhysical Featureas of the Saskatchewan River Baain®
discusses the physical features in relation to water supply and water
usse,

The "Annotated Bihliography of Selected Documents Pertaining to
Water Allocation and Utilization in the Saskatchewan River Basin® deals
only with Canadian literature on the subject.

The author gratefully acknowledges the encouragement, inspiration
and help given by the late Dr, L,B, Thomson, Director of the Prairie
Farm Rehabilitation Administration, Dr. C.C, Spence, Westera Supervisor,
Regional Offices of the Economlcs Division, and Mr, W,M, Berry of the
Prairie Provinces Water Board, Thanks are due to Mr, R,H, Clarke for
eriticizing the first draft,
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CHAPTER 1, INTRODUCTION: THE FRAME OF REFERENCE

In 1952 the Economies Division of the Canada Department of Agriculture
undertook a study of problems in water allocation in the Prairie Provinces
for the Prairie Provinces Water Board.l/

The rules regulating the use of water in each of the provinces of
Canada do not apply interprovincially. Within sach of the Pralrie Proviaces
the practice has been to issue licenses for all reasonably "good" projects
with priorities being allotted in strict conformity to thelr rempective
dates of application (provision being made to allow a "higher® type of user
to take over the priority of a ®lower" type of user, providing that the
need is demonstrated and damages are paid.2f

The Prairie Provinces Water Board was created in 1948, among other
things, "to recommend the best uss to he made of inferprovincial waters
in relation to associated resources in Manitoba, Saskatchewan and Alberta
and to recommend the allocatlion of water as betwsen sach such province of
streams flowing from one province into another province".3/

Many questions bearing on allocation ars likely to be asked by anyone
having to decide how to apportion the water., For example, he will want to
know how much water is available, He already knows that he cannot{ rely on
figures on the average anmal flow, since the flow varies from a high flow
in early summer to a low flow in the winter, and, unless the spring and
early summer flow is stored, it is not available for use,

At Edmonton the discharge of the North Saskatchewan River has varied
from & minimim of 220 cubic feet to a maxiwam of 204,500 cubiec feet per
second.l/ At Medicine Hat, the South Saskatchewan River has varied from a
minimm of 214 cubic feat per second to a maximum of 145,000 cubic feet
per second. 5/

Water shortages will be felt whenever the load on the river exceeds
the minimuim filow, Storage, modifying the natural regimen of the river,
tends to increase the load that can gafely be placed on the river,

1/ Prairie Provinces Water Board, Mimtes of 17 December 1952,

2/ See Appendix A; see also: Gisvold, P., A Survey of the Law of Water in
Albarta, Saskatchewan and Manitobs, Edmonton, Canada Department of Agriculture,
P,F.R,A, and the Economics Division, May 1956, pp., 28-32, The lagislation
varies slightly between provinces, but in genera) the pricrities of wme are:
domestic, minicipal, Iindustrial, irrigation, water power and other purdposss,

3/ Agreement between the Governments of Canada, Manitobda, Sasiatchewan and

Alverta, 28 July, 1948,

Jamary 1, 1950 and Jane 28, 1915, respectively, See Water Regources Faper

Iiosl}; 109, Department of Northern Affairs and National Resources, Canada,

1954, p.182,

5/ October 2, 1948 and June 3, 1923, respectively, Flow affected by storage
and irrigation above this station, See Ibid,, p.197.
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On the demand side 1t is legitimate to ask what uses of water may be
attempted in the foreseeabls future, How mich irrigation will be needed?
How mach power production will be desired? How mich water will be needed
for domestic, mnicipal and industrial uses, and to control pollution?

¥Water pollution becomes a matter for interprovincial consideration
when river water used dwnstream is polluted upstream in another province,
It may be controlled by action on two fronts: the quality of effuence
may be improved, and the discharge in the river may bde Increased,

Ag a refinement of the question conceraning irrigzation, ons might ask
what economlic priority attaches to the agricultural development of the pre-
gently uninhabited grey wooded soils, the socila of the Saskatchewan delta
which can be reclaimed by flood control and drainage, and solls which can
be reclaimed by irrigationm,

Purposes of the study.- The present study was undertaken to asaist
the Water Board in making decisions about the allocation of water,

The Board was deeply conscions of the need for information on the _
sconomlc significance of activities and needs related to water development,
The information would be particularly useful in making recommendations con-
eerning the allocation, among proevinces, of the flow of water in intere
provincial streams.

The Board's agsignment referred to the allocation of water ia the
Prairie Provinces, Strictly speaking, however, the Saskatchewan is the
only river system to raise many interprovincial problems, The scope of
the study, at least in its initlal stages, had therefore to be limited
to water problems in the Saskatchewan river basin,

The more specific purpose was to collate and analyze data on water
resoarces development and thns provide criteria for the allecation of
water between provinces, The Board was guided by the concept of allocation
according to the "most equitable use®, The determination of what is most
equitable may finally rest with the judicial power but, in any case, )
economic eriteria should play an lmportant role in arriving at a decision,

The economic significance of muman needs and activities can only be
expressed in terms of expected économic development. For the Saskatchewan
river bdbasin, for example, a comparative assessment mist be made of the amount
of water needed for irrigation and hydro-electric power purposes and of the
rotential and relative contributions of each to economic development,

A study of water allocation in a given river basin should begin with
estimates of the volume of water that would be available for use if all
usable enginesring sites were available, These estimates would enable the
economist to draw an economic supply curve depicting the water supply as
a function of cost, This curve could then be confronted with varions com-
binations of loads the river system might be expected to carry, A develop-
ment plan that could be undertaken in the foresesable future would then be
elaborated and engineering works planned to enpure the maximim use of avail-
able water,
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This approach entails many costly engineering studies, Their immediate
usefulneas might not be Jjustified by any load the river system may be re-
quired to carry. As we have encugh sngineering data for a preliminary
appraisal, the most realigtic way to begin our work is to make a general
examination of possible future needs and activities, before embarking on
more refined engineering studies. This examination, however, depends on
the analysis of projects now carried on; the economic worth of these
projects wlll serve as a guide in determining if similar projects ought to
be undertaken, An analysis of the relation between the water sapply and its
utilization is handicapped more by the lack of economic than of engineering
data, The first step then should be to begin with studies of economlc projects,
already developed or beling developed.

A study of water development in the Saskatchewan river basin is a
many-angled project. Atfention mist be given to past experience and
to the englnsering, agronomic and economic aspects of proposed irrigation
projects, But, as irrigation is not the only way to reclaim land or expand
the agrioiltural land area, ohe mist also consider what land area may be
reclaimed through drainage and the clearing of forest lands,

The development of the hydro-electric power potential of the river
may lead to economies in the use of other scarce resources mich as coal
and help many indusiries which depend on large power resources for their
development., The regulation of the flow of water wonld help control
flooding and increase recreational facilities and pollution control could
be effected as a by-product of this regnlation of the flow of water.

The fundamental problem, however, is to determins if the available
water supply is sufficient for present and expected future needs,

CHAPTER 2. THE GEOGRAPHICAL SETTING

The Saskatchewan River basin stretches across the provinges of
Alberta, Saskatchewan and Manitoba; a small area in the southwest of the
basin lies in the northwestsrn corner of the State of Montana., The area
covers about 149,500 gquare miles, or 95.5 million acres, of which 82,000,
66,600 and 900 square miles lie in the provinces of Alberta, Saskatchewan
and Manitoba, respectively.

The basin is drained by the north and socuth branches and the main stem
of the Saskatchewan River, and their tritutaries. The two branches merge
about 30 miles east of the city of Prince Alberta, from whence the main stream
carries the water to Iake Winnipeg which &acharges, via the Nelson River,
into Hudson Bay.

To the north, drainage is effected by the Athabasea and Clmrchill rivers.
South of the basgin, the prairie provinces are drained by the tritutaries of
the Missourl and by the Assinidboine River and its tributaries.

The western part of the basin is bounded by the Rocky Mountains, which
gseparate the Pacific drainage from the interior. The eastern slopes of the



Rockies drain into the Saskatchewsn River and contritute a very large pro-
portion of the total runoff of the basin,

Relief.- The three prairie "steppes’) which cut across the basin, are
the chief characteristics of the area., The highest of these elevations
slopes northeastward from the mountains, falling from about 4,000 feet to
2,200 feet at the Migsouri Coteau, The latter is an escarpment that can
be easily identified from its shape: 1t consisis of dirt hills that rise
as mch as 500 feet above the surrounding prairie and cut across the dasin
Just west of a line drawn between Weyburn and Mosse Jaw and extending
generally in a northwest-southeasterly d irection, The relief on this
Hgteppe! iz far more hroken than on the others, and erosion has gone further,
In some areas the surface has been worn down into round hille, and in the
vicinity of the rivers deep drawe and coulees form a broken and picturesque

topography,

The second level of the prairies comprises a rolling plateau with
an average altitude of about 1,600 feet, It is bounded on the east by
the Manitoba escarpment, a line of hille rising to 2,000 feet and separated
from each other in places by many rivers flowing eastward,

The other prairie level stretches east of the Manitoba escarpment
to the Canadian Shield and is a flat featureless plain, corresponding
closely to the bed of glacial Lake Agassiz.l/

Climate, soils and vegetation,~ The Saskatchewan River basin lies
in the cool temperate zone, Temperature and precipitation vary greatly
from ocne end of the basin to the other, owing to the large area covered
by the basin itself,2/ It lies sonth of the 32 degree Fahrenheit isotherm
marking the average anmal temperature and has 120 frost-free days. The
ccldest months, December, Jamary and February, have an average temperature
of 10 degrees F, The warmest months, June, July and August, have an average
temperature of 65 degrees F, These averages fail to show, however, that
winter temperatures can be as low as 60 degrees F, below zero, ani summer
day temperatures as high as 105 degrees F,3f

Iittles rainfall reaches inland from the Pacific, because of the mountains,
tut the rainfall deficiency is not uniform, Medicine Hat is one of the driest
districts in Canada, the average anmal precipitation amounting to only 12,81
inches; toward the north, near Red Deer, the average anmial precipiiation is

_]_.f For a more detailed account of the physical characteristics of the
Sagkatchewan River basin see interim report on "Physical Features of the
Saskatchewan River Basin", _

2/ The basin stretches across the Prairies through 18 degrees of longitude,
from 117 degrees west to 99 degrees west, a distance of sabout 650 miles,
At its point of maximum width, excluding the portion lying in Montana,
the basin extends from 49 degrees north, to 54 degrees north, a distance
of about 300 miles,

3/ For a more detailed sxamination of climate from the hydroclogical peint
of view, see Interim Report "Fhysical Features of ths Saskatchewan River
Bagin®,
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20,63 inches.)/ Fortunately for agriculture, the largest part of the
rrecipitation occurs during the growing season during June in the south,

and gradumlly later as one yproceeds north where the rainy season is

in July. The psucity of moisture mskes imperative the use of drought-resistant
varieties of crops, and of moisture conserving cultural methods,

Data on precipitation ani temperature conceal the fundamental issue
as far as agriculture is concerned. Evaporation and transpiration are more
important than the abgolute amount of rainfall, Evapo«transpimtion , which
varies with temperature, wind direction, amount of sunshine and vegetation,
‘etc., largely determines the efficiency of molsture for agricultural

purposes.

Some idea of the aridity of the Saskatchewan River basin may be inferred
from the following. A study of the evaporation from large lakes and re-—
servoirs, equivalent in size to the lake of the Woods, shows that
evaporation is considerable, sven during the winter months,2/ According to
this study, which deals with potential open water evaporation, mean evaporation
in the Calgary-lethbridge area, in Jamnary, is equal to 0,6" whereas the
region running from the Calgary-Lethbridge area east to Swift Current has
an evaporation potential of 0.5" in Jamary, In ti¢ remainder of the basin
evaporation would be less severe, In July, the mean evaporation in the
Manybverries-leader (Sask.) area would amount to 7.5, For mich of the basin,
for instance, f rom the international boundary at about longitude 113 degrees,
north to about Strathmore, and east to Scott and Saskatoor, and to the inter-
national boundary at about 100 degrees longitude, the mean July evaporation
would be equal to or exceed six inches. The area just depicted describes
falrly closely the Palliser Triangls which is disucased in some detail in
the following chapter,

Mean annual evaporation wonld wary from very little in the upper reaches
of the Rockies to 37.5 inches in the Manyberries-leader (Sask.) region, The
area described above has an evaporation potentisl exceeding six inches in
{uly and a mean anmial evaporation of 30 inches,

In the foregolng, no conslderation has beengiven to transpiration, and
indeed no thorough study of the évapo-trangpirtation characteristics of the
basin exists,3/ The figures cited above refer to large, open bodies of
water; how thege figures would compare with evaperation from the land is not
known, Nevertheless, when the potential evaporation is equal to 30 inches,
and preclpitation is in the neighborhood of 15 inches, a semi-arid condition
is bound to be the outcome, This is the situation in the area previcusly
described, In the Manyberries-leader (Sask,) region, eraporation exceeds pres-
cipitation by 25 inches on the average. Nowhere in the basin with the excoption

1/ Climatic Summarleg for Selected Meteorological Stations in the Dominion of

lanada, Vol, 1, Meteorological Div,, Dept, of Traneport, Toronto, p.42,

2/ Evaporation from lakes and Reservoirs on the Canadian Prairies, Sanada Depariment
of Agrie., P.F.R.A,, Prairie Provinces Water Board Report, No. 5,
Regina, 1952,

3/ A study, sponsered by the Prairie Provinces Water Board, dealing with
evapo~transpiration characteristics on the Prairies, is nearing completion,




of the back ranges of the Rockies does precipitation equal or exceed
evaporation,

The relative aridity, already great because potential evaporation
exceeds precipitation, is made more intense by the fact that a good deal
of precipitation is lost to agricultural purposes because of runoff, Cne
of the main reasons why most of the Saskatchewan River basin can be used
for a typs of agriculture which relies on natural precipitation is that
precipitation occurs mainly in the early summer during ihe growing season,

It is generally understood that a fairly large area of the Canadian
Prairies lies in a region of low molsture efficiency tut there are no data
to depict the exact boundaries of that region., Soil types and vegetation
are indicators, however, and the region of lowest moisture efficiency on
the prairies can be delineated approximately by these characteriastics.

The northwerd extension of the Great Flains region of the United
States, commonly known as the short-grass area, comprises ths southern
part of the basin, Thie is the region of brown soils, Its vegetation is
sparse, with a cattle carrying capacity which may be as lew as 4O acres
per animal, Common grasses are blue grama, Jjune and spear grass, The
brown soil reglon 18 seesn in the accompanying chart as the darkly shaded
area with its base on the 49th parallel.

This area can be identified in a rcigh way by reference to certain
census divisions, In Sasikatchewan these are Divisions 2, 3, &4, 7, 8,
12 and 13; in Alberta, Divisions 1, 3, 5 and 7.

The brown soils with their characterlstic short grasses merge into
the dark brown solls; these goils have somewhat longer and more lumariant
grasses, The brown soil region is bounded by a black scil zone characterized
by tall grasses and scattered trees — a park belt, Surrounding the park belt
ia a region of transitional soils and sgrey podsols typical of timbered country,
The type of vegetation and the soll types indicate that moisture efficiency
improves as one proceeds cutward from the "inner triangle® of brown solls and
short grasses, The type of agriculture becomes more intensive as moisture
efficiency increases, Tims, a good deal of the brown soll zone ig given over
to grazing; the dark brown soil zone is used mainly for wheat production;
and the black soil zone supports a "mixed farming® type of agriculture in
which livestock enterprises are a common characteristic, The transitional
soll zone is an exception to the general trend; climate and markets are
more serious limliting factors for agriculture than moisture efficiency per se.

The Sagtche%g River and its salient characteristics.-l/ The Saskatchewan
River rises in the Hocky Mountains east of the Great Divide, The South _
Saskatchewan proper begins at the confluence of two of its most important
tritutaries, the Bow River and the Oldman River west of Medicine Hat, Alberta,

1/ See Inberim Report "Physical Features of the Saskntchewan River Basin®, for
a more detailed account, See also Denis, L.G,, and J.B, Challies, Water

Pewers of Manitoba, Saskantchewan and Alberta, Cemmission of Conservation,

Canada, Toronto, Warwick Bros, and Rutler, Ltd., 1916 chs, 6-11 inclusive,
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The Eed Deer River, the third important triutary, joins the South
Saskatchewan at a point just east of the Alberta-Saskatchewan boundary.

The North Saskatchewan itself rises as a result of melt from the Saskatchewan
glacier of the Colombia Icefields.l/ It has several tributaries, of which
the Clearwater River is the most important from the standpoint of discharge.
Both branches of the Saskatchewan River meet at a point adout 30 miles below
Prince Albert , Saskatchewan. Below the confluence the Sagkatchewan River
receives several more tributaries, € which the most important are the Carrot
River and the Torch River, Below Hipawin, Saskatchewan, the gradient of the
river flattens and the last stretch of the river displays a great varlety
in the relief of its banks, sc¢ that lakes and marshes are characteristic,

of the region, Shortly before emptying into Iake Winnipeg, the gradient of
the river changes rapidly, the water falling 120 feet in dout five mileg,

The first important feature is the variation in river gradient, In
the mountain and foothills area slopes range from 5 to 100 feet per nmile
and the banks are ghallow., Farther eastward, in what may be called the
Western Prairie Region 2/ , the river gradients are moremoderate, river
banks are deeper, running as mich as 100 feet or more, and irrigatiom by
gravity ls possible becausme of the rather shallew banks and falrly steep
slopes, Most of the irrigated land is in that part of this region which
lies in the southern area eof Alberta., Parther east, e.g., at Médicine Hat

on the South Saskatchewan, and at Edmonton, on the North Branch, the banks
are deeper, and the gradients flatter, Imn this region, depending on the
existence of sultable foundations for dams, the deep valleya have great
storage potentlials, since the banks may bde as mich as 500 feet above the
surface of the water, As already mentioned, the river banks become shallow
agaln somewhat east of Nipawin,

Secondly, the great importance of the eastern slopes of thelockies
for stream flow should not be overlooked, On the average 58 per cent of
the disgharge of the North Saskatchewan at The Forks is at Bocky Meuntain
Haise, some 100 miles southwest of Edmonton, It 1g difficult to get com-
parable figures for the Scuth Branch, since it involves consideration of
three $titutaries, the Oldman, the Bow, and the Red Deer, The flow of the
South Saskatchewan River at Medicine Hat is about 76 per cent of its total
flow, although the drainage area at this polnt is only about one-third of
the total area, At the confluence of the South Saskatchewan and ths Red Deer
rivers, 95.4 per cent of the total flow is present, and 67,7 per cent of the
drainage basin has been utilized,

The third important feature is the variation, both seasonal and anmal.
With respect to the former, flood stage occurs in the early summer, and
minimm flew in Jamary and February. Table 1 depicts the extremes of stagze
recorded for each of the north and scuth branches and for the main stream
of the river but does not distinguish between ssasonal and anmal variability,

Both types of variability are present in the figures given in the table
tut seagonal variability is the mest impertant camse of the great disparity
between maximum and minimim discharges.

1/ The Columbia Icefield is a remnant of the Cordilleran Igesheet, estimated
to held about 17 million acre-feet of water, .

2/ Canada, Department of Agriculture, P,F.R.A,, Hydrology Divisien, Full Develop~-
.ment Possgibilities in the Sagkatchewan River Basin, Regina, Sask., 1952,




Table 1,- Average Aunmial Bunoff and Maximim 823 Minimum Extreme Records for the North and
South Branches and the Saskatchewan River, at 8S8elected Points, 1913 to 1951

Extremes of sg ecrdg -

8 vrage anmal ¢
:  runoff af s Maximm ¢ Minimm
River recor station :  {acre-feet) : {e.f.n,) g {o,f.8.)
North Saskatchewan river at Prince
Albert 642314,000 200,000 cf 395 &/
South Saskatchewan river at
Saskatoon 7,176,000 131,000 of 502 gf
Saskatchewan river at The Pas,
Manitoba 18,000,000 105,500 g/ 1,790 bf

Alberta, Report on Surface Water Supplies and Water Power of Alberta, Water Rescurces Office,

Bimonton, 1948,

Canada, Water Resources Paper No, 109, Department of Northerm Affairs and National Rescurces,
Ottaws, 1954,

July 2, 1915,

Jamiary 23, 1935,

June 6, 1923,

December 12, 1936.

June 11, 1948,

February 3-4, 1930,

ERksloiele 1 I

.
Source: As shown in footnotes af and Yf.
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Seasonal variability makes storage necessary to maximize hydro-
electric production. It may be necessary also to ensure domestic and
industrial sapplies of water, and for pollution abatement, Such river
regulation might come ahout by power storage on the headwaters, assuming
it would be released during periods of peak power demand, Since the latter
coincide very nearly with minirmm natural discharge the low~flow would be
augmented, bringing benefits to some dwnstream users,

Anmial variation makes river control necessary only when the demand
on the water is so great as to exceed the discharge on low~flow years.
This might come about becauge of extensive irrigation or because of a
combination of irrigation and other uses. Storage, to offgset anmal
variability, might have %o be quite large, and if so, the works necessary
to contain it would be costly.

Water resources in relation to major sourcesg of vrimary energy.~ The
hydro-electric power potential in the Saskatchewan River basin mst be
considered in relation to the magnitude and distritutlon of energy sources
in the Prairies, Development of the power sites depicted in ths key map
following this chapter would result in an installed capacity of about 600,000
horse power, However, most of these sites are in Alberta, a province with
large reserves of coal and oil. Canadian oil reserves in 1957, were estimated
at 3.6 billion barrels (excluding the Athabasea oil sands) and natural gas
reserves at 28 trillion cubic feet. About three—quarters of the Canadian
oil and gas reserves are in Alberta, and most of the remainder in Sasgkatchewan,
Recoverable reserves of coal have been estimated at 72 billion tons for
Alberta 1/ and 12 billior for Saskatchewan, Manitoba, on the other hand,
hag very little indegencus coal and oil and depends heavily on hydro-electric
Power as a scurce of primary energy.

Summayy,- The Saskatchewan River basin, with its continental type
of climate, may be described as sub-fumid to semi-arid, Therefore, water
ig a limiting factor in agriculture, especially in the brown soil zome,
While the limits placed by water vary throughout the basin, except for the
upper reaches of the mountains, potential evaporation exceeds precipitation to
some extent, and in gome cages thisg potential evaporation is as mich as 25
inches greater than precipitation, Water for hydro-electric production,
asgumes important propertions in Manltoba, because of the paucity of other
soarces of primary energy.

1/ Britnell, G.E,, "Perspective on Change in the Prairie Economy" 5 __T_lgg
Canadian Journal of Economics and Politieal Scisnce, Vol. 19, No. 4,
{November 1953 ), pp. 437-454 c¢.f, Report of the Royal Commission on
Coal, 1946, which places recoverable coal reserves in Alberta at 24
billlon tons.
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CHAPTER 3. THE HISTORICAL SERTING

According to the Census of Canada, in 1951, 1,060,547 peeple eccupied
the pertions of Alberta and Saskatchewan laying within the Sasiatchewan
river basin, {(Table 2)

Table 2.~ FPepulation of Alberta and Saskatchewain within
the Saskatchewan River Basgin, 1901-1951

e ———

: Decennial census year
Province $1901 : 1911 @ 3921 : 1931 3 194l : 1951
Alberta 66.831 350,785 532,670 631,027 668,222 802,356
Saskatchewan 14,782 142,031 256,175 316,639 288 ,§g 258,191
Total - 81,613 492,816 788,845 947,666 956,905 1,060,547

Searce: Canada, Cemmug Reports.

The history of ssttlement of the basin 1s essentlally the general story
of prairie settlement, Therefore, we shall not attempt te distinguish between
rrairie settlement and the economic develepment of the basin, the twe being
breadly aynonymous. Oir discussion will be almost wholly confined to
develepment, as it affects land and water use,

Prairie settlement.- The history ef prairie settlement has heen
writien elsewhere and the problems created by the occupation of a sub-
umid to semi-arid region have been explored,l/ However, as an aid to the
understanding of the mid-twentieth century water problem, some of the more
important aspects of settlement will be sketched.

1/ For a detailed account of settlement and problems arising cut of the
attempt to apply agrieultural practices to the Prairle Provinces, the
following hould be consilted: Britnell, G.E., The ¥heat
Toronto,_the University of Toremto Press, 1939; England, Robt., The

Colonization of Western Canada, London, P,S. King and Son Ltd., 1936;
Fowke, V.C.,, "The Historical Sebting"™, Repert of the Roval Commissien
on _the South Saskatchowan Project, Ottawa. The Queen's Printer, 1952,

Pp.71-130; TFewke, V.C., Canadlan Agricultural Pelicy: The Histwrical
Patiery, Teronto, The University of Toronto Press, 1947; Hedges, J.B.,

Building the Canadian Wegt, New Yorg,The Macmillan Co., 1939; Innis,

Mary Q., An Bcohomic Histery of Camada, Teronto, The Ryerson Preas,

1948, chs, 9 and 10; Mackintosh, W,A., Prairie Settlement: The Geozraphical
Setfing, Teronto, Macmillan Ce. Itd., 1934; Mackintosh, W.A,, Economic
Probiems of the Prairie Provinces, Teronte, The Macmillan Co., Ltd., 1935;
Mackintosh, W,A,, The Fconomic Backereund of Dominion-Previncial Relations;
A Study Prepared for the Royal Cenmission on Deminion-Provincial Relatiens,

Appendix 3, Ottawa, King's Printer, 1939; Morton A,S, and Martin, Chester,
History ef Prairie Settlement and "Domipion Iands" Pelicy, Terento. The
Macmillan Ce, Itd,, 1938; Marchie, R.W,, icultural Prozress on the
Prairie Prontier, Teronto, The Macmillan Ce, Itd,, 1936; Webdb, W.F,, The

Great Plains, Beston, Gimn, 1931,
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Settlement of the Prairie provinces began in the mid-nineteenth
century, tut mest of it was done during the firat three decades of the
present century, National policy in Canada, revelving areund tariffs,
railreads and western lands, had fer iis scenomic purpese esaentlally
commercial ends, and preomoted settlement as an instrument to accomplish
its objectives.l/

Iz spite of Palliser!s 2/ epinien that a great deal ef the West was
uafit for settlement, ani in spite of Hird's fcorrobaration concerning
the "triangle", centrol of the area was taken over frem the Hudsoen's Bay
Company, by the Canadian Government, through an agreement reached in 1869
and plans wera lald te effect setilement,

Palliser regarded only the drier part of the Pralries as unfit fer
settlement, Thia, he recogznized as the northern part of the American
desert which "extends, however, but a shert way imte the British territery,
forming a triangle, having for its base the 49th parallel frem lengitude
100 degrees teo 114 degrees W,, with its apex reaching to the 52nd parallel of
latitude ® 5/ The region he described is not a triangle, and the area involved
is in excess of what 1s new recegnized as the really dry belt, The latter
cerrespondas fairly clesely to the brown zeil gene, described dbriefly ia
Chapter 2, His opinien of the triangle's fitness for agriculture, which
can be seen from the following quetatien, was net optimistiec,

"The true arid district, which occupies most of the ceunmtry
aleng the South Saskatchewan, and reaches as far merth as latitude
52 degrees, has even early im the seasen a dry parched leeck..., The
grass is very short on these plains, and ferms neo turf, merely con~
sisting of little wiry tuffs, Mach of the arid ceumtry is occupied
by tracts of leese sani, which is censtantly on the meve hefere
the prevaliling winds, This district, altheugh there are fertile
spets threughout its extent, can never be of much advantage to us
as a possession" £/

He was much more entlmsiastic about the regien that surreumds the
arid area in an arc, The fellewing remarks indicate his high epinien
ef the park belt for future agricultural settlement,

"The richness of the natural pasture im many places
oa the Prairies of the secoend level aleng the Nerth Saskatchewan
and its tributary, Battle River, can hardly be exaggerated,

Fowke, V.C., C ian icultural Pelicy: The Histori Pattern,
ZTeronte, The University ef Teronte Press, 1947. ‘
Paliiser, Capt, Johm, J 8 tailed R ts ghservail

Relative to the Exploration of .., British Nerth America ,.,, 1857-1860,

Lendon, 1863,

Hind, H,Y, Narrative of the Canadian Red River Explcring Expedition of
18 The Agginiboine and Saskatchewan lori edition of 1858,
Vols. I and II, Lomdon, 1860, _ _

Fowke, V.C., "The Historical Setting", The Hepert of the Royal Cemmissien
op the Seuth Saskatchewan River Project, Ottawa, 1952, pp.71-130.

Palliser, op, cit.y P.7.
Ivid, p.246.

O SR )
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Ites value does net consist in its being ramk or in great quantity,
but from its fine quality, comprising mutritiocus specles of grasses
and carices, along with matural vetches in great variety, which
remain througheat the winter socund, Jjuicy and fit fer the nourish-
rent of steck,

*Almest everywhere along the course of the Nerth Saskatchewan
are to be Tound eligible situations fer agricultural setilement, a
sufficiency of geed soil is everywhere to be found, ner are these
advantazes merely confined to the meighborheod ef the river; ia
several districts, such as nerthwest of Carlten,l/ we traversed fime
land f£it fer all purpeaes, beth of pasture and tillage, extending
towards the thickweood hills, and alse te be found in the region of
the lakes between Feri Pitt 2/ and Bdmenton,

*In almesat every direction from Edmenton the land is fime,
excepting emly the hilly ceuntry at the hizher level; such as the
Beaver Hills",3/

The British Gevernment had sext Palliser to explere the Canadian
VWest ia 1857. Ia the mext year the Geverament ef Camnada sent H.Y, Hinmd,
vhese ebjective ameng eother things was te determine the agricultural
possibilities of the regien, cemprised of the Agsinibeine River and
Saskatchewan River valleys, Hind, like Palliser, cencluded that the regiem
of the Saskmtchewan River valley, kmewn as the shert grass plains, was wholly
unfit fer settlement, This epinien alemg with his delimeation ef the regiea
is indicated in his ewn words as fellews:

"The true_limit of the Plains im ert's land, east of the
Seath Branch /#f the Saskatchewan Rivep/, is well shown by the
Grand Coteau de Missouri, The coumtry east of that natural boumdary
may be classed as Prairie country, over the greater pertion ef which
forests of aspen would grow if anmal fires did net arrsst their
progreas, The plateau of the Grand Cotean [de Misgauri/ forms the
true Plaing of Rupert's lend, where both soil and climate unite in
establighing a stérile region, The Grand Coteau de Missouri, distinctly
visgible from the Eyesbrow Hill begins im latitude 45 degrees, abeut
sixty mlles southwest of the head of the Coteau des Prairies ia
latitude 45 degrees 55';: the intervening valley is occupied by
James!s River, an affluent of the Missouri,

*"Its beundary pursues a course nearly due north, under the 99th
meridian, and still preservimg a merthwesterly direction cemes ca
the Seuth Branch ef the Saskatchewan, a few miles frem the Elbew
in lengitude 108 degrees, The regien sast of the GraniTetean

1/ Year Carlten, Sask., seme 70 miles S.V,ef PrinesAlbert, _
2/ Fort Pitt dees net exist at the present tims, It was lecated en the
nerth side ef the river, mertheast of Lieydmimster, See MacGreger, J.G.,

Blapkets ani Beads, Edmenten, The Institute ef Applied Arts, Itd,, 1949,
pr.137-8. |

1/ P‘Il’.-.r. op, Eig.' P.loo



-13 -

belongs to the prairie region, the Grand Coteau itself and its
prolengation towards Battle River, from its eastern boundary to
the foot of the Rocky Mountains, conatitutes the Plains properly
gso-called for the northwestern territories of the United States
and of British America, From the character of ite soil and the
aridity of its climate, the Grant Coetean is permanently sterile
and unfit for the abode of civilized man",lf

Despite the pessimistic reperts of Palliser and Hind, the Canadian
Government acquired the region of Rupert's Land, and provided arrange-
mentas forits settlement,

Plang for settlement, in the first quarter of a century after acquir-
ing the FHudson's Bay Territories, consisted in three institutional
arrangements, Thege were first, the retentien of unalienated lands by,
the Deminien, This was a departure from usage since it was established
by the B.N.A, Act 2/ that control of reseurces rested in the prewinces,
Tmus the Manitoba Act (1870) provided that -

®"All ungranted or waste lands in the prevince shall be,
from and after the date of the sald transfer, vested in the
Crown and adminigtered by the Government of Canada for the pur-
peses of the Deminlen, subject te, and except and se far as the
same may be affected by, the conditiens and stipula.tiena contained
in the agreement for the surrender of Rupert's Iand by the Hudson's
Bay Company to Her Majesty.® (33 Victeria, Sectiem 30),

These provisiens were extended to Alberta and Saskatchewan when the
latter were created in 1905.3/

The second ingtitution, really an adjunct ef the firat, was the
Homestead regulations, incorperated in the Deminien lands Act of 1872,
Nothing 1like all the lands in the West were available for homesteading:
The Hudson's Bay Cempany retained ecne~twentieth of the land, and cne~
eighteenth was allecated fer aduncatienal purpeses, The amount of land
involved in these two instances accounted for about 14 millien acres,
In additien, 25 million acres were sot aside te hely finance the com=
gtructien of a transcentinental railread, fThe latter is the third in-
ptitutien to which reference was made abeve.

Settlement lagged at first. ZIEven with the completion of the Canadian
Pacific Railway in 1885, the mumber of hemestead entries did net increase.
Not until the early years of this century did settlement begin te econr
rapidly, Tms, from 1874-1899 inciusive there were only 81,437 hemestead
entries, whereas in the five years frem 1900 te 1904 there were 87,682
entries.4/ With the eutbreak of war the flow eof imigmts slewed dewn

1/ Hind, . PP.350-351.,

2f Section 92 5)e

3/ Section 21 in each Act.

4 Mackintosh, W,A,, Ecenomic Preblems of the Prairie Previnces, Terente,
The Macmillan Co, Itd., 1935, p.282.




-14 -

but by 1930, that is, in jJust over half a century, 672,268 entries had
been recorded.

Settlement tended to take place im the fertile belt around the short
grass plaing, rather than en these plains, However, summerfallowing, &
technical innevation, asstciated with the name of Angus Mackay, made
gsettloment ef the short grass regien feasidble, With summerfallewing moisture
could be stored from ene season to the next,l/ Armed with this technique
and, after 1910, first Marquls wheat, settlement of the short grass regien
wag accomplished during the 19506-1916 peried., Frem 1909 te 1912, the
area between Meosse Jaw and Calgary was thrown epemn te hemesteading and
cccupied.2/ After reaching a peak eof 300,523, in 1936, the mumber ef
farme then declined steadily although the mmber eof eccupied acres,
with the exceptien ¢f a minor set-back during World War II, centimied
te expand. The decline in the mmber of farms can be attributed te
three facters, First, the quarter and half-gectien farms, festered by
the settlement pelicy, proved to be too small te previde an economlc unit,
The extensive type ef farming reguired in the dry-beli, owlng doth to
pancity of melsture and extreme wariability, made it econemically imperative
te have larger farms, Second the technical revolutiem im the farm equip-
ment indnstry, mainly the eubastitutien of power by the internal combustion
engine fer herse and mle pewer, made larger holdings pesasible, And,
finally, theusands ef acres of land were taken out of cultivatiem by
‘geverrmental actien and placed under the administration ef the govermment
concerned, Reference is made in particular te the special areas of Alberta
and the commnity pastures and other devices used in Maniteba and Saskatchewan,
Table 3 describes the changes in the mmber eof farms, area eccupied, area
impreved, and area in field crops, during the first half ef eur century,

While land abandenment, and increases in farm sigze drastically reduced
the mmber of farms in the drier areas of the three previnces, settlement was
taking place in the Peace River bleck and in the nerthern grey-woeded
areas of all three previnces., Therefore, the figures ghowing the mumber of
farms in Table 3, although indicating a decline, greatly underestimate the
reduction in farm mumbers in the semi-arid region. Irrigation development
to the extent that it occurred, with the small holdings that have been
commen, tends alse te ebscure the extent of land abandonment in the dreught
areas, Hence, a goed deal of the regien depicted by Falliser and Hind as
unfit fer setilement hags been abandened te grazing, or has been made
arable through irrigation,

Of ceurse, the pace of settlement may be discerned froem indicaters
other than these shewn, Prairie farm investment more than deubled in the

1/ Because of susceptibility te wind eresien, the eriginal practice of
"black" summerfallewing gave way in the early 1930's te a “trash covered"
type of summerfallow, made pessible by a technical revolution in the farm
ecuipne~t indsatry which introdiced smitable rmachinery anml which made
practically absolete, on the plains proper, what had been coensidered
standard equipment - namely, the mauldbeard plow,.

2/ Fowke, V.C., Reyal Cemmissien, ¢p, cit., p.100.



- Table 3.- Number of Farms and Area Occupied, Improved and Under Field Crops, by
Census Years, Prairie Provinces of Canada, 1901-1951

-gt..

Number Occupied Improved * Field : Field crops

Year : of farms ¢ (acres) ¢ (acres) ° crops (acxes) : per farm (Acres) a/
1901 55,176 15,412,411 5,592,601 3,608,000 b/ 6544
1906 e s/ 74 </ </
1911 199,203 57,642,844 22,969,774 17,677,091 89.0
1916 218,563 73,300,135 34,330,246 24,595,915 112.5
1921 255,657 87,931,804 4, ,863,266 32,203,206 126.0
1926 248,162 88,929,99 49,264,625 34,987,081 141,0
1931 288,079 109,782,602  59'BI9°£3 40,006,091 138.9
1936 300,523 113,112,500 60,849,957 40,194,581 133.7
1941 296,469 120,129,544 65,531,714 38,300,618 129.4
1946 269,601 117,538,678 65,395,228 41,626,834 154.7
1951 248,716 4/ 123,853,220 . 71,839,624 45,427,637 182.8 d/

Simple arithmetic mean.

Area under crops includes gardens, orchardseand nurseries, in this instance.

Hot avaiiable.

Not directly comparable because of a ch#nge in definition of a farm.

e e g e

Source: Canada, Dominion Bureau of Statistics, Census Reports.
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1900-1930 period (Table 4), while transpert investment, includimg rail-
ways, increased mere than sixfeld. During the 1926-1930, five-year
peried, farm and transpert investment accounted faor over 28 per cent

of tetal gross capital f ormation,l/

Table 4,- Prairie Parm and Pranspert Investment and @Gress ¢apital
Fformation in Canada, by Five-year Perieds, 1901-1930
Prajirie Provinces

:? er chE

Prairie Par cent

:farm iavegt- : transpert
:ment is eof : investmexnt

BT BF BE OW

Gress Prairie : gross is of gress

capital farm :Transpert : capital capital

Paried fozmtj_.ng siavestment tinvestment: igpmation formtien
- mllliens of deilars -~ . .

&% wn wh ws = wm
8 R B BB BR AR

LI 1]

1901~1905 1,284 221 201 17,2 15,7
1906-1910 2,241 319 539 14,2 24,1
1911-1915 3,230 463 8u8 14,3 26,3
1916-1920 4,138 370 661 8,9 16,0
1921-1925 3,702 zhs5 753 . 6.6 20.3
1926-1930 5,898 Lsh 1,225 7.7 20,8

a/ Plgures are for Canada ag a whole,
Sewrce: Buckley, K.A,H,, Prefesger ef Ecenemics, Univoraity of Saskatchewan,
unpublished data,

In 1931 the administration ef reseurces passed frem the Crown in the
right ef Canada, to the Crown in the right of the respective previnces,
and this legal change ceincided with the clese of a peried when prairie
settlement sparked caplital formation in Canada, Thenceferth, the invest-
ment frontier was to be feund in cennectien with the recks of ferests of
the Canadian Shiéld.

Preblemg arising from aridity, and some amelierative measures adepted.-

The main cause of trouble in the semi-arid prairies turned cut te be
variability and paucity eof precipitation, The result was that lands were
settled which were unsuitable to contimed cultivatlon, and there was a
shortage of water for stock, Because of the anmal variability in pre-
~cipitation, the long-term suitability ef a tract of land for agriculture
was frequently appralsed too optimistically, Hence, lands were settled
under Eavorable climatic cenditiensa; then when the dry years came severe
hardships were experienced,

The drought ef 1921-23 forced the abandonment of land in ths eastern
vart of Alberta in parts of Census Divisiens 1, 3 and 5, and resulted in
the creatien of the Special Areas, € which the Tilley East Area: was the

1/ Fer a detailed acceunt of the effect en national inceme which resaulted

from prairie settlement see Buckley, E.A.H,, Capital Fomtien in Canpada,
1896-1930, Terente, University of Terente Press, 1955.
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first.l/

In Sagkatchewan, both the Provincial and Federal Governments handled
relief and reha'bilitation problems brought about by drouzht in the early
1930's, The latter government, through the Prairie Farm Rehabilitation
Administration 2/, removed settlers from large tracts of land and created
commnity pastures; it experimented with and advised on cultural practices,
and concerned itself with water lmshandry.

The Irnxsbanri‘i{:g'otf‘ water is made possible through financial and engineering
asagistance by P.F.R.A., for three gizes of projects,

Individual projects are small in size, consisting usually of "dugouts" 3/,
or small reservoirsg created by little dams. They are located on farm land
not supplied by matural stireams and depend on local runoff for the water
supply. The water may be used for stock watering and, if pleantiful, for
limited irrigation. From the inception of the program in 1935, to Mareh 31,
1957 inclusive, 53,579 individual projects had been completed. The latter
consisted of 43,633 dugouts 6,718 dams and 3,228 small irrigation schemes .l

Commnity projects are built with P,F,R,A, assistance where Water Users'
Aggociations have been created with the intention of storing and using water
on a g/ommmity bagis, Nearly 300 of these projects had been completed by
1953,

The foregoing discussion of water hzsbandry measures pertains to the
whole of the southern part of the Prairie provinces; something less than
the above mumber is to be found in the Sagkatchewan river basin,

Major irrigation projects, occur, in the main, within the boundaries
of the basin, and "the artificial application of water to soil for the
purpose of supplying the molsture essential to plant growth® §/ s 1s the
most important aspesct of water msbandry on the “rairles in terms of volume
of water utilized. Tables 5 and 6 deseribe the comparative importance of
the irrigated acreages in Alberta and Saskatchewan in 1950.7/

1/ Statutes of Alberta, 19527, c.45.

2/ Created by the Prairie Farm Rehabilitation Act, Statutes of Canads 25-26,
Geo, V. c. 23 (1935).

3/ A dugout is a strategically located excavation of capacity usually of
1.5 acre~feet.

4/ Anmaal Reports, P.F.R.A,, 1951-52 to 1956-57 inclusive.

#. cit,
6/ Tsraelsen, O.W., Irrigation Principles and Practices, 2nd Edition, New
York, John Wiley and Sons, Inc., New York, 1950, p. 1.
2/ As of March 31, 1957, the irrigable acreage developed in Alberta and
Sa.ska.tchewan amgunted to 930,000 acres. See Anmal Report on Prairie
Form Rehabilitation and Related Activities, 1956-57, Regina, Sask.,
1957, pp. 91-92,
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Table 5.- Area Irrigated, Area Irrigable, Namber of Farms Reporting
Irrigation by Provinces, Alberta and Saskatchewan,

1950
_:— : ~ — tHumber of fmsm
£ Irrigated ¢ Irrigabls : reperting
- acres =
Alberts bh7,032 564,453 4,04k
Saskatchowan 37,498 §3,113 722
Tetal 484,520 607,566 4,766

Searce: Census of Canada, 1951, Vel, VI, Part 2,

Table 6 shews that while the tetal mumber of acres irrigated is im-
presaive, the mimber of farms utilizing irrigatien iz quite a small per-
centage of the tetal mimber of farms irn Alberta andSaskmtchewan,

Table 6,« Number of Parms and Number of FarmsBReportimg Irrigatien,
Alberta and Saskatchewan, 1950

:  (a) : (b) :

: A1l : Farms reperting : Fsr cent (b) is

: farms : irrizatien H of (&
Alberta 84,315 I, Oldy 4.8
Saskatchewan 112,018 722 : 0.6
Tetal 196,333 L, 766 ) 2.4

Sqirce: Census of Canada, 1951, Vel, VI, Part 2,

Vithin the Saskatchewan river basim, irrigatien had been carriesd aut
feor many years befere the P,F.R.A, became invelved. And teday, with the
exceptien of ene irrigatien preject )}/, the P,F.R.A, lends assistance only
to the extent of building the main capital werks,

Irrigatien develepment began more than 60 ysars ago as the ranchers!
effort te grow winter feed by diverting water froem smll streams te fleed
native meadews,

By the early 1890's the pessibilities of irrizatien had been dememsirated
and im 1894 the Nerth-West Irrigatien Act was passed, Fellewing prelonged
dreught during the 1880's and 1890's, interest ia irrigatien rese and by 1895
some 112 individual prejects had dbeen comstructed te serve more tham 79,000
acres of land.

The comstructien ef large—scaleprejects began in 1901 when water freﬂz
the S5t, Mary River, near the internatienal Beundary, was carried te Lethbridze

1/ The preseat Bew River Irrigatien Project, purchased by Canada from the
Canada Iand and Irrigatien Cempaany, im 1950,
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threugh canals provided by the Alberta Irrigation Company.l/ During the
psried frem 1904 to the eutbreak of Werld War I, the Canadiam Pacific
Railway Company projects at Strathmore and Broocks, and the Canada Land

and Irrigatien Cempany project at Vauxhall wsre established. After World
War I, some comminity projects were constructed by lecal irrigation dis~-
tricts financed by bonds guaranteed by the Alberta Government, Prejects

in this grenp are the Taher, Lethbridge Northern, New West, Magrath,
Raymond, Unitsd, Little Bow and Mountain View irrigatien districts, Dur-
ing the 1930%'s the drought that prevailed heightened interest im irrigatienm,
but depressed business conditions prevented the " Initiatien ef
new works, and some of these that existed suffered fimancially, Fellewing
World War II, cengtructien on the St. Mary-Milk Rivers Project went ferward
under an agreement between Alberta and Canada,2/ Work was carried ocut alse
en the Canada Land and Irrigation Project which was purchased froem the
cwners by the Cansdian Government im 1950; the name of the preject was
then changed to Bow River Irrigation Project.

The development of irrigation, under federal gevernment assistance,
had had for one of its purpeoses the reha.'bllitation and relecstion ef farmers
who had settled on lands hard hit by drought, This was sspecially true in
the case of the Bow River Project.

Summary,~ The paucity and variability of precipitation ever a great
area of the prairies, sspecially througheat the rezion kmown as the brown
sell zone, have been the canse of much hardship, Potential evaperatien, in
part of this reglons, excesds anmal average precipitatien by 25 inches;
hence mich of the regien is fit only for ranching unlegs soll melisture from
precipitatien is supplementsd by irrigzatien, In the feregoing, the ameliorative
neasures discussed were mainly these iavelving water lmsbandry, Others, per-
hapa as impertant as water hnshandry have been omitted because they de net
have a direct bearing em the problem ef interprevincial water allecatien,

The implicatiens of irrigatioa develepment on water allecation are discussed
in the next chapter.

1/ Im 1898 the Alberta Irrigatien Compamy becames the Northwest Irrigation
Company and in 1904, as a result of an amalgamatien with the Alberta
Railway and Ceal Cempany, (frem which the lands were acquired iam the
first place), it becams the Alberta Railway and Irrigatien Company. In
1912 the Canadian Faecific Railway acquired the assets and in 1945 they
passed te the Gevernment ef Alberta, See Repert of the Reyal Commigsien
on the Seuth Sagkatchewan River Project, Ottawa, Queen's Primter, 1952,
P.135.

2/ Parsuant te the regulatiens set eut im P.C, 2298,
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CHAPTER 4, VATER SUPFLY IN RELATION TO PRESENT AND PROSPECTIVE REQUIREMENTS

A, SURFACE SUPPLY

Surface water supply may be found on the earth's surface or held in
sugpension in the soil and in local catchments, but it usually finds its
way through drainage and percolation to the river system, In either
case the ultimate scurce is precipitation, That part of the precipitation
which finds its way to the streams depends on such factors as basin con-
figuration, vegetative cover, soil type, climate and land use, Some water
finds its way to the streams by sub-surface channels; porosity and per-
meability of the underlying strata are the controlling faetors,l/ Sub-
surface supplies to stream flow have an indirect bearing on allocation
problems since the waters interrupted by wells upstream may not be avail-
able for use downstream, But, for the most part, surface water not enter-
ing the river system cannot be an allocative problem and hence require
no consideration here, Attention will be concentrated on stream supply
in what follows,

Supply available in rivers.- The supply available at various points
along the river system depends on uses made of the water upstream, Iate

summer supply will be increased if stored water of the spring flood can
be released, Winter supply will be increased by power storage upstreanm,
releaged during the winter for power production, Summer supply willl be
decreased by irrigation activities upstrean,

The water rights for present diversions for irrigation, and present
storage for both irrigation and power, have been established and are
recognized: the question of additional allocation remains, Therefore,
in what follows, consideration is given to the supply available in the
future, and the requirements to be met, ‘

(a) Supply available in the North Saskatchewan river

The total supply in the North Saskatchewan river varies from year to
year and, since a negligible quantity is diverted, the natural flow may dbe
taken as the supply to be allocated., The recorded flow at the mouth exceeds
six million acre-feet, on the average (1911-12 to 1947-48).2/ However, the
flow has varied over this period from 3.5 million to 9,9 million acre-feet,
Inasmch as a water shortage is most likely to occur in a year of low flow,
the figure of 3.5 million acre~feet is the critical one.

2/ Strata of low permeability but high porosity tend to store water amd to
give it up slowly to the streams, Where the strata are highly permeable,
the transfer will be rapid.

2/ Canada, Department of Agriculture, Summary Report of Recorded and Natural
Monthly Fiows at Certain Points on the Saskatchewan River System, Prairie

Provinces Water Board Report No. 1, Regina, Sask,, 1950, Table 8., As
Most of the flgures for river flows will be taken from the geries of
reports of which the above is the first, reference from here on will be
to P.P.¥,B,, Report No, 1, or 2, etc.
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(b) Supply avsilable in South Saskatchewan River

In March 1949, the Government of Alberta requested that 2,237,000
acre-feet a year be allocated by the Prairie Provinces Water Board from
the South Saskatchewan river basin for use on existing irrigation projects,
The following table depicts both the acreages involved and the water re-
quested for the varicus projects,

Table 7, ~ Irrization Projects, Acreage, and Water Requested in
Alberta's 1949 Request

: Number of : Acre-feet of
: acres : walter requested

Irrigzation project

St. Mary and Milk River Development 165,000 796,000
Western Irrigation District 50,000 85,700
Bagtern Irrigation District 281,000 562,000
Bow River Irrigation Development 240,000 478,534
United Irrigation Development 34,000 51,000
Lethbridge Northern District 96,135 150,000
Mountain View Irrigation District 3,600 6,000
leavitt Irrigation District. 4,400 7,000
Aetna Irrigation District 7.300 13,000
Macleod Irrigation District 5,000 8,000
Private Projects 70,000 80,000

Total 1,256,135 2,237,234

Source: P,P,W,B, Report No., 2, P,1,

The effect of this irrigation commitment will be felt downstream in
terms of reduced flows, The average anmal "natural" flow 1/ at Saskatoon
is estimated for the water years 1911-12 to 1947-4B at 7,610,000 acre-feet,2/
Alberta's request for 2,237,234 acre-feet reduces the "natural®™ flow to
5,185,000 3/, or 32 per cent. However, the low flow years are the critical
ones, and these should be examined in the light of Aldbertals 1949 remest,
The year of lowest "natural® flow at Saskatoon was 1930-31 4/, with a disg-
charge of 4,254,000 acre-feet,5/ Allowing for Alberta's request reduces this
flow to 2,988,000 acre-feet 6/, which is a reduction of 30 per cent,?/

Q "Fatural®flow is the flow that would exist if there were no upstream works,
It is an estimate, See P, P W.B, Report No, 1, for a description of the method used,
PP W, B, Report No, 1, Tadble &4 ,

P,P.W.B. Report No, 2, (Average figure for 1923~24 to 1947-48),

Thig is the least flow year from 1911-12 to 1947-48,

P, PN, B, Report No, 1, Table &4,

P.EB.W.B, Report No, 2,

The apparent anomaly of a smaller percentage being taken during a year of
low flow may be explained by the activity of Calgary Power itd,, on the
headwaters of the Bow storing water for power, and by the water received
by the South Saskatchewan from fibutaries and ground water below the
Alberta-Sagkatchewan boundary,

ltaletl
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The above analysis is on an anmal basls, It is still open to question
how Alberta's 1949 request affects the lowest monthly flow, In February
1936, the lowest "matural" flow was experienced (for the years 1911-12

to 1947-48); it amounted at Saskatoon to an average discharge of 288 second-
feet.y With allowance for Albertals irrigation request, and assuming

river regulation as existing in 1949, the discharge world be for a future
month equivalent to February 1936, not less but more; in fact it would be
2,027 second-feet,2/ These data seem to warrant the conclusion that up-
stream water use on the South Saskatchewan and tributaries at the present
time leaves untouched over two-thirds of the water at Saskatoon and, because
of hydro-electric storage on the Bow River, improves the regimen in winter.

It remmins to examine the effect of Alberta's 1949 request on water
flow at The Pas.3/ The anmal average "natural® flow at The Pas (1911~12
to 1947-48) is estimated to be 17,719,000 acre-feet.y/ This would be re-
dnced to 14,318,000 acre-feet 5/, or 19 per cent, During the year 1940-41,
the lowest "natural® flow was experienced, the discharge amounting to only
9,035,000, This would be reduced, assuming Alberta's 1949 request to ?,555.000
acre-feet, or 16 per cent, Hence. as in the case of the flow at Saskatoon,
because of regulation upstream and other factors, the dimimution in flow,
assuning Alberta'’s 1949 request,is less serious in terms of proportions in
the lowest flow year than it is on the average., The minimum monthly flow is
of greater significance, especislly for power development, than is the
anmal flow, The lowest "natural® flow, for the years 1911-12 to 194748,
occurred in February 1937 with a monthly average rate of discharge of only

1,342 second-feet (compared with an extreme maximm flow in June 1948 of
99,870 second-feet).§/ With Alberta's 1949 request, the flow for a month
like Februsry 1937. would be 2,744 second-feet,?7/ 6n the basis of these
figures it seems falr to say that ag of the present time, four-fifths of
the water of the Saskatchewan river is available for use in Manitoba,
asguming average flow conditions; that there would be 7,555,000 acre-feet
available ina low flow year; and that regimens are improved as a result
of upstream power development, oxtremely low discharges under "natural®
conditione being improved.

Supply available in rivers in relation to requirementg.- The analysis,’

in Section 2 above, showed that at the present time no serious shortage of
water can be said to exist, It remains to consider the supply in relation
to possible future needs, Sinece it is not known what future requirements may
be, certain assumptlions respecting probable needs will be made, The realism
of the assumptions can be, tested only as history unfolds; one mst therefors,
proceed with caution; modifications will have to be made wherever the

Y P P,W.B, Report No, 1, Table 4,

2/ p,PW,B, Report No, 2,

3/ The Pas igchosen as a base point because records of flow for a gonsiderabls
pericd of time are available, and the flow at this point is almost equal to
the discha.rge a.va.ila.ble 0 Ha.nito‘ba and Grand Rapids power site,

4 P.pM.B. Report No. 1, Table 12,

5 P.BW,B, Report No, 2, (Average figure is for the water years 1923-24 to
1o47-48), -
PO W 3, Report Ng. . Table 12,

'&’JQ

PP ¥W.B, Revort o, 2.
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agsumptioms prove to be inadequate, In the case of irrigation requirements,
it will be assumed that certain presently known projects alone might be
developed.l/ For other uses, fairly broad estimates will be used.

Borth Saskatchewan River

Since no irrigation is contemplated with the use of water from this
river, the flow to be allocated remaing as in Section 2 above, However,
a tributary, the Clearwater River, might be diverted to the Red Deer River
basin to provide additional water for developing the Red Deer River Diversion
Project, This would reduce the anmal f low at Edmonton, and subsequently
downstream, tut would leave unaffected the winter flow, since only the
summey flood waters would be appropriated, the winter flow and at least an
equivaé}ant amoant of summer flow wonld drain normally to the North Saskatchewan
river,

Edmonton,- Water consumption, in the City of Edmonton, was about 15.4
million imperial gallons a day, or aboat 80 gallons per person, in 1954,3/
In the same year industry used about nine million imperial gallons per day.i/
Total use in_the Edmonton area was thms about 24,5 million I.G,D. By 1960,
presently existing industries expected to be using 3.1 million I.G.D, more
than in 1954.5/ Assuming that population grows at the rate of ten per cent
per year, which is a rather high rate of growth, and assuming that the city
contimes to use about 80 gallons per capita, per day, urban requirements in
1960 would be 17,2 million I,G.D, more than 1954, On the above basis the
total supply needed by 1960 would be 44,8 million I.,G.D, The anmal re-
quirement at the above rates of use would be as follows: present needs -
32,941 acre~feet:; future needs - 60,235 acre-feet, The average anmial run-
off at Edmonton is 5,611,000 acre-feet &/, and the urban md industrial re-
quirements are thus a smll proportion of total runoff, (0.59 per cent and
1,07 per cent respectively).

However, it is during the periods of low flow that water shortages may
occur, The loweat flow recorded was 220 ¢.f.s, 7/ The present requirements
would use 20,7 per cent of such & low flow, and the estimated needs by 1960
would take 37,8 per cent of this low flow.8f

1 The Red Deer Elver Diversion Project will be taken as of the P.F.R.A,
Report by S.H, Hawkins, April 30, 1547. This report may already be cute
dated (Conversation with Mr, Hawkins, August 1954), and the water require-
mentg for this project may tum out to be greater or smaller than what is
used in this analysis.

2/ Tnis diversion is considered again under the heading South Saskatchewan
River, below,

Dats from City Waterworks Department, Angust 19, 1955,

Questionnaire distributed to mJjor waterwueing industiies, March 1955,
If more large water-using industries located in the Edmonton area by
1960, the additiocnal water needed would increase proportionally,

6/ Report_on Surface Water Supplies and Water Power of Alberta, Their Present
and Ultimate Uges, Edmonton, Alberta, 1948, p.28, .

7/ Water Resources Paper 109, op.cit., p.182, ) .
8/ The low flow is given as a rate in cubic feet per second. Such a low rate might

not last as long as a day,hence the proportion used would be reduced accordingly.
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The foregoing population estimate assumed a population of just over
400,000 by 1960, What if the city grows eventually to over a million
people and industry develops accordingly? It is a fair gueas that the
city would require all of the water in the river, if it fell to 220 c.f. 8,
again, tut would use only two or three per cent of the average anmal flow.l/

Battleford.- The manicipality of Battleford used 15,000 imperial
gallons a day, as of 1954, from the North Saskatchewan river.2/ Granting
that the town grew from ite present 1,500 (approximats) pecple to 15,000,
and asguming that water requirements per capita increass from 10[1.(} D.
to about 80 1,6,D,, the needs wonld be 1,200,000 I,6,D,,0r 1,613.4 acre-feet
a year., The total runoff for the year 1949-50 was 4,541,000 acre~feet; 3/
hence the proportion required by a population of 15,000 nsing 80 1,G.D.,
would be very small (0,03 per cent), However, it is the low flow that is
critical, and the minimam flow recorded was 400 ¢.f.s., on Decenber 28, 1949,
Thepresent withdrawal of 15,000 I.G,D. represents a small part of 400 c.f.s.
flowing for a whole day (0,007 per cent). A possible future need of 1,200,000
I,6,D, would uss 5.6 per cent of the low flow (maintained for 24 hours).
Henca, the guantity of water is sufficient. The guality is another question.

Industrial use of water in the Edmonton area already has given trouble
downstream in terms of imparting an undesirable taste to the water in the
winter time, PRarther industrial development presumably would intensgify
the problem, Simce the pollution appears to be related to low flows, the
quality of water downstream from Edmonton could be improved by storage up-
stream operated to increase the low winter flows.

North Battleford is supplied with water from wells; congumption ia
400,000 1,G,D,,4/ and the population in 1951 was 7,473. If the popula.tion
should increase by 100,000 and water use per capita became abmut 80 I1.6.D.,
it is possible that the river might become the source of a large part of
the additional water needed, Add 8,000,000 I.G,D, to what Battleford
might need in the future (1,200,000) makes a total of about 9,000,000 I.G.D.
How would a demand such as this be met during a period of low flow? If a
flow of 400 c.f.s. were maintained for 24 hours, the above demand would be
4,2 per cent of the water avallable., Hence, the quantity of water appears
to be satisfactory; it is a question of quality only, az explained above,

Y A population approaching one million, based on expansion of industry,
could probably find the funde with which to erect some works to regulate
the river to keep flows from falling as low as 220 c,.f.s.

2/ Correspondence with Mr, J.G, Schaeffer, Director, Division of Sanitation,
Dept.of Public Mealth, Regina, Sask., November 22, 1954, North Battleford
gets its water fromwells and uses 400,000 1.G. D It uses the North
Saglatchewan River as a destination !’or sewage, The town of Battleford uses

the Battle River to dispose of sewage, Hence, it might be sald that the
North Saskatchewan River receives the sewage from both of these municipalites,

3/ This figure is for the gauging station near Frenchman Butte, a few miles

below the Alberta-Saskatchevan boundary. Ses Water Resources Paper 109, op:

eit-.o p.184,
4. Correspondence with Mr, J.G. Shaeffer, gp.cit.



Table 8. Water Withdrawal for Urban Use in Principal Municipalities,
; North Saskatchewan River Basin, 1953

= K3 : :=3Amgunt of :ﬁhount of : Annual :ﬁzfe of in-: Destination
Town :Population * Source of Withdrawal :withdrawal:amount of :stallation : of
: H supply ¢ g.p.d. tAc-ft., peri:withdrawal:of water : sewage
: : $ s day Ac-ft., :system i
Bonnyville 1,600 Moosé Lake 60,0005  .221 33.6 1951  Jessie lake
50 ,000W 184 39.1
Castor 798 Battle River 31,920 e .118 43.1 1953 Castor creek
Devon 1,509 N. Sask. River 180,000  .662 100.7 1950 N. Sask. river
110,000w « 405 86.2
Edmonton 183,417 N, Sask. River 14,500,0008 53.36 8,116.1 Bafore N. Sask. river
13,900,000W 51.15 10,889.8 1940 -
Lac La Biche 1,004, Lac La Biche 36,000 133 48.6 © 1952 Pond
Nordegg 1,014 N. Sask. River 40,560 e 149 Shedy - -
Red Water 1,308 N. Sask. Hiver 42,3438 .16 2443 1949 Redwater river
. 38,820W 14 29,8
St. Albert 625 N, Sask. River . 25,000 e .092 33.6 1953 -
St. Paul 2,000 Lake St. Cyr 452,8008 1.67 . 254.0 1951 Upper Therian
344,000 1.27 270.4 lake
Sedgewick 560 Battle River 22,400 e .082 29.9 - Pond
Stony Flain 875 Surface Supply 24,0008 .088 13.4 1952 Creek
‘ 20,000W 074 15.8
Battleford 1,350 N. Sask.-River 15,000 055 20.1 1913 Battle river
Prince Albel‘t 17 311&9 N. Sask. River 1,300 ,000 6062['. 2.417-8

NOTE: S = Summer (152 days)
W = Winter (213 days)
e = Bstimate at 40 gallons per person per day.

Source:

Mr. H.L. Hogge, Provincial Sanitary Engineer, Edmonton, Alberta, from a questionnaire cir-

culated by Mr. Hogge in 1953; and Mr., J.G. Schaeffer, Director, Division of Sanitation,
Dept. of Public Health, Regina, Saskatchewan, correspondence November 22, 1954.

_gz-
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Prince Albert,- This city was using about 2,000,000 I.G.D, in
1954 1? supplied by the North Sagkatchewan River, and the population in
1951 was 17,149.2/ Minimm recorded discharge at Prince Albert was 395
c.f.8., 3/ or 212,617,440 I,G.D, if flow at 395 c.f.s. were maintained
for 24 hours.l/ At 80 I.G.D, per capita, it would require a pepulation

of 2,657,718 to exhaust the minimam flow, Quantity may be sufficient,

but the quality of the water depends on the upstream uses to which the
river igs put.5/ Data on water use in some of the prineipal mnicipalities
in the North Saskatchewan River basin are given in Table 8.

Summary.- Water supply for the mnicipalities of Edmonton, Battleford,
and Prince Albert is adequate for many years at present rates of growth, as
far as quantity is concerned; below Edmonton tha quality of the water may °
not be good during periode of low flow; however, the quality could be greatly
improved by river regulation upstream, which would increase ths flow in the
gtrean during winter, or by improving the effluent that is discharged into
the river in the Edmonton area,

Sarth Sagiat ivar

From its beginning, at the confluence of the Bow and Oldman rivers
wegt of Medicine Hat, the South Saskatchewan river flows through the
latter city, picks up another tritutary,, the Red Desr river, just east
of the Alberta-Saskatchewan boundary, and flows on, through Saskmtoon,
and Joins the Forth branch east of Prince Albert .4/ For analytical purposes
it is convenient to examine the water supply and water requirements associated
with the three principal tributaries ani then consider the South Saskatchewan
itgelf, These tributaries will be dealt with as follows: the Bow river, the
0ldman river and the Red Deer river.

The Bow river.- Hydrology studies indicate that water requirements
are reaching the stage when the water supply in the Bow river will be in-
sufficient to meet the needs,7?/ However, the only serious shortage, assuming
full irrigation development, would occur once svery 15 years, on the average,
in the Bow River Irrigation Project. Water shortazes will be more severe
if more hydro storage is permitted, if irrigation is expanded beyond what

Y Toi. .

2/ 8ince June 1956 there has been talk of btuilding a pulp and paper mill in
the vicinity of Prince Albert, If this mill uses North Saskatchewan
River water, or it puts ite effluent in the river, a considerable chanze
in demand for water, and & change in the quality downgtream will occur,
not accounted for in the ahove discusgsion,

3/ ¥Water Regources Paper 109, op. ¢it., p.186. .

4 The quantity used, of this flow for 24 hours, would be about 0,94 per
cent,

5 See above remarks on. quality of water at Battleford.

&/ The South Sagkatchewan River begins in Township 11, Range 13, West of
the hth Meridian, at Grand Forks. It joins the North Branch in Township
49, Range 21, VWest of the 2nd Merldian. :

2/ Canada, Depariment of Agriculture, P,F.R.A., Mater Supply and Utilisation
in the Bow River Watershed, Hyirology Report No. 9, Regina, Saskatchewan,
September 1955, 1,20,
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is presently authorized, and if the river is not carefully controlled.lf

It will be observed that water shortages on the Bow River system are
a local, not an interprovincial problem, Even with full development of
existing irrigation projects, downstream shortages cannot occur at present
and winter flows are improved because of upstream uges.2/

S0 far as domestic, municipal_' and indzstrial requirements are concerned,
the load on the Bow River is small,3/ Calgary, the only urban center of any
size,zetys its water supply from the Elbow River, a tritutary cf the Bow
River,

There is no pollution problem of any great concern,

The Oldman River.- In contrast to the Bow River system where some
600,000 acre~feet of water are stored for power_purposes,l_&/ no Aydro storage
exists on the Oldman River system, and the principal use of the water, in
terms of guantity, is for irrigation. (Table 9).

Table 9.~ Existing lrrigation Districts Depending on ¥ater in the Oldman
River System, Ysar Started, and Irrigable Acreages, 1952

— —— - —3
: Year :__Irrigable acresge
ProJject : gtarted : Present : Ultimate
United Irrigation District 1921 21,000 34,000
Mountain View Irrigation Distriet 1525 3,600 3,600
leavitt Irrigation District 1943 2,500 "4, 400
Aetna Irrigation District 1945 50 7,300
Macleod Irrigation District 1948 500 10,000
5%, Mary-Milk River Project 1501 150,000 510,000
lethbridge Northern Irrigation Distriet 1922 = 75,000 96,000

Source: Canada, Department of Agriculture, P.F.R.A., Full Development
Poggibilitiop in the Saskatchewap River Bagip, Hydrology
Report No, 1, Regina, Sasgk, 1952,

The St. Mary, Waterton and Belly rivers, which are tributaries of the
Oldman river, arise in the United States, ¢ . October 4, 1921, the International

Y Ivid. See especially Figure 1, for a chart showing Hydroplants of Calgary
Power Limited, existing and proposed, and the irrigation digtricte depend-
ent on Bow River water,
2/ Water Supply and Utilization in the Bow River Watershed, op.cit., Canada,
Dept. of Agric., P.F,R.A., Full Development Pogsibilities in the Saskatchewan
River System, Hydrology Report No. 1, Regina, Sask., June 1952; Russell, 3.,
Report on Surface Water Supplies and Water Power of Alberta, their Present
and Ultimate Uses, Edmonton, Government of Alberta, Dec. 1948, pp.23-25 and 3742,
3/ Table 10, shows urban withdrawal for principl centers in the South Saskatchewan
River Basin,

4 M)l Development Posgibilities ..., op.cit.
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Joint Commission 1fagreed on the apportionment of the St. Mary and Milk
rivers, allotting to Canada half the water.2/ The water remining in the
St. Mary river is insufficient to irrigate all the land visualized in the
St, Mary-Milk River Development, and assumed in Alberta's 1949 request, and
it will have to be supplemented by water of the Belly and Waterton rivers.3/

As with the Bow River, the Oldman river and its uses are a local,
not an interprovineial, problem (although it has been of international concern);
the amount of water necessary for full development of the St, Mary-Milk River
Project has been allocated: 1t is a question  interprovincial interest to
allocate only what remains, Before considering further the remainder of the
water, brief attention will be given to the domestic, mnicipal andi industrial
requirements to be served by the Oldman river,

The minicipalities of Mcleod and Lethbridge are the principal commnities
depvending on the Oldman river for urban purposes, These cities used aboul
five million I,G.D, in 1953 _/ The lowest recorded flow in the (Oldman river,
at a point between Macleod and Iethbridge, ocenrred on October 10, 1950 and
it amounted to 51 c.f.s.5 Such a flow, if maintained for 24 hours would
be 27,451,872 1,G,D., and the urban requirements of Lethbridge and MacLeod
would be about 18 2 per cent of such a flow, That is, water needs would
have to increage five times 'be:t'ore a2ll the water, at minimum flow, would
be utilized for urban purposes. With the construction of facilities for
further storage upatream on the Belly and Waterton rivers, flows quite
possibly could be held above 51 c.f,.s.

The Red Deer River.- Present use of the Red Deer river is for urban
parposes at Red Deer and Tmnisfail,4/ Both town require such a small

1/ Treaty between the United States and Great Britain relating to Boundary
Waters, and questions ariging between the United States and Canada,
signed at Washington, Jamary 11, 1909,

2/ The text of the Order is as follows:
*1, (a) During the irrigation season when the natural flow of the St. Mary
River at the point where it crosses the international boundary is six
lundred and sixty-six (666) cubic feet per second or less Canada shall be
entitled to three-fourths and the United States to cne-foarth of such flow,

(b) During the irrigation season when the natural flow of the St, Mary
River at the polint where it crosses the international boundary is more than
six ndred and sixty-six (666) cubic feet per second Canada shall be en-—
titled to a prior appropriation of five mundred (500) cubic feet per second,
and the excess over six hundred and sixty-six (666) cubic feet per zecond
shall be divided aqually between the two countries,
(¢) During the non~frrigation season the natural flow of the St. Mary

River at the point where it cross the international boundary shall be
divided equally between the two countries%, The agrement called for reciprocal
treatment of the water of the Milk River, with the United States getting the
larger proportion at certain seasons., Since both rivers are treated, for
purposes of apportionment, as one river, it means that Canada is entitled
to roughly one half of the flow of both rivers, the United States, the other half,

3/ Canada, Department of Agriculture, Prairie Provinces Water Board Report No, 2.
Regina, Saskatchewan, 1950, p.3.

4/ See Table 10,

5/ water Resources Paper 109, op., ¢it., p. 205,
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proportion of the flow even under the minimum flow conditions (64 c.fe8.)lf
that a water shortage could not occur except under greatly expandsd urban
and industrial development.

However, if the proposed Red Deer River Diversion Project 2/ were
developed in the future there would be insufficient water in the Red Deer
river to develop it completely. {(This would leave undiminshed the water
supply at Red Deer), To fully develop this project requires a diversion
from the Clearwater, a tributary of the North Saslatchewan river.,3/ This is
8 local problem that does not affect imterprovineial allocation uniess the
water supply is diminished downstream.

South Sagkantchewan River proper.~ This river provides water for urban
purposes to Medicine Hat, Saskatoon, Regina and Moose Jaw, as well as
several smaller centersel/ At Saskatoon, the urban water requirements were
6,000,000 1,G,D, in 1953.5/ The lowest recorded flow at that city occurred
on December 12, 1936, and was 502 c.f.s.,8/ or 270,212,544 1.G.D, if flow
at that rate lasted for 24 hours, Beginals water requirements were about
5,500,000 on the averasge, in 1952,7/and were provided by wells, However,

the latter source is fully developed, md further water supplies will be
coming from the South Saglatchewan River,.8/ Moose Jaw gets most of its
water f rom Sandy Creek at Caron, some 20 miles west of the city.9/ The
city depends on future supplies from the Socuth Sagkatchewan river, Since
both Regina and Moose Jaw require supplementary water only from the South
Sagkatchewan river it may be safe to assume that for the immediate future
requirements will not exceed 10,000,000 1,G,D, on the average. Therefore,
Saglatoon, Regina and Moose Jaw together may require 20,000,000 I,.G.D,
This 41s about 7.4 per cent of the lowest flow at Saskatoon.l0/ Tms, the

1/ Occurred on December 7, 1922, It amounts to 34,449,408 I.G,D, if this low
flow lasted for 24 hours, Present consumption of 600,000 I.G.D. is abaut
two per cent of the low flow.

2P Hawkins, S.H., General Report Propoged Red Deer River Diversion Projeat,
P,®R.A,, Calzary, Alberta, 1947,

3/ Canada Department of Agriculture, Preliminary Report on Effects of Certain
MaJjor Projects in the Saskatchewan Riyer Drainage Bagin, Prairie Provinces
Vater Board, Report No. 3, Regina, Saskatchewan, 1951, bp.3-4. .

4/ See Table 10, Regina and Moose Jaw are not included in the table as they

lie ocutside the basin, However, they will be using water, from the S,

Sagk, River, pumped into the Qu'Appelle Valley at a point near Elbow,

Sagk,, and carried to Buffalo Pound Iake for storage, purification and

piping to the two cities,

See Table 10,

Water Regourceg Paper 109, op. g¢it., p.201.

Record of Proceedings at Public Seggiéns of the Commisgion the Province

of Saglatchowan, September 10 and 11, 1952, Royal Commission on the South
Saskatchewan River Development, p.l115, )

Ivid., p.116.
Reports of Surveys of Moose Jaw's Water Supply, Consolidated, 1951. In
addition to Sandy Creek there are two or three other sources of minor

| ortance,
1_(_)/ resumably, the low flow at Elbow will approximate the low flow at Sasiatchewaun,

kalnbn

bole
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domestic, mnicipal and industrial demand for water for these three
cities could increase about 15 times before all the water at such a
low flow woald be used.l/ (Ses Table 10, for details as to consumptive
uge of water for urban purposes, Scuth Saskatchewan River Basin).

Iittle water is taken from the Scuth Sasgkatchewan river for irrigation,
and no hydro-electric power is developed, Swift Current Creek provides
water for the Swift Current Irrigation District, which has 21,000 irrigable
acres.2/ Some water is taken directly from the Scuth Saskatchewan river
for irrigation just south of Saskatoon at French Flats-Valley Park, some
6,500 acres being irrigable.3/ Future irrigation develcpment involves the
Scuth Saskatchewan River Project.4/ The effect that providing this project
with water will have on water supplies downstream has been examined elsewhere.5/

At Saskatoon,  assuming that water for Alberta's 1949 request and
for the South Saskatchewan River Project is provided for, the average
(1923-2% to 1947-48) &/ flow will be 4,192,000 acre-feet, and regimen would
be greatly improved because of existing hydro-electric power developments,
the minimm monthly flow being 2,248 c.f.s., as compared with 288 c.f.s.
under the "natural® flow conditions, '

At The Pas, the average anmal flow for years such as_1923-24 to 1947-48
would be 13,302,000 as compared with 17,719,000 acre-feet under "natural®
conditions,7/ Regimens would be improved from 1,342 c.f.s. (minimim) under
"natural” conditions to 4,824 (minimam),.8/

Agguming the above water demands plus the Red Deer River Project and
some smaller developments in Alberta, the effects would be for water years

1/ It should be pointed ocut that the situation with respect to providing
Regina and Moose Jaw with water from the Saskatchewan Systems differs
from that of providing water for cities in the basin, Water for urban
purposes is almost all returned to the stream in most cases, tut Regina
and Moose Jaw dicharge sewage into the Red River Basin via Moose Jaw
Creek and Wascana Creek, tributaries of the Qu'Appelle River, and hence
water taken from the South Saskatchewan River for these cities is lost_
to the basin, However, the quantity taken relative to the total flow,
will be so small in the foreseeable future, that it may be disregarded.
Canada, Department of Agriculture, Full Development Pogeibilities ...
Shaglt., P.11. -

Yoo, cit.

Canada, Report of the Royal Commigsgion on the South Sagkmtchewan River
ProJect, Queen's Printer, Ottawa 1952, See also various Dept, of Agriculturs,
P.F.R.,A,, reports for details.

Canada, Dept, of Agriculture, P.F.R.A., Preliminary Report on Effects of
Certain Major Projects in the Saskatchewan River Bagin, Prairie Provinces
Vater Board Report No, 3, Regina, Sask,, 1951,

p,P,W,B, Report No, 3, op. cit,, Table 29, This comparea with an average
"natural® flow of 7,610,000 acre-feet. )

7/ P.P.W.B, Reports Nos, 1 and 3, Tables 12 and 35 respectively.

Loc, cit.
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Table 10.- Water Withdrawal for Urban Use in Principal Municipalities
' South Saskatchewan River Basin, 1953

(1) ; (2 . (3) s (&) . (5) : (6 . (1) (8)
s s sAmount of ; Amount of .Annual am-,Date of iny Destination of
Town sPopulation, Source of swithdrawal , withdrawal ,ount of ,stallation,
2 : supply s g.p.d. ;Ac-ft.per day;withdrawal, of water sewage
- - - - - Ac-gtlc - _‘WOI‘kS AL
Banff 10,0008 Forty Mile Creek 40,0008 o472 302,2 Before -
2, 500W 10,0000 .368 1940
Bassano 575 Bow River 23,000 e .085 31.0 Before Pond
. 1940 -
Bow Island 750 3. Sask. River 3,000 e .011 4.0 1948 Through Coulee to
' ‘ _ _ _ S. Sask,. river
Brooks 2,000 Bow River 80,000 e 291, 107.3 Before One Tree creek
1940
Calgary 145,000 Elbow River 24,4,32,0008 89.910 31,276.8 Before Bow river
Sl 22,466,000 82,675 1940
Canmore 600 Mtn. Reservoir 2,400 e ..009 3.3 Before ——
- 19,0
Champian 380 Spring Runoff 7 ,500W .028 10.2 1952 -—
Claresholm 2,525 Willow Creek 80, 000W « 294 107.3 - Disposal field
Cochrane 524 Bow Hiver 20,0003 LO74 11.3 1951 Bighill creek
: 15,000W 055 11.7
Ft. Macleod 2,567 Oldman River 1,400,000 4. T84 727.6  Before Oldman river
1,000,000W 3,680 783.5 1940
Frank 300  Mtn, Stream 12,000 e .OL4 16.1 Before -
1940
Granum 400  Willow Creek 30,0008 .110 16.7 1949 Pond
15,000W 055 11.7
Hanna 2,500 Storage Dam 110,0005 405 61.6 1941 Bull Pond creek
85,000W <313 66.6
Hillerest 300 Mtn. Stream 12,000 e 04, ) 16.1 Before
1940
Innisfail 1,509 Red Deer Hiver 45,000 . 166 60.6 Lake

1947




Table 10,- Water Withdrawal for Urban Use in Principal Municipalities,
South Saskatchewan River Basin, 1953 (continued)

(1) (2) : (3) s (4) ¢ 5) = (6) : (D i (8)
: H ¢ Amount of ¢ Amount of ¢ Annual am- Date of in- Pestination of
Town : Population: Source of ! withdrawal ! withdrawal :ount of ¢ stallation °
H : + supply ¢ g.p.d. ¢ Ac-ft.per day withdrawal of water : sewage
: : : : :  Ac-ft, ¢ works __ *
Lethbridge 25,000 Oldman River 4,136,5008 15.222 2,315.3 Before Oldman river
2,267 ,000W 8.343 1,776.2 1940
Redcliff 1,700 8. Sask. River 500,0005 1.840 279.9 Before Lagoon
' 126,000 464 98.8 1940
Red Deer 10,000 Red Deer Hiver 600,000 2.208 805.9 Before Red Deer Hiver
® 1940 |
Taber - 3,461 Belly River 239,036 .880 321.2 1948 —_—
Tilley 253 (Creek 1,5008 .006 1.8 1952 -—
' 1,000W 004
Turner Valley 800 Sheep River 640,0008 2.355 859.9 Before -—-
‘ . . 1940
Waterton Park 5,0003 Cameron Creek 250,0003 .920 139.9 Before ¥Waterton lake
ih2W 7,000 .026 5.5 1940
Medicine Hat 16,364 S. Sask. River 65&,?%0 214,088 8,792.1 Before ——
’ , : ° 1940
Outlock : 5, Sask. River 24,000 .088 32.1 1910
Saskatoon 53,268 S. Sask. River 6,000,000 22.08 8,059.2 1906 S. Sask. River
Sutherland From City of (500,000) . 1612
Saskatoon
Swift Current 7,458 Swift Current 500,000 1.840 671.6 1911 Swift Current creek

Creek

NOTE: S = Summer (152 days)
W = Winter (213 days) _
e = Estimate at 4O gallons per person per day.

Source: Mr. H.L. Hogge, Provincial Sanitary Engineer, Edmonton, Alberta, from a questionnaire circulated
by Mr. Hogge in 1953; and Mr. J.G. Schaeffer, Director, Division of Sanitation, Dept. of Public -
Health, Regina, Sask., correspondence, November 22, 1954.
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such as 1923-24 to 1947-48 as follows:

At Saskatoon average anmal flow would be 4,055,000 acre-feet
(7,610,000 ®*natural®), at The Pas, average anmal flow would be 12,632,500
acre-feet (17,719,000 "natural®).l/ The following chart depicts the river
flow under average conditions, and demonstratss that after the above mentioned
irrigation allowances have been made, almost four-fifths of the runoff arrives
at the mouth of ths river,

For the seven years of lowest flow, assuming full irrigation development,
discharge at The Fas would be around 9,727,000 acre-~feet,2/ or 55 per cent
of the "natural"discharge, This is a large reduction in flow tut there
wonld be some improvement in the regimen, similar {o that which has been
experienced as a result of the construction of hydro storage in the head-
waters of the basin, This improvement in the regimen would %benefit down-
stream hydro plants with 1ittle natural storage. However, those hydro sites
with very large natural storages, sich as those on the Nelson river, will
be adversely affected by the dimimution in the total flows.3/

B, SUB«SURFACE WATER SUPPLY AND REQUIREMENTS

Surface and sub-surface waters are Iinlesrelated to some extent, Ground
waters are re-charged from surface supply and are therefore, the indirect
concern of interprovincial allocation. Intensive pumping in the upper basin
may use water that otherwise might find its way to the streams.

Ground water supply.- Very little ias known about ground water supplies,
There was a study made in 1936 of ground water in Saskatchewan as far north
as Townghip 32 (just south of Sagkmtoon), using farm wells as bagic data.l/
The Alberta Research Council is engaged in an intensive study of ground water
in Alberta.5/ It is known that most of the urban municipalities in the

1/ TIbid,, Tables 4 and 12, and Tables 30 and 36.

2/ P.P.¥.B, Report No. 3, p.7.

3/ The Beport on Msasures for the Control of the Waters of lakes Winnipez
and Manitoba, June 1958, by the Ilakes Winnipegz and Manitoba Board,
Presents the resultis of a study on the benefits_ of regulation of lake
Winnipeg for Nelson River Power with the inflows from the Saskatchewan
Biver modified by various upstream developments., The lakes Winnipeg and
Manitoba Board was set up by an Agreement between the Governments of
Canada. and Manitoba, signed July 5, 1956, According to the temns of
reference, the Board shall plan, supervise and carry out a survey of
lakes Winnipeg and Manitoba and the rescurces of waters within Manitdba
flowing into and from those lakes and shall determine and report what
further developments and controls of these water resources, in its
Judgment, would appear to be physically practicable with particular
reference to {a) flood control, and (b) hyiro-electric powsr.

L4 Personal interview with Dr, R,T,D. Wickenden, Georgraphical Branch, Dept,

~ of Mines and Technical Surveys, Calgary, Albsrta, 2ugust 6, 1954,

5 Persomal interview with Dr, N,E. Grace, Director, Research Council,
of Alberta and Dr, C,P, Gravenor, Acting Chief Geoclogist, Research Council,
June 8, 1956, See Research Council of Alberta, Round-table Conference

on Grojnd-water in Alberta, Preliminary Report 56-1, September 27, 1955, p.8k,



Saskatchewan river basin depend on groand water for domestic, manicipal
and industrial purposes. The growth of many communities will be limited
unless further ground water supplles can be found, or unless an alternative
surface supply can de used,y Fortunately, the prospect of finding further
supplies of ground water, at least in Alberta, is believed to be fairly
good,2/ However, until more basle data become available, very little can
be said about this important mabject.

C. SUMMARY AND GONCLUSICNS

From the point of view of present economic development, and asg far
as interprovincial allocation goes, no water shortage is apparent. Further,
oven with full development of presently proposed irrigation projects, no
serious water deficliency is obvious., The water supply at The Pas, under
"M1l development™ would be four-fifths of what it would be under "ndrmal®
conditions, assuming average flows, and it would be over half the "natural
discharge,assuning conditionsg similar to those in the seven lowest flow
years, In addition, regimens have heen greatly improved and would be further
improved, assuming "full development®™, providing a more reliable supply of
water for urban and power purposes. According to the data used in this
analysis, 3/ it is difficult to see where there is & water shortage that
will force choosing among various projects to eliminate all but the most
deairable. There appears to be ample water for all the uses that may be
desired in the foregesable future,

These preliminary conclusions are valid for the Saskmtchewan river
bagin only: when the effects of "full development" are considered in
relation to hydro-electric development in Manitoba, one further and very
important relationshlp becomes relevant, Consumptive uses of water, like
irrigation, will have a detrimental effect on the water power potential
of the Manitoba lake system and the Nelson river., How gerious the effect
may be cannot be assessed without good engineering data and some fairly
clenr notion of the tempo of possible development.

Ground water supplies may be larger than was once thought, Yet at
the present time these supplies place a limit on the growth of many
commnities, In Alberta, work is going forward to gather more dasic
data on ground water supplies,

CHAPTER 5, METHODOLOGY PCR ECONOMIC ANALYSIS OF
RIVER BASTN WATER DEVELOPMENT

Water problems arise becaunse of deficiencies or surpluses of water.
In either case, water is the limiting factor in the more intensive use

g Bﬂgg-::'ble Conference, op.cit.

3] éome data are from preliminary reports; when further work has been done
in estimating stream flow under various conditions, some modifications
of the above conclusions may be necessary,
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of other rescurces, To modify this limitation, capital works are required;
therefore, the relevant analysis mist rely heavily on capital theory. For
projects whose scope doss not appreciably affect the national sconomy,
marginal analysis is appropriate, the initiation and scope of the project
being determined by the excess of benefits over costs at the margin, TFor
large-gcale projecty, whose lmplementation wlll effect a more intensive
development of an entire region, as is the case with many river basin
projects, 2 structural, not a marginal change is involved, and the appropriate
tools are input-cutput analysis and linear programing. In what follows no
attempt will be made to provide the final work on methodolozy. Instead,
reliance will be placed on summarizing and then commenting on the procedures
roecommended in the United States and the current United States practices
uged in evaluating water development projects,

4, PROCEDURES RECOMMENDED IN THE UNITED STATES AND CURRENT FRACTICES
FOR EVAIUATING RIVER BASIN PROJECTS IN THE UNITED STATES

Scope.- The discussion below concerns only two documents, the report
to the Federal Inter-Agency Committee, by the Subcommittee on Benefits and
Costs, 1/ and Circular No, A-47, of the Buream of Budget.2/ Since no final
definitive approach to evaluation has been written, it does not seem relevant
to include here a discussion of all the literature, mich of it controversial,3/
that has become available during the past few years. The procedures recommended
in the ahove~-mentioned documents give, in the case of the former, what is con-
gidered to be the best thinking on the subject by those clogest to thig field;
and in the case of the latter, what is recommended by the PFederal Government.
The procedures in use will be considered in the section below, "Current Practices".

Subcommittee on bhenefits and costs

(a) Viewpoint.~ Inasmich as evaluation is concerned with public expenditures,
& narrow, financial justification approach is spurned in favor of a

1/ United States, Proposed Practices for Economic Analysis of River Basin
Projects, Report to the Federal Inter-Agency River Basin Committes, by
the Subcommittee on Benefits and Costs, Washington, D.C., U,S. Government
PrintingQffice, May 1950 (hereafter referred to as "Subcommittee®),
2/ United States, Oircular No, A-47, Executive office of the President,
Bareau of the Budget, Washington 25, D,C., December 31, 1952,
3/ See the following smirces on water and water development, Picton, Walter,
Uge in the United States, 1900-1975, United States Department
of Commerce, Susinegs and Defense Services Administration (BSB=136),
Jamary 1956 Golton, Patricia L,, Economigs of Water Resources Development,

in the Fleven Wostern States, an Inventory of Research, Giannini Foundation
of Agricultural Economics, University of California, Berkeley, California,

(for the Weatern Agricultural Economics Regearch Council), December 1951.

There 1s a Sup;glemgng » June 1954, to this study, and another Supplement

1s expected. For an earlier period, and dealing more with land than
specifically with water, see United States Department of Agriculture,
Binlioeraphy on land Utilization, 1918-1936 (annotated), by Berceau, Louise

0,, and Annie H, Hannay, under the direction of lacy, Mary G., Miscellanecus
Publication No, 284, Washington, D.C., Jamary 1938, Also, Land Utilization

A Bibliozraphy, compiled by Culver, Dorothy C., Bureau of Fublic Administratiom,
University of California, Berkeley, May 15, 1935.
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"comprehensive public viewpoint ... which would include consideration of all
effects, beneficial or adverse, short.range or long.range, that can be expec.
ted to be felt by all persons and groups in the entire zone of influence of
the project.” ;/ In addition to market values, which would be congidered if
"allowance could be made in the summation for all transferences, cancelletions,
and offsetas," 2/ the Sudbcommittee recommends that intangible effects receive
conslderation.

"The ultimate aim of river basin development, in common with all preduc-
tive activity, is to satisfy human needs and desires."‘g/ The value of the
meang with which these needs and desires are satisfied indicates the value of
the development. However, this is not the whole story from the public viewpoint
because "various influences guch ag subsidies, tariffs, price supports, and
imperfect markets ..." 4/ "Deapite limitations of the market price system in
reflecting values from a public viewpoint, it is c¢oncluded that there is no
other suitable framework for evaluating the effects of public worka projects
in common terms. Accordingly, a market price system has been selected as the
starting point for formlation o [the/ ... evaluation." 5/

(h) Principles for evaluation of costs.~ When factors of production are
used for any glven purpose their use 1s precluded from other purposes, The
economic cost of ueing them, therefore, is the value of foregone services and
goode. If the factors are unemployed, the economic cost of using them is nil.
The Subcommittee assumes that there would be other uses for the factors, and,
therefore, the market pricez of the factors give an indication of the benefits
foregone. "Market prices may, therefore, be used to evaluate cogts of using
goods and services for project purposes in the usual case." é/

{(e¢) Primary and secondazx,benefits.- Primary benefits are the value of
the immediate products or services resulting from the project, such ag the
value of wheat produced by a farmer engaged in irrigation made possible by the
project. 7/ (These benefits must be net of farmers' costs, except water char.
ges), to get the value attributable to the project.

Secondary benefits "are the values added over and above the value of the
immediate products or services of the project as a result of activities stem.
ming from or induced by the project. " jy There are two kinds: first, where
economic activity is inereased over what it would have been without the project,
and, second, where goods and services are provided to the consumer at a price
that is lesa than it would have been in the absence of the projeet (due to the

1

Subcommittee, op.cit., p. 6
Loc.cit.

Loc,cit.

Jbid., p. 7.

Subcommittee, op.cit., p. 7
Subgommittee, op.cit., p. 9. °
Ibid., p.8

Ibid., p.10

Ibid., p. 9

et el
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otherwise increased costs of supplying additional quantities under free mar.
ket conditions.)

The Subcommittee recognized that the evaluation of such secondary bene. .
fits is complicated and difficult, and recommended that, since they are like
ly to be of minor importance relative to the primary benefits, main reliance
be placed on the evaluation of these benefits. L/

(d) Economic limitations on scale of project development. The size of
development that will be the most economic is sueh that the total benefits
exceed total costs by a maximum amount. At this peint the cost of adding the
lagt increment to soale of development ia Just equal to the added benefits
given by that increment, 2/ ) :

(e) Anpalysis of justification, A project is economically justified when
four eriteria have been met, encfits must exceed costs; each separate seg.
ment of the project must have benefits at least equal to costs; the scale is
such as to provide the maximum excess of benefits over costs; and there must
be no more economic method of accomplishing the same results. 3/ Analysis
would need go no further if it were not for the intangibles; but since the
‘latter might be important either as benefits or costs, they must be considered
and included as part of the economic amalysis, )

(f) Comparison of justified projects. The excess of benefits over costs
could be compared, but this would give no indication of the magnitude of the
benefits or costs. The rate of return on investment could be compared for
various projects, but gince thiz method abstracts from operation and mainte.
nance costs it would give a distorted figure in many instances where there are
gignificant differences in these costs. Finally, in the words of the Suba
committee, .

The procedures recommended herein are based on the assumption that,
in general, the economic resources involved in the project development
over and above those accounted for in project benefits and project costs
would be used with eqpal-efrectiéeness with or without the project.
Therefore, a ratio of project beneflits to project coats constlitutes the
proper measure of the efféctiveness of use of the Nation's resources
insofar as the use of such resources for project purposes is concerned.
In the usual case, the relative desirability of a number of projects can
be satisfactorily determined by comparing their ratio of project bene-

. fits to project costs.

(g) Measurement of benefits and costs. To standardize evaluation pro.
cedure it iz necessary to utilize the same price level, interest rate, risk
allowances, and the time beriod of analysis. In addition the treatmemt of

—

Subcommittee, op.cit., p. 11
Ibid., p. 13., ‘
Ibid., p. 37.

Subcommittee, op.cit., p.li.

Ibido, po 205
Ibid., p. 24

SALLINN
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tangibles and intangibles, adjustments for levels ¢of economic activity, ete.,
must be comparable.

{1} Price Levels

In order to satisfy the wvarioua purposes to be served by benefit.
cost analysis the uge of prices reasonably expected to prevail at the
time of benefit and cost accrual is recommended. For installation
costg, prices expected during the construction period should be used.
This may or may not mean the use of current prices prevailing at the
time of the investigation, depending upon how soon construction will
begin and the extent of price changes anticipated in the interval, In
calculating most types of benefite and in ealculating costs for opera.
tion, maintenance, and minor replacements, the prices used should be
the average prices estimated to prevail over the life of the project. ;/

{(2) Interest and discount rates

It is recommended that estimates of benefita and costs accruing at
varying times be made comparable by ad justment to a uniform time basis
through the use of interest rates. The interest rate for Federal, non-
Federal public, and private investment should in general be the long-
term borrowing rate applicable.

{3) Time period of analygis

It is recommended that the maximum period of analysis be the expected
economic life of the project or 100 years, whichever is shorter. Even
for projects involving basic structures of extended life, and, those
having continuing replacement pogsibilities, it is recommended that a
100_year period of analysis be used as the upper limit on economic 1life,
with allowance for salvage at the end based on nonproject uses.. The
amortization charge should be sufficient to cover the capital investment
during the period of apalysis, celculated on a sinking fund basgis using
the investment cogt interest rates. Lxcept in special cases, the basis
for estimating benefits and costs should be under the assumption of
maintaining the project at full operating capacity., 3/

(4) Intangibles

Tangible effects are defined as thoge measurable In monetary terms;
intangibies are those that cannot be go measured by any satisfactory de-
vice. The measurement of some intangibles such as loss of life in floods
could be evaluated in terms of compensation rates paid. This method
would not necessarily place an adequate evaluation on human life but
it would produce comparable results, 1f adopted by all agencies, and

el

Ibid., p.20
Ibid., p. 24
Subcommittee, op.cit., p. 26.
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would serve to help compare the relative merits of various proposed pro-
jects. Where no possible monetary value can be attached, even through
estimation by means of anology, intangibles should be considered on a
qualitative bvasis., 1/

{5) Adjustments for the level of economic activity

Since labor is, in general, the only factor that is lost if not used
currently im production, it is the only factor for which adjustments are
to be made. The amount by which labor costs should be reduced can be es.
timated from the expected reduction in relief payments that would be neces-
sary in the absence of the project.

In times of relatively low economic activity, a project may result in
employment of labor in nonproject activities that would otherwise be un.
employed and may result in use of otherwise idle plant capacity. The pro-
Jeet cah be credited only with the difference between such secondary ef-
fects resulting from the project and similar effects of any comparable
increase in economic activity which might be undertaken in the absence of
the project., The net effect creditable to the project would be difficult
to measure and should usually be regarded as intangible. g/

(h) Cost allocation for multiple.purpose projects. Cost allocation is the
process of attributing eosts of the project to the various purposes served. This
is not the same thing as determining repayment schedules, although it may be
used as a bagls for the latter. The method of paying for the project has no
necessary relationship to the cost allocation among functions. It may be that
all charges attributable to flood control, mavigation, ete., might be defrayed
out of general taxation, while other charges, for irrigation, power, etec., would
be placed on the beneficiaries. 7This is a problem for policy.

The recommended method is the "separable costs.remaining benefits®™ method
of allocation, It consists of determining the separable cost of including each
of the funetiona 1n the project and establishlng an equitable distribution of
cammon or joint costs.

(1) Separable costs

The separable cost for each project purpose is the difference between
the cost of the multiple-purpose project and the cost of the project with
the purpose omitted. Separable costs include more than the direct or spe-

Ibid,., pp. 26-28

Subecommittee, op.cit., p. 28. The text considers also such things as
Costs of Affected Public Facilities, Acquisition of Land and Improvements,
Treatment of Taxes, Displaced Facilities, Extension of Useful Life, and
Consequential Damage, These items are technical in character, and, since
their bearing on evaluation is more in the nature of additional detail
than fundemental, it will serve no useful ‘purpose to examine them in the
present discussion. (See Ibid., pp. 29-33.)

IS
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cific costs of physically identifiable facilites serving only one purpose,
They_a_.lso include all added c oats of increased size of structures and
changes in design for a particular purpose over that required for all othe_r

purposes ..,

(2) Digtribution of joint t

Joint costs are .., the difference between the coat of the miltiple-
Turpose project as a whole and the total of the separable costs for all
project purposes... The distribution of Jjoint costs in proportion to the
excess of benefits over separable cost assizns to each purpose an equitable
ghare of project savings., The amount of project benefits used as a basis
for allocation of coasts to any purpose should not exceed the cost of pro-
viding equivalent services for the same area from the most likely economically
feasible alternative source available in the area to be served., PFrom such
benefits for each purpose, separable costs are deducted to give remaining
benefits. Then, joint costs are diastrituted in proportion to the remaining
benefits for each purpose.2/

(3) Zotal allocation

The msum of the separable costs and agsigned Joint cost for each pur~
pose constitutes the total allocation to that purpose ... The total cost
allocated to each purpose should not be less than the cost of including
that purpose ... and should not be more than the benefits of that purpose
or the cost of the most economical single-purpose altexnmative.3/

(1) The foregoing has set out in summary form the sallent features of
the methodolagy proposed by the Subcommittee, The method is gemeral~i,e., .it
is tobe applied to all river basin evaluation problems. It is designed to
give comparable results from which the most economic projects may be selected
for development,

3. Budget Circular No, A-47 4/

(a) Purpoge.

The purpose of the Circular is "to draw togethsr certain ... policies
for water rescurces programs and projects and to provide the agencies in
advance with a better understanding of the consideration which will be used
in ...5/ evaluating reports submitted, in order that uniformity may be cbtained

.:.lj Ibid,, p,54%,

2/ Subcommittee, op. cit., pp.54=55.

3/ Ivid., p.55. The total cost allocated to each purpose could be less than
the cost of including that purpose in the project if the total of the
separable costs for all purposes exceeded the total cost of the multiple-
purposge project, for in this case there would be no joint costs to allocate
but a joint saving, This saving would then be distributed to each of the
purposea thereby reducing separable costs.

4 Cireular No, A-47, Executive Office of the President, Bureau of the Budget,
Washington 25, D,C,, December 31, 1952,

5/ Circular Yo, A-47, op. eit., p.l.
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for the object of establishing priority for projects and gecuring effective
resource development at minimum cost, It refers to Federal programs for the
congervation and development of water and related land resources., It does
not tell the agencies how evaluation is to be conducted but gives same of
the criteria that should be standardized.

(b) Information required. A description of the need for the proposed
production o goods ia ‘or services is the first requirement. 4 complete
estimate of benefits and costs is to be included. The report mst have a
statment on cost allocation, proportion of costs reimburasable, and the reason

why some of the expenses should be paid ocut of general taxation,

Benefits to be discussed include those from flood control, reclamation,
navigation, hydro-electric power, domestic, municipal and industrial water
supply, recreation, fish and wildlife and pollution control, Secondary
benefits must be considered but until standard procedures are developed
for measuring them, the émphagis must be on primary benefits.

A1l costs incurred must be considered. Those arising mt of displacement
of people, decreases in land values effected, damanges to highways, stc.,
business losses if any, losses in tax revemes, damage to recreation, fish
and wildlife, and abandonment of economically useful structures must receive
attention, as well as the costs of the structures, Detriments to the general
welfare, whether or not they can be estimated in monetary terms, are to be stated.

The interest rate for converting benefits and costs to an anmual basis
(which is required) is to be based on interest~bearing United States marketable
securities of comparable length of time of maturity,

Where the cost allocated to irrigation is too great to be paid out by the
irrigation beneficiaries, an irrigation subsidy may be recommended,

Recreation, fish and wildlife and domestic, municipal and industrial water
supply are to be considered a local or State responsibility, unless the benefits
have such far-reaching effects as to be in the general welfare and, in the
latter instance, the Federal Government will assume some of the costs.

The foregoing is a very brief summary of the Circular. It will be noted
that the Circular bas very little to say about the economics of svaluation,
Its purpose is administrative, And it ia concerned with the financial aspect
of project evaluation; it leaves to the agencies any economic analysis deemed
Proper.

B, CUBRENT UNITED STATES PRACTICES FOR EVALUATING WATHER
DEVELOPMENT PROJECTS

Usually & distinction is made between direct and indirect benefits and
costs, Direct benefite remult directly from the project and include such
benefits as the additional values resulting from irrigzation., Indirect benefita
result from activities induced by the project, such as the increased retail
business done by firms serving the area. Since thege direct and indirect
benefits are considered to be measurable in monetary terms they are considered
tangible, and thelr sum is confronted with tangible coste to compute the
benefit-cost ratio, Intangidles are usually considered qualitatively. In
what follows most of the emphasis will be on benefits, since the evaluation
of costs presents less difficulty.



1. Direct Benefits

(a) Power. The method for evaluating benefits from power developed in
a multiple-purpose prcject is as follows:

The Bureau of Reclamation defines direct power benefits as the ex-
pected gross revenues from the sale of power produced by the plant. If
the transmission lines are included in the cost of the project, the re-
venues are those realized at the load center where the power is marketed;
otherwise, the value of the power is measured at the project site. An
additional power benefit may result from increases in usable energy at
downstream power plants due to the regulation of stream flow by the pro-
Jject. Sometimes the construction of a project will result in the decrease
in power production at an existing plant. This may be caused by the di-
version of water for other purpcses ar by the flooding of an existing
plant by the project. The value of the decrease in power production is
subtracted from the benefits. All the costs of power are project costs.

The Corps of Engineers uses the measurement methods of the Federal
Power Commission. The direct benefit from power is based on the cost of
producing an equivalent amount of power by the most economical alternative
method available, usually a steam-electric plant. Adjustments are made
for the differences in transmission costs, transmission losses, system
efficiency, and similar factors. The project is credited with increases
at downstream plants as well as at the project site.

The difference between the two methods of computing the direct bene-
fits of power lies in the manner in which the agencies handle the saving
from cheaper power. The Bureau restricts the direct benefit of power to
the gross revenues received for power. The saving is counted as an indi-
rect benefit. The other two agencies, who define the direct power benefit
as the cost of the cheapest available alternative, are actually combining
the receipts to the Government with the saving from cheaper power. 1/

(b) TIrrigation. The Bureau of Reclamation and the Corps of Engineers
both evaluate irrigation benefits and costs, but the Bureau has primary respon-

sibility and the Corps either gets estimates from the Bureau or uses the same
procedure.

The Bureau "defines the direct benefits of irrigation as the value of the-
increase in agricultural production or of the decrease in agricultural operating
costs resulting from the project." 2/ "In calculating the expected changes in
farm income and costs, the Bureau first estimates the types ang sizes of farms
with the project and without the project. Representative farms then are analy-
zed in order to determine what the changes would be for their group." 3/ The
associated increased costs to utilize the water for irrigation at the farm level

1/ "Economic, Evaluation of Federal Water Resource Development Projects," House
Committee, Print No. 24, 82nd Congress, 2nd Session, December 5, 1952,p.13,
{hereafter, reference to this document, will be "Hcopomic Evaluation.¥)

2/ Economic Evaluation, op.cit., p. 9

3/ Ibid., p. 10
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are taken into consideration in arriving at the benefits., These costs consisi
of charges for leveling, ditching, etc., and the increased costs for soil pre-
paration, cultivation, harvesting, etc. (Une charge which most likely would
appear is not considered. This cost is the added incentive necessary to moti-
vate the farmer to take on the added management problems that irrigation farming
would entail over dry-land farming. 1/ From the farmer's point of view, the
benefit is the added income accruing through irrigation over his alternative,
dry-land farming. In calculating repayment rates or water charges, there might
be some tendency to use the gross figure resulting from the above method. If
this were the case it would mean that the farmer is expechted to take on the
extra work of management that irrigation entails, with no compensation. To
arrive at a net benefit from irripation, the farmer's added incentive should be
subtracted from the gross benefit as calculated by the above method. Although
the amount necessary as added incentive would be somewhat hypothetical before-
hand, some reasonable attempt would have to be made to calculate it before
water charges were assessed.)

(¢) Watershed management. Through the Soil Conservation Service and the
Forest Service, the United States Department of Agriculture engages in water-
shed management programs. Two types of effects are recognized; on-site benefits
and costs and off-site benefits and costs. Un-site benefits are subdivided into
those relating to public and non-public effects, respectively, based on land
ownership. "The public benefits are the increase in income from Governmenti-owned
land or the decreased costs of maintenance on roads and highways as a result of
the control of erosion and of runoff rates. The costs necessary to realize
these benefits are project costs. Non-public benefits are a result of runoff
and waterflow retardation and of soil-erosion prevention on privately owned
land. Decreases in operating costs or increases in productivity are counted as
benefits; increases in operating costs or decreases in productivity as associa-
ted costs.® 2/ The procedure is to select a sample of farms, estimate the
effects a certain program  would have, and generalize the findings to the re-
gion to be affected by the watershed program,

Off-site benefits and costs are assoclated principally with flood control
and can be more easily dealt with under that heading.

(d) Flood control. The direct benefits of a flood-control program, 3/
stem from the reduction of physical damages caused by the direct action of flood-
waters and from the increased utilization of land formerly inadequately protec-
ted against floods. 4/

To compute the benefits from reducing physical damages caused by floods,
the Corps uses the criterion of costs for repairs, rehabilitation, or replacement.
1/ Joss, Alexander, "Benefits from Irrigatlon under Sub-Humid Conditions,®

Journal of Farm Economics, Vol. 28, No. 2 (May 1946), pp. 543-559.

2/ BEconomic Evaluation, op.cit., po 10
3/ "The Gorps of Englneers has primary responsibility for flood control. The
other agencies, however, deal with flood-control benefits: The Bureau of

Reclamation and the TVA as part of their multiple-purpose projects, the

Department of Agriculture as part of its watershed programme , and the

Federal Power Commission as part of its analysis of projects involving

hydro-electric power. All of these agencies obtain estimates for flood-

contrel benefits either from the Corps of Engineers or else by using simi-

lar methods.” Ibid., p. 10,

4/  Ibid,, p. 10,




For crops, if replanting is impossible, the loss is estimated at the market va-
lue less unincurred costs (further cultivation, harvesting, etc.); if replanting
can be done, it is the difference between the market value of the twc crops,

plus the extra costs necessitated by the second planting. Average annual flocd
damages are computed by means of the data recorded on flood frequency and levels.
The Corps estimates the likely damage if each flood should re-occur, The damage
at each flood stage is multiplied by the number of floods attaining that stage,
giving the frequency-stage damages. When this sum is divided by the number of
years concerned, it gives the annual average damage, If there is quite a like-
lihood that the highest stage in the recorded floods will be exceeded at some

time, a design flood is considered, and the relevant damages averaged with the
others.

The second type of benefit - arising out of increased utilization of land
made possible by flood control - is arrived at by applying the current rate of
return on leng-term private investment to the estimated increase in land value,
When additional capital investment is needed to make a higher use of the land
protected from flooding, this cost is deducted from the increase in land value,
and the interest rate is applied to the remainder. In estimating the expected
increase in value the Corps compares probable future values with and without
the flood protection works, taking care not to count values that might result
regardless of flood control. 1/

(e) Navigation. The Qorps of Engineers had primary responsibility for
estimating benefits and costs associated with navigation. The Bureau of Recla-
mation and the Federal Power Commission are concerned with the matter but they
*either obtain estimates from the Corps of Engineers or else, when necessary,
make their own estimates using the same method." 2/

The method is, briefly, to calculate the reduction in costs made possible
by the works. This is the benefit. There is no attempt to establish the real

costs, but only the monetary costs; it is assumed that the savings are passed
on teo the consumer.

(£f) Other multiple-purpose functions.

(1) Recreation, The Department of Agriculture dces not measure
tangible recreational benefits; the Bureau of Reclamation' cbtains estimates
from the National Park Service: and the Corps of Engineers makes its own es-
timates.of "The net income from recreational facilities such as hotels, camps,
and concessions." 3/ The net incomes are the benefits.

- - (2) Fish and Wildlife. The United States Fish and Wildlife Ser-
vice provides all the agencies engaged in multiple-purpose water development
projects with estimates of benefits. 4/

(3) Pollution Control. The benefits are estimated by all the agen-
cies in terms of the cost of the most practical alternative method that would
be used to decrease pollution in the absence of the project. 5/

Economic Evaluation, op.cit., pp. 10-11
Ibid., pp.11l-12.

Economie Bvaluaticon, op.cit., pp.l3-li
Ibid., p. 14

Loc.cit.

MR
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(4) Domestic and Industrial Water Supply. Sometimes the benefit is
based on what the beneficiaries are willing to pay for water, bui usually it is
based on the cost of the cheapest alternative way of providing the water.

(5} Sedimentation Control. The various mgencies base this benefit on
the demage prevented by the comtrol, 2/

(6) Salinity Control. This benefit is estimated on the basis of the
damage prevented, the method being similar to that in measuring flood control
benefits. 3/

2. Indirect Benefits

Indirect benefits are the values resulting from activities induced by the
project, such as increased freight loadings, made necessary by the greater eco.
nomic activity. It is an attempt to measure the net effeet that the project
has on national income, recognizing that gince the project may have favorable
repercussions on the national economy, these effects are a benefit and should
be credited to the project. Because 1t is 1mgpssible to isolate the effects
of a water project from the effects of other Yovernment expenditures (on high-
ways, airports, ete.) 'on national income, the various agencies estimate these
effects locally, assuming that local indirect benefits are national income
benefits. Indirect benefits are measured for irrigation by the Bureau of Re.
eclamation, for hydro-electric power, by the Bureau, and for flood control by
the 201 < of Engineers, the Bureau, the Federal Power Commission, and the Ue_
partment of Agriculture.

(a) Irrigation. The indirect benefits arise because of the increased
sale of farm products and from the increased demand for goods and services
brought about by the economic activity connected with instituting the project.
The Bureau calculstes indirect benefit factors to apply to the primary pro-
duction, derived from the contribution that each type of activity makes to the
nationsl income, e.g., in the processing and distributing industries, the indi-
rect benefits creditable to the project arise out of the increased production
of farm commodities. The indirect benefit factor is 10 per cent for the whole.
saling of grains produced, and the total factor for grains is 83 per cent, so
that, if there were an increase of $20,000 in the production of grains, the
indirect benefit accruing to the project would be ¥2,000 in the former case,
and $16,000 in the latter case. 4/ Similarly,factors are worked out to apply
to the increase in local business activity to determine the benefit creditable
to the project. It is assumed that there is a benefit felt by the suppliers
of goods and gservices which arises out of the development of the project, e.g.,
in the case of motion.picture theatres, it is maintained that there is a 39
per cent inerease in the value of admissions paid. Since the increase in bu-
siness activity regults partly from the project lnvestment, and partly by virtue

1/ Log eit.
2/ loc.cit.
3/ loc.cit.
&

Loonomic Bvaluation, op.cit., p. 15.
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of farmers' increased costs, a "Federal cost-adjustment factor" is applied to
determine the net amount of the benefit that is creditable to the project. 1/
This factor will deflate the total benefits from processing, etc., and supplying
goods and services by a considerable amount, perhaps 80 per cent, so that one.
fifth of the value found for indirect benefits originally would be credited to
the project. 2/

(b) Hydro-—electric power. The indirect benefits are assumed to arise
out of the saving to the consumer through using Bureau developed power over
what it would have cost to develop an equivaient amount of power using the
cheapest alternative means, plus the benefit resulting from the use of the po.
wer in the final production of goods and services. Where the power is distri.
buted by an outside utility, the effects on the latier are taken into conside-
ration.

{c) Flood Comtrol. Indirect benefits from this function arise out of
losses avoided by the project. JLhese losses are the net loss of goods and ser-
viceas due to the flood, plus the costs of flood fighting. In the first ins.
tance, business and commercial activities are curtailed and the value of goods
and services that would have been produced are permanently laést. In the second
instance are costs of evacuation and care of flood vicetims, emergency protective
works, and {ncreased costs of carrying on essential services during a flood. _/

C. COMWENT

Circular No. A-47 requires no comment; its purpose is administrative rather
than analytical. It merely sets out the poliey of the United States Sovermment
with respect to wéter development projects.

The Subcommittee's report is a commendable attempt to bring to comparasbili.
ty, through a standardized procedure, the many diverse water development pro.
jects proposed from time to time for consideration by the government. These
projects often vary a great deal in ‘their purpose; some provide mainly for
flood control; obhers are designed mainly for power; &and still othemhave for
their major function reclamation through irrigation. Regardless of the major
function, these projects usually provide alsc for the other functions just
mentioned, and frequently for many minor functiocns as well, To bring these
projects together, so that they can be compared objectively, requires a great
deal of ingenuity, but with the help of one or two simplifying assumptions, the
Subcomnittee has achjeved its purpose ampzingly well. The assumption adopted

Ibid., p. 16 ¢ . B

The - foregoing statement on the determination of indirect irrigation hene.
fits does not quite do Jjustice to the Bureau's method.. For full details,
the relevant texts should be consulted,

Economic Evaluation. op.cit., p. 17

Wihile no decisdion to revise the eircular had been made asg of April 15, 1955,
it was under review by the Executive Branch of the Govermment. Information
courtesy of Carl H. Schwartz, Chief, Resources and Civil Works Division,

in correspondence dated April 15, 1955. A revision may be expected in the
future, however.

e
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are, first, that the economy is fully employed, so that the market price of
factors used in the river project can be assumed to represent the sacrifice or
real economic cost to the community; second, thet f?e effects of business cy-
cles and unemployment may be largely disregarded; 1/ and third, that the market
price expresses the puhlic values attached to the benefits and costs attributa-
ble to the projects. 2 The resulting analytical framework is logically con.
ceived and must Tesult in comparable evaluations. lherefore, where the object
is to consider two or more competing projects as to their relative merits, the
Subcommittee's recommendations form the best guide develcred so far.

Yet, the assumption of full employment vitiates the method outlined by
the Subcommitiee when economic rather than financial feasibility is to be cona
sidered, Full employment, for the most part, is a8 special case; there is almost
always some unemployment, varying from the unquestioned unemployment of a ge-
neral depression to unemployment or underemployment which may exist only in
certain seetors of the economy.

Therefore, the question of the possible effect of the project on general
welfare - 1ts significance for providing economic opportunities and regional
develomment - is left begging. This omission is understandable. Techniques
for analyzing these effects have not been perfected. Hence it is no discredit
to the Subcommittee that this facet of the problem is not dealt with. Yet,
the simple truth is that if a cepitel asset ig created which has profound ef-
fects flowing from it for the region in which it is located, the economic be.
nefits are very lmportant, both regionally and mationelly. This has been shown
qualitatively in a recent study of the Tennessee Valley <uthority. 3/ The
author of this paper concluded that benefit.cost analysis provides an invest.
ment eriterion rather than one which is useful for evaluating the effects re-
gionally and nationally. He continues as follows;

"Perhaps more useful for this latter purpose is an analysis of the pro-
cess of development and how regional development programmes may influence
the process. This requires an examination of the effects such programmes
have on the parameters of the region's production and consumption functions
over time and the trend in the structure of markets. Although precise
quantitative criteria may be more difficult to formulate in this case, an
approach along these lines is likely to be more relevant, more informative,
and more suited for analysis of the dynamic aspects inherent in problems
of economic development." 4/

the reduction in relief costs may be credited to the project as & benefit,
Op.cit., p. 29.

- White # is recognized that the market may not always reflect all the va.
lues, because of the influence of subsidies, tariffs, price supports, and
imperfections in the markets, this creterion is chosen because it repre-
sents the only suitable framework for evaluating projects in common terms.
See Op.gite, P. 7

3/ EKrutilla, J.V., "Criteria for Evaluating Regional Development Programmes",
American Economic Review, Vol. 45, No.2, (May 1955), pp. 120132,
4/ Tbid., pp. 131.132. '

1/ If construction is to take place during periods of low economic activity,
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Another recent contribution to the literature on regional economic pro-
blems compares development in Idaho and California. 1/ The writer of this
contribution uses the technique of linear programming and, although the paper
does not pretend to put forth a perfected teéhnique, it is a valuable addition
to the literature on the problem of economic analysis of regional development. 2/

While work i{s rapidly going forward and progress being made in development
of techniques for regional analysis, much more work is required before the pro-
per tools are finighed. .

In summary, the Subcommittee's report is a valusble guide where the pro.
blem is one of econcmic comparison of two or more projects competing for public
funds. But it leaves unanswered the question as to the effects of the deve10p- _
ment on the economy of the region and natiom generally. g

The main eritiecism, with respect to current practices, concerns the hand.
1ling of indireet benefits. The Bureau of Reclamation's attempt to measure na.
tional income benefits at the project site commends respect , for it is an ex-
tremely difficult task to accomplish. It requires painstaking ingquiries about
the indirect benefits in existing project areas to determine the magnitude of
the indirect benefits that have been realized in the past. However, generali.
zing from such studiez to projects proposed for development agsumesg that fu.
ture undertakings would produce identical results. Such an assumption may not
be warranted.

Rather than attempt to isolate all the various indirect benefits, {effect
on theatre attendance, ete,), it might be more realistic to limit the inquiry
to a study of the changes in rent, and of the rewards to other factors associaa
ted with the development. Such an inquiry might give a conservative measure of
the net change in national income as a result of a river basin project, but it
would not involve any double_counting.

1/ Moore, F.T., "Regional #conomic Reaction Paths,” American Economic Review,
Vol. 45, No. 2 (May 1955), pp. 133.148.

g/ On the question of the advantages of the tool of linear programming over

: partial economic analysis, one writer states emphetically that there is no
issue as to which tool is best for "determining the.allOcation of invest.
ment which will maximize the increase in national 1ncoge « It is linear
programming. The latter "can deal with the composition of output, price
relatjonships, foreign exchange relationsghips, and alternative production
methods far better than can partial analysis. These advantages result
from the nature of economic development; namely, that the economy is chan.
ging, not marginally, but in all parts at once and in some parts by large
increménts or large structural changes. Change in each part of the eco.
nomy affects other parts, and none can be analyzed without simultaneously
analyzing all." See Hagen, E.E., "Discuseion", on Development Policy in
Underdeveloped Countries, American Economic Review, Vol. 45, No. 2,
(May 1955), pPe The.
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D, CONCLUSION

In the absence of satisfactory techniques for evaluating indirect or
secondary benefits, major reliance should be placed on the evaluation of
direct benefits, while indirect benefits would be discussed qualitatively.
If 2 benefit-cost ratio must be shown, indirect benefits must be given a
monetary value; however, it would be preferable as regards sound economic
analysis, to handle indirect benefits in qualitative terms,

~ The product of such apalysis would be as follows, On the one hand there
would be the estimated monetary costs. On the other hand there would be the
estimated monetary veturns, If these balanced there would be no real
neceaaity to discuss indirect benefits, if any, but inclusion of these woald

make the analysis complete. If monetary costs exceeded monetary returns '

(both estimated), the contn‘bution of indirect benefits to national income
would have to be considered., However, these would be stated qualitatively
and there would be no possibility of comparing their wvalue directly with
the difference between monetary returns and costs, Whether or not such
qualitative henefits were felt to compensate for the monetary deficiency
would be a matter of Judgment at the policy level,

CHARTER &, SUMMARY AND CONCLUSIONS

1. Summary

This study, undertaken by the Economies Diviaion amd P,P.R, A, of the
Department of Agriculture (Canada), had for its purpose the collection and
analysis of basic data relating to the economic significance of human
aotivities and needs with respect to water development in the Saskatchewan
river basin, to provide the Prairie Provinces Water Board with basic in-
formation useful in making decislions about allocating water among the pro-
vinces through which it flows., Although the study as a whole has not as
yet been completed, the data collected tims far have been made available
in interim reports., The present report drings into focus the problems -
associated with interprovincial water allocation and examines available
data to determine the extent of water shortage in the Sasimtchewan river basin,

The Saskatchewan river basin lieg athwart the three pralrie provinces
and hag an area of about 149,500 square miles of which 8,2000 1ie in
" Alverta, 66,600 in Sagkatchewan and 900 in Manitoba, Climatically, it is
sub-humid in the north and semi-arid in the south; but wariability of
preciplitation glves rise to more agricultural problems than any absolute
deéficiency of moisture., It is, however, a moisture deficient area
in the sense that potential evaporation exceeds precipitation, and in
a large part of the 'ba.ain, over an area roughly approximating the Palliger's
*Inner® Triangle, or the brown soil zone, potential evaporation exceeds
precipita.tion by 25 incheg or more, Although varlability and, to some
extent, deficlency of precipitation limits agricultural production over
part of the bagin, in Manitoba water for hydro-slectric preoduction assumes
. important proportions becanse of the paucity of other indigenous sources of
“primary energy. Thase two facts point up the incipient conflict of uses for
the water; irrigation in the upper reaches, and power production in Manitoba,
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In 1951 just over one million people occupied the portions of Alberta and
Saskatchewan lying within the Saskatchewan river basin.

Settlement of the prairie provinces lagged until the turn of the present
century,; after which the major part of the agricultural lands were occupied in
the space of 30 years. #ttempts to farm the ghort.grass region gave rise to
great hardships, especially throughout the region depicted by the brown scoil
zone. Ameliorative measureg were begun in #Alberta in 1927 with the creation
of the Special Areas, and in the 1930's in Saskatchewan through the Prairie
Farm Rehabilitation #ct and provincial legislation.

The hugbanding of water, made pessible through financial and englneering
assistance by P.F.R.A,, has occurred at three levels of size of project, "dug.
outs", community projects, and major irrigation projects.

» When the supply of water in the Saskatchewan river basin is confronted
with present and foreseeable future uses, (domestic, industrial, irrigation
and power), no absolute shortage appears to exist. Temporary shortages may
manifest themselves from time to time at urban centerm, in particular as re.
gards pollution, but additional storage, improving the river's regimen, would
relieve these shortdages. ZIZven with full development ¢f presently authorized
irrigation projects, including the South Saskatchewan River Project, the ave-
rage flow at The Pas for water-years similar to those of 1923_24 to 1947-48,
would be 13,302,000 acre.feet ms compared with 17,719,000 acre.feet under
"natural® conditions. In addition, regimerd would be improved, because of
present and prospective pdwer development upstream, so that the minimum monthly
flow would be 4,824 c.f.3. as ecompared with 1,342 ¢.f.s8. under "natural™ flow. -
conditions. However, although such improvements in regimen would benefit
downstream hydro plants with little natural storage and provide more water for
urban and industrial uses and for pollution control, hydro sites with very -
large natural storages, such as those on the Nelson Hiver, would be adversely
affected by the diminution in the total flow,

20 ConclusiQns

(a) The water available in the Saskatchewan River System would seem to
be adequate for present uses in the basin itself, but full development of pre.
sently authorized irrigation projects and of proposed projects would adversely
affect the power potential of the Nelson river.

{(b) Basic data are required for an extended economiec analysis of water
allocation problemg. In particular, data have to be gathered to asseas the
economic value of presently operating irrigation projects and to test methods
which could be used to evaluate proposed projects; the power potentials and
requirements of Msnitoba need to he studied, so that wvalues may be attached
to diminution of power potential resulting from future irrigation development
studies must be undertaken to compare the relative value for agricultural
development of delta soils through drainage; grey-wooded spils through clearing,
and prairie soils through irrigation; &nd finally, data sre needed for evalua.

- ting various methods of eontrolling pollution.



AFPENDIX

CUTLINE OF THE PROELE{ INVOLVED IN PROPOSED STUDY
BY BCONOMICS SMRVICE ‘_ _
"STUDY OF PROBLEMS IN WATER ALLOCATION IN THE PRAIRYE PROVINCES"

The waters of the Saskatchewan river basin, in the main, rise in the eastern
slopes of the Rocky Mountains, with several tributaries in the State of Montana
and the Province of Alberta and flow eastward to joim four main tributaries in
eastern Alberta and two in western Saskatchewan, and eventually form one stresm
with additional tributaries in northeasstern Saskatchewan and northwestern
Menitoba to merge into a chain of lakes of the Manitoba Lake System.

In addition to the Saskatchewan River System, several other river basins
of less importence, in weatern Canada need to be considered. Claims for use
of these waters have already arisen, or will arise in the future and they must
be considered in any discussion of an equitable allocation of water in the
Prairie Frovinces. The Sagkatchewan River basin covers half of the settled part
of the Prairie Provinces and directly affects the life and economy of adbout half
of the people who reside there. The importance of this to the people affected
is made many times greater by the fact that water is a comparatively scarce re-
source.

No one principle has been followed in detemmining rights to water carried
by a stream across boundaries of more than ope jurisdiction. In intermational
diaputes equal division is usually recognized for common boundary weters, whereas
for streams erossing the boundery an egquitable division is made (or attempted).
Interprovincieally, the Frairie Frovinces Water Board has the reaponsibility of
recommending allocations; and their functions are defined as -

"to recommend the best use to be made of interprovincial
waters in relation to agsociated resources..and to recom.
mend the allocation of water as between each such province
of streams fiowing from one province into another province."

In local provinciel water-right administration; the practice has been to
issue licenses for all reasonably 'good’ projects with priorities being allotted
in strict conformity to their regpective dates of application (provision being
made to allow a higher type of user, say 'domestic', to take over the priority
of a lower type of user, sty 'irrigation', providing the need is demonstrated
and all damages are paid): very recently some of the provinces have taken the
right t0 reserve any unappropriated water so allocetiong may be reserved among
the applicants in any manner deemed "best in the publie interest™.

In recommending allocations of interprovincial waters, the Prairie Provinces
Water Board has frequently been aware of the lack of basic information dealing
with the economic significance of human astivities and needs in relation to water
development .
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There 1s need for a broad study of interprovincial watersheds which will
co-ordinate

(a) All facts known concerning their geogfaphical location in relation
to present and probable future human sctivity and needs;

(b} the economic significance of various physical and engineering
possibilities related to these activities;

{¢) present and required legal framework regulating‘human activity in
relation to water; and

{d) other relevant aspects.



WATER ALLOCAFTION AND UTILIZATION IN THE
SASKATCHEWAN RIVER BASIN

7

Report No, 2.

Physical Features of the Saskatchewan River Basin

John Boan and Craig Duncan

Economics Division
in co-operation with '
Prairie Farm Rehabilitation Administration

Canada Department of Agriculture

61/14 (2) Ottawa, July 1961,






PREFACE

This is the second in a series of three reporte on the Sasgkatchewan
River Bagin., In conjunction with YA Survey of the law .of Water in
Alberta, Saskatchewan and Manitoba", a report written by Mr, P. Gisvold,
these three reports are designed to co-ordinate all kmown facts concernlng
the geographical location of Interprovincial watersheds in relation to
Present md probable future activity and need, and to evaluate the legal .
and economic significance of variona phliysical and englneering possibllitiea,

The three reports include:

Beport No, 1, “"The Economic Significance of Water Requirements in
Relation to Human Activities and Yeeds in the Sasgkatchewan River Basin,"

Report No, 2, "Phyeical Features of the Saskatchewan River Basin."

Report Yo, 3, “Annpta.ted Bibliocgraphy of Selected Documents Per-
ga.inin% to Water Allocation and Utilization in the Saskatchewar River
asin,

Acicnowledgments are due to the late Dr, L.B, Thomson, Director
of Prairie Parm Rehabilitation Administration, Dr. C.C., Spence, Western
Supervisor, Regional Offices of the Bconomice Division and Mr, ¥.M, Berry,
for their encouragement, constructive criticism and assistance and to
many others, toco mimerous to mention, who through conversation or
correspondence asgisted in varicus ways,
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CHAPTER 1, PHYSICAL CHARACTERISTICS OF THE
SASKATCHEWAN RIVER BASTN

A, Introduction

The continued replenighment of streans ig ultimately due to pre-
cipitation in some part of the watershed,

Some of the precipitation is intercepted by the vegetation of the
basin, the amount varying with the type of precipitation, Hydrologists
have estimated that about 20 per cent of the rain falling in the cpen
ig intercepted by deciduous trees (beech, oak and maple), and about 60
per cent may be intercepted dy spruce although, in this latter case, the
method of measuring has been criticized.,l/ Interception of wet snow
and freezing rain may amcunt to a considerable proportion of total pre-
cipitation, Iaterception of precipitation may lead to sublimation or
evaporation even while the snow or rain is still falling. Wind, by
increasing the processes of sublimation and evaporation, adds to this loss.
A lag between the time or prscipitation and stream replenishment is encauraged
where any form of vegetation is present, a factor conducive to a more favorable
regimen, Forests protect the surface water, particularly if water is in the
form of snow, by acting as a heat screen; but gemerally, through their
interception, forests are wasters of water., The logs of water due t o these
causes is eritical in areas of low precipitation. loss of water due to inter-
ception must, however, be balanced agzainst the beneficlal effects of forest
cover in glving a greater control of runoff and in deecreasing erosion, In
the Rocky Mountain Porest Reserve, where restricted cutting of the timber 1s
allowed, experiments are beinz conmducted which have as their purpose to obtain
an optimum runoff in terms of forestry practices. Patch cutting would appear
to offer the best solution.2/

Regarding the precipitation that reaches the ground, some will
evaporate from the surface, some will percolate into the soil, and the
remainder will flow to the rivers. The structure of the soll ig the chief
determinant of the rate of infiltration, A dry, finely pulverized soil pre-
vents rapid infiltration whereas a moist soll, but one that is not saturated,
quickly abeorbs additional moisture, A small pore space of the fine soll
particles decreases the infiltration rate, so that surface runoff is more rapid,
Sandy soll thus has a much higher infiltration rate than has a :lay soil., Clay
soil particles swell when water is added, decreasing the pore spaces, Infiltration
is completely reduced if the ground is fepzen, Bunoff is then considerably
increased,

Vater may be held as soil moisture. Some of this will reach the stream
channel through interflow,3/ or as groundwater moving laterally

1/ Linsley, Ray K., Max A, Kchler, Joseph, L.R, Paulus, Applied Hyirology.
McGraw-Hill (Civil Engineering Series). Few York 1549, 260 p. ,

2/ Personal interview with D.X., Crossley, Forestry Branch, Department of
Northern Affairs and National Resources, Calgary, Alta., Aug. 20, 1954,

3/ Interflow is the portion of the water that geeps into the soll, moves
laterally in the upper soil until its course is intercepted by a stream
channel or until it returns to the surface at some point downslope from
it8 point of infiltration,



below the level of the water table. Subsurface flow is significant in
the replenishment of the prairie streams, Water is stored in the soil

and then released slowly, From midsummer to the end of antumn, subsurface
water is often the only source of water for many prairie streams and it
helps maintain their flows., The amount of water obtained will vary with
the soil type and the underlying geoglogical stmecture,

The bulk of precipitation falling to the earth spreads as a thin
sheset over the surface, From this sheet there 1s loss through sudlimation
and evaporation, Some water collects in hollows, becomes depression storage
and is of no further use, Overland flow begins when the thin sheet of water
which has Wilt up over the basin surface, is no longer able to remain in
a position of equilibrium, It flows to lower levels and, eventually, to
the stream, When precipitation is in the form of snow, overland flow must
await the warmer temperatures that will bring about a thaw, Volume and
the rate of overland flow depend primarily on the amount of discharge and
the configuration of the surface. For example, on the undulating surface
of the prairies, the movement of water to the major stream channels is
mich slower than is a comparable volume in mountalnous areas,

Stream regimen is the end product of an aggregation of physical
factors, Of these, climatic influences are the most important in deter-
mining the particular pattern the flow will take, But within thebroad
pattern dictated by climate there are many local varlations in the natural
flow, These directly reflect the relief over larger areas; and the sur-
face configuration, vegetation and soils over smaller areas. Agricultural
activities, insofar as they modif y the land surface, also play a part in
modifying stream flow, A detailed examination of physical inter-relationship
is beyond the scope of this study, General physical patterna mmst firast
be outlined for an understanding of the analysis of regimen.

B, The FPhysiography of the Saskatchewapn River Basgip

The site of the Saskatchewan River basin was originally a vast low-
iand region, the Alberta Shelf, which extended from the Great Slave lake
in northern Canada to the Gulf of Mexico, From pre-Cambrian times the
shelf sxisted as a western extension of the central North American craton
of which the Canadian Shield was the core, It suffered altemating perlods
of broad subsidence, marine and fresh water sedimentation, emergence and
erosion, To the west of the Shelf, along the present western boundary
of the province of Alberta, lay a deep trough, the Rocky Mountain geosyncline,
Sedimentation within this trough was more or less a contimous process,
The sediments originated from an orogenic belt further west bordering the
present Pacific coast and, later, from a high mountain landmass which J,B,
Webh named the Cordilleran geanticline 1/ and F.J, Fraser, et alia, named
Zephyria 2{ Whatever the name, it occupied the present site of ths Purcell,

1/ Webdb, J.B., "Geological History of the Plains of Western Canada,*
etin of th erican Aggoeiation of Petrol Geolo, igts, Vol
2/ Fraser, F. J., F.H, McLearn, L,S, Russell, P,S, Warren and R,T.D,
Wickenden,, “Geology of Southern Sa.skatchewan“ Mamol er 1
Geological Survey, 1935, p.ll4,
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Selkirk and other ranges, From this landmass came the tulk of the Cretacecus
materials which form the bedrock over most of the basin, The Cretaceous seas
were mostly mad or silt bottomed, They were invaded by marginal alluvial
plains, delta plains and swamps, During the same periocd, clastic sediments
were building up a marginal alluvial plain from the Canadian Shi#ld in the
east,

The rise of the Cordilleran geanticline had brdeen up the geosyncline
immediately to the east but this was able to persist as a trough and gsed-
imentation continued. As the Mesozoic era drew to a close, uplift, initiated
by tremendous crustal forces from the west, was directed against the geo-
syncline, Rocks were compressed and uplifted, and the site of the former
sea was converted into a mountainous region., This, the Iaramide, or main
Rocky Mountain 6rogeny, resulted in the Bocky Mountain geanticline, The
region of uplift was bounded in thewest by the Rocky Mountain Trench and
to the east, by the foothlills and these in turn by the shallow dip of the
Alberta Shelf, Folding within the boundaries of this region contimmed,
developing folded thrust fanlts in the foothills of the Rockiea, These
have been studied in the northwestern portion of the basin 1/ and in the
southwest, It is in this latter area that the most spectacular relief forms
have resulted from overthrusting, The famous Lewis overthrust 2/ has been
traced 100 miles north-into Canada, The overthrust led to a reversal of
the normal stratigraphy so that the lewis and livingstone ranges are
"perched"® on Cretaceous materials, Along the foothills region the overthrust
is at the contact between Palasozoic and Mesozoic gsediments and it often
coincided with the trace of an overthrust fault plane. Within the bands
of sedimentary rock, svidence of intrmasive igneocus activity has been exposed.
A diorite sill is a prominent feature high up in the Lewis range.

In gummary, the Rocky Mountains may be described as an anti-clinorium,
modified by faulting, overturning and overthrusting with local areas of
intrusive ignecus activity,

Erosion followed the period of uplift and the young sediments were
removed from the mountain mass so thattoday granite, forming the core
of the Rockies, has been exposed, Other sediments are composed of &
thick mass of folded and fanlted materiala ranging in age from pre-Cambrian
to late Palaeozoic, Mesozolc formations often occur as inliers in the
Paleozolcs and the ridges of Paleogoic and pre-Cambrian formations occur
outside the main front of the Rockies, For some time, antecedent rivers
persigted across the rise of the Rockies, and, although eventually defeated,
they did cut the lower passes, Erosion of the uplifted mass was particularly
extensive in the southern part of the basin, Maturity in the cyle was
reached during the Miocene and the FPliocene periods, Most of the eastern
extonslon of the overthrust was removed mntil only ocutliers, the most strik-
ing of which is Chief Mountain, remained, The abrupt termination of the

1/ Hake, B,F,, Robin Willis, and C.C, Addison, "Folded Thrust Faults 4n
the Foothllle of Alberta," Bulletin of the Geologzical Soclety of
America, Volume 53, 1942, pp.291-334.,

2/ Dyson, James L., "The Geological Story of Glacier National Park,"

Special Bulletin Number 3, Glacier Natural History Association, Ine, .

Weost Glacier, Mont., 1949, pp.l4-19,
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Rozkies is a characteristiec in the scuth, Effective, but less complete
erosion of the bedrock to the north, resulted in the sculpturing of the
eastern ranges. The present topography of the northern foothills is re-
lated to the eastern dip of the Alberta geesyncline. Erosion of the
fresh water clastics has remwlted in “sitrike ridges of more wesistant
afones ,,. paralleled dy broad valleys carved in softer shales ,.. The
drainage system deweloped on a gravel plain formed during the early or,
middle Tertiary and has been superimposed on the Cretacecus rocks so
that the present day streams are only partially adjusted to structure® W1/

Sedimenta, particularly fresh water clastics, rapldly accumulated
about the site of the mesent foothills, In the shallow geosyncline
axtending east to the Shield, and Oligocene gravel plain was built up.

It ponslated of "Saslatchewan gravels,® coarse gravels, sand and quartzite
pebbles which greatly differed from the earller Cretaceous clastics of
Zephyria, Paleocene warping of the geocsyncline was associated with the
formation of the Sweetgrass Arch which extended from the south iato
seniral Alberta. The emaller Alberta geosyncline was formed to the west
of this, During the Miocene and the Pllocene periods erosion reduced
most of the original Tertiary sediments until only remnants remained.
Attempta have been made to correlate these levels with the old Flaxville
and other peneplain surfaces of Wyoming and Montana, The height of these
surfaces above the general prairie level varies, The western hills in the
Cypress Hills area have a local relief of 600 feet. In the east the
hills rise 1,600 feet above the plains. A most striking feature of these
romnantd is the nearly level summits found at their tops. They are often
bounded by ateep slopes whereas in the Cypress Hills, gorges "meet the
upland surface at marked angles and form strong contraste with the upland
murface,*2/ Other more prominent remmants include such topographic
fesntures as the Milk River Ridge, an elevated ridge of country, the
Poreupine Hillas, which are closely associated with the Rockles, the Hand Hills,and the
tage of the Missourl Coteau, The Hand Hills rise to 3,550 feet, about
14200 feet above the surface of the plains. They form “an elevated table-
md, the top of which, however, is not flat but composed of five ridges
which rsdiate from a center lylng to the southeast?3/

Gravel benches associated with these features indicate brief periods
of aggradation, "In the wvalleys of Mill and Pincher creeks and those
of the forks of the Oldman, east of the actual bage of the mountaing, wide
terraces and terrace flats are found stretching out from the ridges of
foothiils and running up the valleys of various stveams¥y Similar
terrsncos are found in the walleys of the Bow and Crowsnest rivers.

1/ Hake, B,F,, Robin Willis and C.C, Addison, op, cit., p. 295.

2/ wi .,.ﬂia.ms, M.Y., "zhe Phya:i.ogra.phy of the Southwest Plains of Canada,"
Zxansaciiong g Ry ' anada, Volume 23, 1929, p. 64,

3/ Tyrrell, J.B., m&_m Volume 2, Geologica.l Survey Canada,
1887, p. 29, '

& Williams, M.Y., gp. g¢it., p. 66,
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In general, the prairies are underlain by Cretaceous Rocks, the
only exceptions being in the area of the lower Saskatchewan river where
Silurian and Ordovician bedrock outerops, and adjacent to the foothills
where early Tertiary sediments have been preserved in the Alverta geo~
syncline, Sufficient variety is found in the composition of formations
to influence local drainmage and topography. The BEdmonton formation con-
sigts of very fine clastics combined with abundart clayey matter. They
have tended to develop very flat or low-angle topography., The soft beds
of white and pale-gray, argillaceous sands and grey and brown clay weather
into typical badland forms. Water does not readily seep through the rocks
but ig either retained as shallow, intermittent lakes or cuts courses to
drainage ways through steep-walled gullles, The paskapoo formation to
the west consists of coarse clastics, loosely cemented, with altemating
harder and softer bands,

The goarse sands are not as readily moved by wind or
rain action and can form relatively steep protective taluses,
Thig feature in conjunction with the ribbed natare of the
bedding hap resalted in the Paskapoo surface assuming a
sharply rolling character locally.l/

Paglapoo rocks, like the porous Belly Rilver rocks to the east, absord
water readily; so that the surface is marked by fewer lakee ani streams,
large lakes, where the Paskapoo formation is the surface bedrock, have
bottoms at the level of the Edmonton formatiom,

The ocustanding topographic features at the plains level are two
sast-facing emcarpments of the Manitoba cuesta and the Miassouri {Geteau,
These are hilly belts of ocutcropping Cretacecus rock, oriented about
northwest to southeast across the basin, which mark a break between
erosior levels., The Manitoba escarpment has been described as "a series
of water worn cliffs overloocking a region of Silurian bedrock and alluvial
sediments of the former lake."2/ In the north, the cliffs disappear and
the cuesta becomes more a line of contact between Cretaceous rocks in the
west and Silurian in the east, The Miassouri Coteau is a long, marrow up-
land extending to the northweat, Glacial moraines perched on its top,
accentuate the height.

During Pleigtocene times, ice advanced over the plains from both
the west and the northeast, The western movement was from the Cordilleran
ice cap and was baslically a piedmont extension of valley glaciers, Within
the Rockies, it conslderably modified the mountain scenery developed under
normal erosion, Great U-shaped valleys, paralleling the mountain ranges
were gouged out, Above the sheer rock asides, massive peaks persisted as
nunataks, Jagged aretes, cirgues at the heads of main and tributary valleys,
cols and hanging valleys are toda.y characteristic featuree of the Rockies
resulting from this glaciation,

1Allan, J.A. and J.0.G, Sanderson, "Geology of the ERed Deer and Hoseud
Sheets, "Alberta," g}gg;; 13, Regearch Council of Alberta, Edmonton,
1945, p.l11, .

2/ Thayer, W.M,, "The Northern Extension of the FPhysiographic Divisions
of the United States," Jowmal of Geology, Volume 26, 1918, p.24,
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The valley floors are flat-bottomed, across which streams flow ia
braided channelas, Masses of valley traim material line the valley floors,
while culluvial debris slopes im lomg talus comes to form the sides. lekes
occupy steps im the valley floora or are foumd retained behind the lips of
cirques im the upper valleys. There are also evidemces of former lakes,
temporarily dammed behimd glacial dedris, im the sorted sedimemts of the
valley floors. Moraines are not a comspicous feature except ia areas ad-
Jjaceamt to presenrt day glaciers,

Cordilleran ice several times advamced beyond the confimes of the
noantain valleys to make contact with the lsuremtide ice from the east,
Quartzite arrztics, , dumped as the ice melted, marked the extemt of
advance, The Continental ice covering the Canadiam Shield advamced dur-
ing Iaurentide times )/ imto the foothills umtil it reached elevatioms
which it ecould not surmount. Barriers, llke the Porcupime Hills, blocked
advance, but great lobes of ice extemded up the lower reaches of the wvalleys,
Ia the scuthwest "the morthern lobe, enveloplmg the northerm emd of the
Porcupine Hills near Stimson Creek, extended down the valley mow occupled
by the Chain Iakes,"2/ A central lobe extended imto the Porcupine Hills and
a southern extension left moranic material at 4,400 feet., The Iaurentide
dezift comtained pleces of gramite, gabbro, gneiss, schist, amd other types
of rock derived from the Canadian Shield. Erratics nmark the extent of this
drift. In southerm Alberta are found two layers of drift of eastem origia,
ard these are separated ian places by ligmlte~bearimg interglacial deposits.
Where the earlier ice sheet went well into the foothills, cordilleram drift
overlaps this and in turn is overlapped by later Lemremtide drift. Ia
southern Sasiatchewan, borings show evidence that at leaat three till
deposits were separated by two merles of imterglacial d.eposits.jj

Three types of umcomsolidated materials are foumd over the basia,
There are some gravels amnd sanis, possibly of preglacial origin, the
drift deposits of laureantide times, and to a more limited exteat, Cordilleran
origin, andi some post-glacial river amd lake deposits.4 oOf these the drift
deposits are the most extemsive, They consist of both sorted amd umsorted
materials, till, boulder clay amd semlstratified silte and clays., The
thickmess of the drift varles over the basim, hut it is gemerally between
25 and 50 feeb thick amd is geldom more tham 100 feet deep im the interstream
arsas, The till deposit is somewhat thimmer west of the Coteag tham 1t 1s
to the east, Where the t11l of groumd moraime has beem dumped om the laad,
a flat to umdulatiag plain has resulted. Not all lowland features are
sggradational. Flat areas to the east of Red Deer have been smoothed amd
Planed dy glacial actiom. "Rock Drumloids®, small roches moutommees morth
of the Hand Hills, have been formed by ice sculptorimg of the bedrock,
Post-glacial dissectiom of the moraimic features varies with the lemgth of
oxposure of post-glacial erosion and the proximity of actively erodinag
ﬁ There appears to be some confusion im the use of terms "lauremtide" aad
“Kgewatin" im maming the ice. sheets advancing from the east, Some writers
use the words syaomamously, while others use the word “lLaurentide® to
distinguish the morthesterly from the more sasterly component. "laurentide"
is here used as the more modera name for the ice sheetadvancing Trom the east,
2/ MagStalker, A,, ®Surficial Geology of Southwesterm Alberta,” Third Anmual
Field Comference and Symposium, Alberta Society of Petrolw.m Geologists,
1953’ p-21
3/ Jommstom, W.A., and Wickendem, "Moraimes amd Glacial Iakes im Southerm
Sagicatchewan and Southern Alberta, Camada®, Trangactions of the Royal
Society of Cans nada, Volume 25, 1931, p.31,
4 Allam, J,A, and Ralph L. Rutherford, “Geology of Cemtral Alberta®, Divisiom
Report Number 30, Research Coumcil of Alberta, Wimomton, 1934, p.9.
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streams, All features are topographically youthful, although those in
thewest show, in their greater complexity, a longer exposure to erosion.
The hills are steep-sided and the lowlands often undrained, Many of the
hollows have been filled with lacustrine sediments., It has been polnted
out that the moraines of Alberta contain very little cut-wash, "Kame
topography is rare and is umually well localized. Egkers, valley trains,
and glacial lake deltas are also rare."l/ A pitted ocutwash plain lies
to the west of Edmonton. It appeares as an accumilation of hills and
hollows riaing nearly 100 feet above the plain of the ground moraine,
Three types of glacial deposits are found, (1) terminal or end moraines
consiasting of unsorted till and boulder clay, (2) partly sorted material
and, (3) well sorted gravel, silt, sand and clay. The end moraines form
marked surface irregularities over the basin, A proiminent moraine, the
Viking, lies sast of Edmonton, Its hilly surfaces extend a considerable
distance soath. Moraines have been tuilt up aroand structural features
a8, for example, at the western end of the Milk River Bidge. Ome, eight
miles west of Cardston, stands 200 feet above the plain, The Mimsocuri
Cotean formed a barrier to the Westward movement of the ice and two pro-
minent terminal moraines are located there, one along the crest and ancther
a few miles to the west,

In some areas of eastern Alberta it is considered that moving lce
caused intense deformation of surface features, Tit Hills and Mad Buttes
show abnormal distortions of strata which are of surficial nature, "“If
the surficial nature of the distrubance is granted, the surficial nature
of the force and its direction lead naturally to the assamption that the
thrusting force was the great ice sheet, because it was the only com-
petent force, 2/

As the ice front retreated east across the plains, fiuvial and
lacustrine deposits were established beyond the retreating ice and in
the ice itself. Iakes were formed where the ice blecked sast-flowing
streams; Iake Magrath, in the southwest, was the firast of these. They
increased in size toward the east, the largest belng lakes Regina and
Agaseiz, Sediments were deposited in these, In englacial lakes fine
materials were gradually lowered on to the surface as the ice melted,
4A covering of lacustrine sediments, varying in depth from a few inches
to several feet, was formed over part of the morainic material. West of
Edmonton, six inches of lacustrine silt covers rolling morainic hills,
In other areas, morainic hills alternate with flat lacustirine basins,
This is typlcal topozraphy of the area between the North and the South
Saskatchewan rivers, In some areas, particularly to the south, ridges
of sand dunes mark successive ke shores formed during pauses in the
shrinkage of the post-glacial lakes, Today sand dune areas are found
scattered over the basin, They provide some relief especially in the
Great Sandhills, the most extensive of these dune regions. Beach ridges

1/ Bretz, J. Harlen., "Keewatin End Moraines in Alberta, Canada,"
Bulletin of the Geological Society of America, Volume 54, 1943, p.35.
2/ Hopkins, Oliver B,, "Some structural Features of the Plains Area
of Alberta Caused by Pleistocane Glaciation," Iilletin of the
Geological Society of America, Volume 34, 1923, p.h28,
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rise across the course of the lower Saskatchewan Biver in Manitoba. They
were formed by the retreating Iake Agassiz. Smaller sand deposits and
lenses in the till material resulted from some fluvial serting during
deposition,

The lakes have all ut disappeared, drained by an extensive system
of rivers which carried meltwater to the scuth, Iake remnants remain
as shallow, saline sloughs., lake Palkkowki and Manite Iake are good examples.
Some have shrunken to the size of their deeper depressions as in the case
of Iake Winnipeg, a remnant of the former lake Agassiz. Other lakes occupy
pertions of the old, abandoned channels of ancient streams, Many of the
present day lakes ocecupy depressions in the drift and have become the
receptacle for the drainage of adjoining high land. Some are spring fed.
Grassy Island Iake ani lake Newell are examples of these although the
latter now receives most of its supply from irrigation camals,

Evyidence of an inter and pest-glacial dralnage system is to de
found in the coulees which traverse pertions of the bagin in intricate
patterns, They provide a unique topographic feature with their bread,
flat-bottomed valleys, steep sides and truncated spurs. The valleys have
all the features of late mmturity but the Interfluves still retain the
convexity of youth, The valleys are shallow, Downcutting through the
older tills to bedrock had not advanced very far befors the scurce of
water supply was reduced, Today they remain as dry valleys or valleys which
carry, for part of thelr lengths, the small flow of the prairie streams.
Fortymile Coules in southern Alberta is one of these, It

leaves the valley of the South Sasiatchewan River north
of Burdett as a depression between three and four miles
wide, Three miles south of Burdett it contracts to one
mile in width and one and one-half miles further south
it is joined by a narrow valley from the west, with a
marshybottom ... Chin and Fortymile Coulses curve sast-
ward below this jJunction and finally bend ncrthward
forming Seven-persons Coulee, This is a valley mere ilan
one-half mile in width becoming shallewer to where it
widens out 12 miles southwest of Seven-persons town,
contiming as a wide shallow valley to Medicine Hat.l/

The preosent dralnage systems of the Saskatchewan river baslin are
8till badly disorganized., They reflect the varios geologic influmences
in the history of the basin, The main river flews in an easterly
direction and 1is consequent upon the slope of the land towards lake
Winnipeg, Discrepancies, however, do arise, W¥here the North Saskatchewan
River crosses the western limit of Laurentide moralnes, it swings sharply
northwest, Warren suggests that the northwest trending channel was pre-
bably produced by escaping meltwater from the large Clearwater glacial
lake.2/ As the drainage re-estahlished itself, the Nerth Saskatchewan
made use of this channel in forming its course. The river is later turned

1/ Williams, M,Y, and W.S, Dyer, "Geelegy of Scuthern Alberta and South-
western Saskatchewan," Memeoir ]63,Department of Mines, Ottawa pp.l1l07-108

2/ Uarren, P.W,, "The Drainage Pattern of Alberta., Trangactions of the
Boyal Canadian Institute, Volume 25, 1944, p.l0.
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from its northeast coarse by the Viking moraine, Moraines bordering the
lower course would indicate a similar influence, Over the Third Prairie
Plain the North Saskatchewan river flows in a narrow lower valley flanked by
a broad and steep-sided upper valley, After cutting through the hillse of
the Coteam, the upper valley drops considerably until, near its junctien
with the South Saskatchewan, the valley sides become rolling, comvex slopes,
The course of the South Saskatchewan, generally consequent, was deflected
by morainic barriers, This is seen where it turns north after traversing the
Missouri Coteau. OUn the Alberta Plain, the Scuth Sasimtchewan is generally
a youthful river. It flows in a steep-sided gorge which, at Medicine Hat,
is 250 feet deep, Thirty-five miles east, the depth increases to 500 feet.
This section is considered by Williams to be a re-exmavated preglacial
channel,l/

Several influences control the direction of the tributaries of both
the North and the South Saskatchewan, These have been discussed by Warren,Z2/
A vhysiographic control of stream pattern predcminates in the mountains
and in the vieinity of the residnal hills. The main streams emerge from
the foothills in wide walleys with well developed subaequent tributaries,
These tributaries indicate a lecal structural control.

On the prairies, streams seldom expose the underlying rock sc¢ structure
. has little influence on stream patterns. In the Red Deer basin the smaller
trivutaries and a portion of the main stream between Drumheller and Yardley
show the influence of a strctural control. They align themselves aleng

the longitudinal folds, flexures of the Rocky Mountain orogeny . Beyond
Drumheller, the influence of structure ceases and consequent stream develop=-
ment is fellewed,

Glacial features exercise conslderable control en stream patterns,
Moraines turn tributaries from general consequent directlons to flow .
north-south instead of in the usual east-west direction, Near the mountains
and over limited sections of the plains, streams occupy pre-glacial channels,
The course of the Bow River is largely preglacial, Iike the upper ceourse
of the North Sasiatchewan, the Red Deer, Oldman, and the Bow cut across the
general line of uplift and are antecedent to that uplift. They became re-
established in these caiirses in post-glaclial times,

For sections of thslr valleys, many modern streams occupy parts of
the old coulees, Battle River, for example, is a small stream occupying
a very wide valley, Streams like the Degpound, Sevempersons Creek, and
Fortymile Creek leck grotesquely small where their courses follow through
the wide coulses,

In the Saskatchewan section of the basin, similar features are seen.
Steep-sided arroyos, separated by extensive interfluve areas, result in
a8 coarse dissection pattern, Apart from the Seuth Saskatchewan river,
Permanent streams are few, Interler drainage predeminates.

y williaHSQ M.Yog 1to' Po?ao
y w&rran. Peweg oEL git.. pp.3-1"l'.



Between the Saskatchewan houndary and lake Winnipeg the delta area
is located. "In only rare instancesara there a prementory that rises mere
than a few feet above the level of the surreunding lands.®l/ The pend
areas of the delta is separated from the Saskatchewan FPlain by the Tobin
Rapids. The river chammel through the delta is very nnsta‘ble, and evidence
of numerous former channels is prevalent over the plains, At present
the main channel emptiea inte Cumberland lake which is rapidly silting up,
The Bigstone cuteff and Tearing River, both containing rapids, are cutlets
from Cumberland Lake. From where these Join the old channel of the Saskatchewan
River to The Pas, the river is broad, deep, and meandering, The lew, flat
iand is broken up by only a few ridges of doulder clay. Of these, the mest
prominent are lecated where the river cuts through at the Barriere belew
Tearing River and again at The Pas, In certain mecticns, ths river is
held to its course between levees, Generally it is sluggish and much of
the water is temperarily lest to the numercus backwaters and lskes adjacent
toe the main streanm,

G, The Vegetabion and Seils of the Sagiat River

The vegetatiop.—-2/ Major differences in natural vegetation through-
out the basin are a reflectien ef climatic differences. Coniferocus forests
predominate in the mountain sectlon where precipitatiem is higher and
temperatures, because ef altitude, are lower, Grove or dluffs of trees
slternate with areas of grass in the Parkland Belt.3/ This eccupies the
nerthern portion of the basin and is roughly coincident with the Nerth
Saskatenswan tridbutary basin, Rainfall is between 15 and 20 inches, and
temperatures are generally cooler than in the secuth, The scuthern pertien
of the basin is characterized by grasaland vegetatien, PFPreeipitatien
decraases from about 15 inches areund the grassland periphery te about ten
inches in the heart of the Palliser Triangle, @rassland deterierates frem
a luxuriant tali-grass prairie te an open stand of short-grass steppe. In
the east, the Saskatchewan River flews threugh an area dotted with lakes
and muskeg, Where these are not present, forest predeminates, Temperatures
in this eastern region are lewer, and precipitatien higher than in the west,

Within these bread groupings of plant formations, associations persist
under favorable local conditions. Areas of grassland extend into the FTeot-
hills and have resisted the encroachment of ferest vegetation., Grassland
is interspersed among the coniferous forest species of the nerthwest andg
appears te be a relic of more xeric conditiens, In the parkland, bluffs
wvhich are usually dominated by poplar, may alse contain spruces and tamarack
in wettar si.ss. The gonifers may be relicy of a molster period and have
persisted under faverable conditions., Although prairies are characteriastic
of the driar, southarn portien ef the basin, forest species are eften a '
characteristic of th® moister, nerth-facing slopes of the deeply incised rivers,

1/ Attwood, C.H,, The Water Resources of Maniteba, Maniteba Economic Survey
Baard, Winnipeg, 1938, p.52.

2/ Por further details regarding vegetation mee the section belew headed
"Hydrologic Regions within the Saskatchewan River Basin,."

3/ The term "bluff" appears to be local, referring to the small patches
of woodland appearing in an otherwise grassland area and usually occupying
the rough land or the depressiens,
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They are also found in the cculees, adjacent to the streams where the
water table is mach higher. In order that the distritution of gpecies
in the present plant commnities may be more fully understood, some
knowledge of the environmental history of the basin iz required.

The outstanding events influencing the present forest composition
were the advances and retreats of the Cordilleran and lLemrentide ice
sheets, As the “isconsiz}' or final advance began, "there is rsason to
believe that the talk of the tree vegetation was destroyed and was not
foreed south by the ice!_]j Contimzal re-establighment of epecies as the
ice advanced south, would not be rapid encugh and the winds of decreasing
relative humidity from the anticyclones over the glacliers would still
further discourage rapid plant retreat. In spite of these factors refugia
were established, areas where the more fortunate species, after migrating,
ware able to persist Along with those already established there, Within
the basin, refugia may have been established either on the higher residmal
blocks or in the inter-lobate areas. lodgepole pine (Pims c¢ontorta var,
latifolia), and associated specles are characteristic of the north-facing
slopes of the Cypress Hills, They form an ecological catlier from the
main region within the Bockies, one that may have survived the various ice
advances, Definite refugia were eatablished to the northwest and south of
the basin, The boreal refugia were located around the Bering Sea with an
extension into the Yokon. Both would contain certain rigid species, per-
manent fixtures in these regiona while other, more plastiec egpecies, ,womuld
advance south and east with the advent of more favorable conditions, Spruces
and tamarack (larix laricina) would be characteristic gpeciss from the
first center, trembdling aspen (P us tremloides), white birch (Betula
Papyrifera), lodgepole and pine and alpinefir {Abies lagiocarpa) from the
second., Typleal weet coast species were associated with a southern ex-
tension from the present Baring Sea area,

What Halliday and Brown call the Western refugia was “situated beyond
the former Cretacecus depregssion of the center of the continent and centered
on the Cordilleran land mass,"2/ As the ice melted, various plastic species
advanced into the present Sagkatchewan River Bagin from this location, In
migrating from dboth refugia, species encountered temporary, but significant
barriers, in the form of the post-glacial lakes across the region. The
migration of white spruce (Picea glauca), was channelled along certain lines
by the intervening lakes. Bog pollens tell the story of advance of the boreal
forest from the asouth, Such species as white spruce, black spruce (Picea .-
mariana), balsam fir (abies balgamea), and Jack pine (Pigus Bankisiana) were
associated with the firat advance, There is considerable evidence to support
the observation that a xeric period followed this first advance, as species
asgoclated with warmer and drier conditions have left pollen grains above
those of the first advance., Remnants of a more extensive grassland vegetation
are found in the northwestern portion of the basin, There was a swing back
to cooler and moister conditions later which resulted in a re-invasion of
some of the northern bogs and assoclated with them, spruce and fir.

In the sasternportion of the basin gome mspecies, such as eastern white

cedar (Thuja ogcidentalis), white elm (Ulmas americama), green ash

5y, Ha.luaa%; W.E.D. and A.W.A. Brown, #The Distrilation of Some Importaat
Forest Trees ia Canada," Ecology, Volume 24, 1943, p.355.

2/ Halliday, W.E.D. and A,W.A, Brown, op,cit,, P.355.
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Fraxims pennsylvapica var, lanceolata), and mountzin maple (ager spicatum),
migrated from the Appalachian refugia to this region. Those which are

able to withstand the colder winters of the northern portion of the basin
are still migrating west and north while others, like the turr ocak (Quercus
magrocarpa), are limited to the eastern portion of the basin,

It is considered that the forest rezions "are now possibly some-
what in the same positions as they were immediately preceding the oncoming
of the Wipconsin®l/ Glaciation has considerably modified the composition
of the vegetation, Many species have been eliminated so that today the
vegetation of the basin is comparatively simple, It is composed of & limited
mmber of species, In the climax forest association white spruce 1s considered
as the dominant species. Trembling aspen is the dominant species in the
parkland and is found associated with balsam poplar (I Ye
On the prairies, needlegrass (Siipa gp.) and grama grass (Boutelous gp.

have the most extensive development.

The soilg.- The moils of the Sasksmtchewan River Basin fall into
three broad groups. Mountain soils, reflecting all the complexities
of mountain regions, are characteristic of the western part of the basin,
They have been studied in the Kananaskis River area.2/ Climate and the
nature of the forest vegetation should result in the domination of pod-
zoligation but well developed profiles are difficult to find, Unconsolidated
sarface deposits are of recent origin and include glaclal till, transported
deposits of alluvial and lacustrine origin, and residual and sorted residual
deposits, In the lowland or valley bottom soils, there ia evidence of
new lamstrine materials deposited over previcusly well developed soil
profiles,

Most of the soil in the ares studied was developed over limestone
and this has a higher hums content than -adjacent soils derived from
grantie or sandstone, but podzolization has advanced farther on the
latter soils as they were less resistant to leaching, Soll textures are
fine tut the drainage is usually adequate, It is obmerved that there is
1lttle or no pan development to inhibit water movement through the profile,
and the rocky, porous nature of the glacial till permits the maximm water
infiltration, The soils are ideal for water storage, The following pofile
types have been identified within the area: (1) Allmvium, (2) Chernozem,
(gg Rendzina, (4) Brown Forest, (5) Podzols brown grey.3/ There is no
evidence of profile development in the allanvium,

A preliminary study of the soils of the upper Ghost and Red Deer
rivers has been made, Classification into the following categories is
baged on the nature of the parent rock material:

1. Bare rock and rocky alpine soils,
2. Residual solils with some profile development.
In these soils infiltration capacities are
L moderately high,

1/ Halliday, ®,E.D., "Climate, Soils and Forests of Canada®, Foresiry
Chronicle, Volume 26, 1950, p.292,

2} Crossley, D,I,, "The Soils of the Eananaskis Foreat Experiment Station
in the Sub-alpine Forest Region of Alberta," Silvigultural Regearch
Note Number 100, Ottawa, 1951,

3 Ibid., p.9. |
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(3) Coluvial soils. Detention storage in these is high.

(4) Ylacial soils other than glacio-fluvial, The great
depth, high water retention and storage capacities
of these soils make them valuable for watershed
mana.gement ,

(5) Alluvial and glacio—fluvial soils, The infiltration
and storage of these s0ils vary with the texture,

{6) Bog and marshland soils, These are of little use for
retention and do not play any part in regimen improvement,

The mature prairie asoils reflect a response to climate and veg-
station and may be grouped hroadly as solls developed under forest
cover, occupylng the northern and extreme eastern part of the basin,
and soils developed under grassland and occupying the remaining part
of the basin, The prairie soils include the brown soils (Chestmut)’
occupying the transitlon area are to the north and west of the Trimgle.
Yorth of these 1ie thes black solls (Chernozem), of the Parkland. The
forest soils consist of degraded black, occupying a transitlion zone to
the grey soils {Podzols) along the northern boundary of the basin and
coincident with the increase of conffers to the west, Grey soils, inter-
spersed with peat soils, are a characteristic of the western portion of
the prairies and the northeastern portion of the basin, Wooded Calcarecus
soils dominate in the Delta region.

Local variations in climate and vegetation introdnce regional
variations in the prevailing profiles.

The most arid section of the Brown soil Zone is
represented by local areas of Grey-Brown goils; transition
areas of mixed Brown-Dark Brown and Dark Brown-Black soils
occur along the northern borders of the main Zones of Brown
and Dark Brown soils resgpectively; cllmatic differences
within the Black Soil belt have been recognized by the areas
of Thin Black and Thick Black soils on the basis of the
differences in the sverage thickness of the A horizonms,
Finally, local elevations in all zones produce a succession
of so0il profiles representing vertical zonation.l/

The soils of the plalns are also modified in terms of the materials
of their origin, Soils have developed on the three types of unconsolidated
materials, residual, transported, and resorted or mixed. Residual soils,
formed from the weathering and decay of underlying rocks, are common
throughout the basin, In Alberta " they are formed from softer shale
formations, often of marine origin, containing soluble mineral impurities
like alkalies er alum¥2/ Transported soils consist of rock debris

1/ Mitchell, J, and H,C. Moss, "The Soils of the Canadian Section of the
Great Plains,® P;ogeegigg, So1l Science Socliety of America, 1948,
Volume 13, 1949, p.k34.

2/ Allan, J.A,, "Geology of Alberta Soils,® Report Namber 34, Research
Council of Alberta, 1943, p.64.
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transported mainly by ice, That from the pre-Cambrian Shield reached
Alherta from the northeast and consiats mainly of debris from pre-
Cambrian rocks, many of them high in potash, magnesia and alumina.

The debris left by the Cordilleran ice sheet consists largely of rock
from the mountains where limestones and doclomites predominate, Hence

the soils of Alberta differ particularly in mineral compositiom, accord-
ing to the source of the debris, Rivers moved the finer rock materials
down the surface slopes from west to east. Soils developed on alluvial
materials are widespread, especially on flats adjacent to the rivers and
in the lower Saskatchewan section, ILoessal cappings to various types of
soil profile are of local occurrence, Resorted or mixed solls are widely
distrituted tut are often 4ifficult to distinguigh from the older glacial
or alluvial soils,

Brown, dark brown and black soils are best developed on medium-—textured
glacial till, and lacustrine-alluvial deposits on well-dralned, gently-
sloping, upland sites, The structure is generally prismatic, In lower
and flatter localities sclonetz profiles cecur., In an extreme form these
develop into sterile "slick spots® or "blow ocuta™, Soils of the glacial
lake beds in Saskatchewan are developed in uniform heavy clay deposits
and have a cloddy, granular structure, Their recent origin may be a
factor accounting for the poor profile and strmicture development,

Degraded black soils appear to represent former black soll pro-
files of grasslands that have been under woodland for a sufficient period
to show asome stages of podzolic development. The grey wooded soils are
characterized by leached, ashy grey A2 horizons and heavy textured illuviated
B horizons, Associated with flat to depressicnal topograhy, poor drainage
and usually wet soil conditions are some intrazonmal scils like the peat
podzol, the meadow, and the peat soils.

D rol Rezlona wit the S t River B

General.~ The Saskaichewan River basin is subdivided into a mmber
of hydrologic regions based on major groupings of the various tributary
basing,l/ Some smaller and inland drainage basins have also been delineated,
Describing some of these river catchment areas as "basins" is a mimnomer,
Few of the tributary areas could be visualized asbasing from a physiographic
roint of view., Instead, they represent great undulating areas rising
imperceptidbly to indistinct water partings., Catchment boundaries are transition
areas from cne dralnage system to another, and the direction of runoff is
often adventitious. The term "basin®, however, is a convenient one and is
used with a redligzation of its limitations,

North Sagkatchewan rive in.- The basin extenis from the con~
tinental divide of the “ocky Mountains to the confluence of the NWorth and
South Saskatchewan rivers at The Forks, The major phsiographic regions are
included within its boundaries, The mountains, noted for their diversity
of glaciated scenery, form the upper catchment of the basin, The foothills

1/ The subdivision is a standard one, obiained from the Hydrology Division.
Prairie Farm Rehabilitation Administration, Regina, Saskatchewan,
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have a maximum relief of 2,000 feet and a local relief that ranges from
500 feet to 1,300 feet, Long strike ridges, formed on resistant sandstones
of the Cardium and Brazeau formations, are brcken by transverse valleys,
The Forth Sasimtchewan river follows an antecedent course across these,
Subgequent tribtutaries, developed along the stiike of softer shale, enter
the main rivers at right angles, "In many localities, where ths geology

is complicated by low dipping famlt planes, the topographic expression is
likewise more complex, Single ridges give way to maltiple ridges, and
straight ridges to arcunate ri_.dges.";/ The major portion of the catchment
is on the Alberta and Saskatchewan plains, those of the Third and Second
Prairie levels, respectively, Surface features are asscciated with the
aggradational foms of dlaciation. Recessional moraines, rising 200 or
300 feet above the plain surface, form the only noticeable relief
feature. In western Saskatchewan the Missouri Cotemi, at right angles

to the general basin trend, is a prominent relief feature, The Coteau, in
the north, is not as high as it is to the south, nor do the long, low
ridges rise abruptly from the plaine, Nevertheleas, it atill represents
a significant break in the plains'topogzraphy,

On the Alberta Plain, the major streams occupy well defined valleys,
which umally consist of two parts, The lower valley is comparatively
recent, and rises 100 to 200 feet above the stream bed, The upper part
slopes gently back towards the water divide of the interstream area,

The course of the North Saskatchewan river izmediately to the west of
Edmnonton has been d eseribed as follows:

From Berrymoor fepry east, the lower part of the Saskatchewan
valley is, on the average, wider than it is to the southwest,
There are mumercus large islands in the stream course and the
broad river terraces are common along the bottom of the valley.
The stream channel frequently changes its course through thsse
broad, low terraces, The meanders of the stream channel are
more abrupt than those in the valley, which averages one to
two miles in width.2/

On the Saskatchewan Flain the river flows between low banks from which
the land shelves back to the divide. There is no jonger a steep~sided
inner valley, The Battle river occupies a large tributary basin to the
south, For much of its course it flows through a geries of comlees,
The valley sides are steep and the valley floor flat and wide,

The vegetation of the North Saskatchewan Basin is predominantly
that of parkland. Boreal forest is found in the western prairies
and mountains, At higher levels, Engelmann spruce (Pigcea Enselmanni),
grows in pure or mixed stands, Its best growth is made on deep, rich,
loamy soils with a high moisture content. I1odgepole pine and alpine fir

1/ Scott, J C., “Folded. Fa.ults in tha Rocky Mountain Foothuls of Alberta.,
Ca.na.da.. _ : ol yoleun Gecl
Volumej5, 1951, . 2319.

2/ Butherford, R.IL,, "Geology of the Area Between the North Sagimtchewan
and Mcleod Rivers, Alberta," Geoclogical Survey Divigion, Report Bumber

19 Sciehtific and Industrial Researgh, 1928, p.67.
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(Abies Losiocarpa), are often associated with the spruce or themselves
form pure and mixed stands. Alpine fir grows as a stunted shrbd at very
high altitudes.

In the foothills and on the western plains, conifers occupy the
more favora‘ble locations, White spruce replaces Engelmann on the better
drained land. Black spruce and tamarack take possessiond the poorly
drained sites.

Beyond the forest lies the parkland. Some would regard this as &
climax assocation while others consider it as a transition from prairile
to boreal forest. Two characterlstic northern trees are present, white
spruce and black spruce, the former being well established along ravines,
the latter on mekeg, It 1s reasonable to regard the parkland as a
transition belt "where slight differences im soil, climate and topography
have allowed grassland to become invaded by northern vegetation, thesge
special conditiong giving preference to trembling agpen and members of
the willow family, and where conditions offer a suitable habitat, by
two characteristic trees of the northern forest."l/

Three associations are characteristic of the parkland, The "normal
poplar” stand consigts of dense clumps of aspen with which may be asscciated
other light demanding species sich as white birch, pin cherry (Prums
pennsylvanica), and balsam poplar. The "cpen poplar" association is common
on. sandy or gravelly soils. The poplars are widely spaced, short, and
branching. Willows (Salix Bebbiana), are often a secomdary species, The
third type is the "poplar-spruce" assoclation which may be regarded as a
climax and is developed where the spruce has sufficient pmtection from
fire, The poplar association has five well defined layexs.

i, Tall trees with a contimaous canopy.

2, Sma.ller trees apd larger shrubs - an intermittent iayer that
_ shows poorer development in the aspen consociation,

3. A lower shrub which is usnally inconspicucus except in the
late summer as it is somewhat obscured by members of the
next layer.

4, Taller herbs form a contimious stratum, and are prominent
in the latter part of the growing season,

5. Lower herbs which consist mainly of mosses and lichens.?/

Ecotone areas lie about the northern and southern boundaries of the
North Saskatchewan basin, In the south, aspen tends to invade and micceed

1/ Lewis, Francis J., Eleanor S, Dowding, and E.H, Moss, "The Vegetation
of Alberta, II The Swamp, Moor and Bog Forest 1"egeta.t:i.tm of Central
Albvertal, Jmml of Ecolezy, Volume 61, 1928, p,23..

2/ Moss, B H., "The Poplar Association and "Related Vogetation of Central

Alberta®, Journal of Foolozy, Volume 20, 1932, p.398.



prairie, White spruce is more ppominent in the north, Grasses cccupy

the area between the bluffs and form a closely knit mat, The most cammon
of these are awned wheat grass (Azropyron gubgecundum), slender wheat grass
(Agpopyron paucifiorum), fringed bromegrass (Brogmg Clliatus), and marsh
reedgrass (Calamagrostis canadensis). Special vegetation types are
associated with abnormal habitats. Muskeg fringes mumerous smll lakes,
Moss and aome conifers grow on some peat areas and are 2o similar te maskeg
that peat~bog and muskeg are almost synoncmous terms.]l/ The areas are very
noticeable as the wntrast between parkland trees and those of the muskeg
are very great, The transition zone is often only a few feet. The reed
swamp and the low moors of the parkland are other speelal typee, Reed
swampg occur next to the water and are surrcunded by low moor, the two
types frequently merging.

All the goil gzones except in the browmn preirie soil zone are represented
in the North Saskatchewan basin, The grey wooded soll 1s a characteristic
of the coniferous forest of the mountains and the western plains, The
surface horizon consists of a semi-decomposed leaf mould layer, a thin
A horigzon and a severely leached and platy A2 which has a depth of six
to eight inches. The B horlizonsxz are heavier textured, compact and darker
in color than the A horizon, A transition zone across the northern part
of the basin gorresponds to the vegetation ecotone where spruce is much
more prevalent, Black prairie soils are located in the heart of the basin,
These soils characterize the tre parkland region. The normal profile has
a black to a very dark brown A horizon that averages 12 to about 14 inches
in depth. The more compact B horlszon is brown to dark brown, A shallow black
soll zone lles across the southern part of the basin and is succeeded by
a dark brown zone, Although this area ig ealled the ghort grass region,
the growth is denge and taller grasses are found. The A horizon is about
seven inches in depth and isg dark brown in color, The B horizon is heavier
and is more campact than the A, I'a.rn practices and lumbering have modified
the vegetation and soil patterns. Grein growing predominates ut usually
as part of a mixed farming economy. Iumbering has made inroads in the
western coniferous forests of the plaing.

h Sagkatche 1 o~ Thig ¥ritutary basin includes
the headwater baging of the Red Deer, Bow, Olamen and St. Mary rivers,
It stretches from the main divide of the Rockies to The Forke., For same
distance toward the east, the northemm boundary of the basin mincides
with that of the North Sagkatchewan river, In eastern Alberta and western
Sagkatchewan a series of inland drainage basins later separates the two,
The largest of these inland areas from west toemst are the basins of
Sullivan leke, md Manito Ieke, Physiographically there is little to
distinguish ths inland drainage areas from the dasins to the north and
scath. The land surface is undulating, the moraines alternating with
drift or glaclo-fluvial lowlands, An area within the Manito basin has
been described as follows:

.The general effect of glaciation has been to

1/ Iewis, T.J. and E.A. Durwd.ing WiPhe Vegetation and Retrogressive Changes
of Peat Areas ("Maskegs®) in Central Alberta®, Jourmal of Eeology,
Volume 14, 1926, p.317.
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level the lowest areas and leave a wide plaim, This plaix
is by mo means uniformly level however, as it varlies com-
sideraly in elevatiom, amd it 1: cut up by many draimage
chanmels consisting of coulees... a good deal of the plaim
is rollimg im mature and im some parts it is quite hilly ...
formed by glacial deposits amd post glacial srosicm...l/

Prairie vegetation predominates in the inland drainsge region,
It is a short grase wegetation which is almost devoid of trees except
for those which fringe some of the rivers and lakes, _

Soils eonsist of both dark brown and brown soils, Grain growing
is the most important farming activity in the weatern part, but as pre-
cipitation decreases toward the east, it is replaced by ranching.

The basins of the Red Deer, the Bow, Oldman and the St, Mary head
high in the Rockies, Mountain, foothill, and plain are crossed before
the rivers flow into the Scuth Saskatchewan. This traverses the hillier
countyy of the Cotean then flows north on the Saskatchewan plain., The
alpine portion of the basin is gsimilar to that of the North Sagimtchewan
river, Features of glacial erosion predominate , valley sides are steep,
valley floors are littered with much glacial) debris. Stratified deposits
of valley train material are common on the valley floors, whereas lenases
of finer sands are varved clays suggest further fluvial and lacustrine
action, The main divide is much lower about the head of the Crowsnest
River, a tributary of the Oldman,

Foothills, consisting of altemating hard and soft bdands of
Cretacecus sediments, are mach more porminent in the northern part of
the basin than in the south, The Red Deer traverses a large trough
before entering the ridge and valley section of the foothills,2/ Glacial
materials floor the troagh and the valleys which run through the.foot-
hills, Into these the Red Deer has cut terraces,

Where the Bow river traverses the foothills between the Kananaskis
river Junction and Cochrane, three elemente in the relief may be observed.
The higher areas are broken into several ridges which frequently extend
for a considerable d.ista.nce northwest or southeast from the respective
sides of the Bow valley, Broad river or river-lake terraces _oceupy the
lower parts of the valley., These terraces were probably fo:med when the
Bow River was dammed at varicus times during glacial retreat. Morainal
material, 25 to 50 feet high stand as islands in the terraces. Several
small strea.ms disa.ppea.r on reaching these terraces because & the porous
nature of the material. The Third Level is that cut into the terraces by
the present Bow river., The Bow valley itself is probably preglacial,

From the St, Mary to the Oldman river there iz an absence of foot-
hills owing to the effective erosion of the lewls overthmaast. This

1/ Wyatt, F.A, and J,D. Newton, Soil Survey of the Scunding Creek Sheet,
The College of Agriculture, University of Alberta, Edmonton, Alberta,
P.2, 1927,

2/ ™he trough bas the appearance of a great graben and a tectonic origin
has been suggested. Famulting in the region hasg been observed.
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erosion in the eastern part of the overthrust block, in addition to pro-
ducing its oremalated edge, has left several isolated remmants east of
the main mass of the mountains. Chief Mountain is perhaps the best kmown
of these, From the main mountaln ranges, streams flow to the plains with
tut few interruptions.

The Red Deer, the Bow, and the Oldman rivers cross a portion of the
Albverta Flain to join the South Saskatchewan River, The Red Deer enters
the drift region with tut little change in direction., The valley is wide
and the banks are low until the town of Red Deer is reached. The valley
is preglacial and is little, if at all, entrenched in the oldland., Just
north of Red Deer the river swings to the gsoutheagt ard enters a mich more
confined valley with high banks and contimious exposures, For the most of
its lower course, the Red Deer flows in a gorge the sides of which get
higher as the river traverses first, the regidual area of the Wintering
and then the Hand Hills. Badland topography is a charscteristic of the sides,
Valleya of tributaries descend 250 to 300 feet to the Red Deer, The iteep
walls of the inner wvalley rige from a broad floor of catwash dedbris which,
in many areas, is half a mile wide. The Red Deer has entrenched itself 15
or 20 feet in an older flodplain and outwash deposits of clay, sand amd
gravel are & common occurrence. The upland is of rolling moraines and
till and is capped by yellowish, sllt clays which reach a maximum thickness
of 75 feet, RHesidual hills rise shove the glacial depositions.

The Bow river enters the high plains to the west of Calgary. The
rhysiographic history of the lower Bow is complex. Advamtes and retreats
of both Cordilleran and ILanrentide ice, and prolonged inter-glacial periods
all tend to complicate the pieture. Its lower course 13 gimilar to that
of the Red Deer river although topographical differences hetween upland
and river level are not as great,

The Oldman River from the west and the St, Mary from the southwest
Join near Iethbridge to flow east into the South Saskmtchewan river.
Postglacial disgection is limited to the major streams in their cutting
of major trenches, The ateep-walled valleys are clearly developed on a
mature land surface, Generally speaking the upland conslsts of a rolling
platean sloping northeastwards from the foothills of the Rocky Mountains
and dissected by rather intrieate stream systems, The glacial topography,
although modified by lacustrine deposition, is recagnizable in both end
noraine and ground moraine areas.

Moraine kmolls are sharply defined in all the areas of
end moraines and can be found at elevations up to 400 feet
in the Porcupine Hills,Southwest of the area, moraine forms,
unmodified by lacustrine deposition, are characterized by
steepsided knobs, ridges and basine with hundreds of lakes
and ponds, The initial glacial forms are essentially un-
modified over wide area ...1/

The South Saskatchewan river flows east through the hilly country
ag it spproaches the Coteau, Irregularities are probably due %o erosion,

1/ Horberg, Ieland, "Pleistocene Drift Sheets in the Lethbridge Region,
Alberta, Canada™, Journal of Geology, Volume 60, 1952, p.313.
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following the uplift of the Sweetgrass Arch, Moraines in the vicinity of
the Cotean tend to accentuate the rellef, At Medicine Hat the South
Sagkatehewan river is 250 feet below the upland surface. Thrity-five miles
below the e¢ity, the depth increases to 500 feet. The river is inget aboat
ten feet in the floor of this great gorge. The valley sides csist of
Bearpaw shales and are often characterized by badlands surfaces.

South of the river in Alberta, is an area of residual swells and &
great mumber of cculees, Shallow allksline lakes and dry conlees marke .
the drainage systems of the period at the end of the Pleistocene, Scuthern
Saskatchewan ie mainly flat or undulating, sloping towards the northeast,
The area consists of a series of morainic ridges deposited along the edge
of the till sheets. Intermorainic tracts of rolling till plain and level
lacustrine areas separate these., The Great Sandhills lake must have
occupied. the area between the (Cypress Hills and the river, This now
consigks of an extenslve area of sand dunes,

After the river crosses the Coteau, if flows north. The banks
gradually become lower and, beyond Saskatoon, they are little more than
low, sandy ridges. Moraines account for irregularities in a flat land
surface and are particularly prominent south of Prince Albert,

Conifercus forest, pa.rkland. and prairie are all found in the basin
of the South Saskatchewan river. Conflerocus forest is limited to the
nouhtain area, Species increage in varlety from north to south, Spruce
and lodgepole pine still dominate the forest types. Several zones of
vegetation have been recognized in the forests of Glacier National Park,
Montana.l/ The lowest zone is a transition one represented in the lower
foothills of the eastern slopes, Trembling aspen predominates ut often
the band is narrow, grasses extend to the mountain edge, and aspen form
a galeria vegetation along the waterways. Fingers of broadleaf trees
extend up the valleys of the coniferous forest areas., The next highest
and largest is the Camadian Zone which includes most of the foregted area
of the park except the narrow belt just below the barren, rocky peaks.
There is considerable overlapping at spruce, lodgepole pine and alpine
larch (larix 1yalli) are the domina.nt spscies, Just below the timberline
ig a very narrow belt, the Fadsonian Zone, usually recogniged by the
strictly alpine types of vegetation, Alpime larch, alpine fir (Abies

), and whitebark pine (Pims albicaulig) are characteristic.
It is the region of gnarled trees, the whitebark pine being described as
a stunted, much branched tree, often reduced to a sprawling shrudb growing
closa to the ground, Alpine meadows are interspersed with trees and serve
as a transition to the next zome, the Arctic-Alpine Zone which extends
from #iaberline to the tops of the highest peaks, Vegetation is dwarfed
and stunted and must resist the prolonged pericds of cold and the high
wind, There are no trees in the gone, tat there are several dwarfed
shrubs like the willow and the birch,

The vegetation of the plains section of the South Saskatchewan basin
has beendescribed as 4 mixed prairie.2/ It extends from the base of the

1/ Robinson, Donald H,, "Trees and Forest of Glacier National Park,*

Special Bulletin Mamber 4, Glacier Fatural History Association, Inc.,
West Glacier, Mont., 1950. PP.i-5.
2/ Coupla.nd, Robert T., "The Ecology of the Mixed Prairie in Capada,"

Ecolozical Monogryapha, Volume 20, 1950, p.273.
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foothiils beyond the eastern extension of the basin., Three main types are
found within the mixed prairie.l/ (1) The submontane mixed prairie dom-
inates the vegetation in reglons below the ledgepole pine forests and in
certain areas near the cdater margin of the mixed prairies, Rough fescue
(Fegtuca gcabrella) is the dominant grass in a fescue-catgrass (Danthonia)
agsociation. Aspen, rose (Rosa agloularig) and willow are sommon along
coulees and north-facing slopes. Pines form an ecotone between the grass—
land and the forest. The Submontane Mixed Prairie; is at an elevation where
summers are too short to permit grain growing, hence ranching predominates
as the main land use,

(2) The Mixed Prairie consists of both short and medium tall grasses
of the needlegrass - wheatgrass ~ grama grass association, Trees become
increasingly important in areasadacent to forest formations. Among the
widest distribution are roses, western snowberry (gymphoricarpog cceidentalis),
Willow, wild licorice (Glycyrrhiza lepidota), and trembling aspen. Several
modifications of the dominant commmunity exlst witBiIn the confines of the
nixed pralrie, .

(3) The Shortgrass Prairie occupies the driest areas of the basin;
It contains some of the species found in the Mixed Prairie area btut the
dominants are needlegrass and grama grass. Blue grams grass (Boutelous
gracilig) accounta for a quarter to two-thirds of the basal grass coverage.
It grows in agsociation with variable amounts of other grass species which
may or may not be relatively sparse, There are several subdominant species,
both grasses and sedges, their occurrence varying with slope, exposure, and
degree of salinity of solls, 4 mumber of herbs and shmbs, many of then
xerophytic, are found associated with the shortgrass region. These include
some sacculents like prickly pear cactus (Opuntia polyacanthal), and various

sages (Artemigia gp.).

Grassland is a vegetational response to drier habitat conditions,
Within the grasslands of the pasin there are differences in the assoclatlons
reflecting irregularities in the habitat. There is a marked change in grass-
land composition across the soll color zones. A topographic relationship is
seen in the increase in blue grama grass and speargrass (Stipa Comata) and
other needlegrass species on the steeper and drier scath-facing slopes. The
north=facing slopes in the Dark Brown soil zone have a considerable coverage
of fescue grasses, Fescue is charscteristic of the benchlands of the Cypress
Hille and in the aspen groves of the northern part of the basin, In the Cypress
Hills, it is considered as a subélimmx to lodgepole pine which occupies the
high tableland. In the parkland it is a postclimax to the aspen commanity.2/

The vegetation of the large areas of sand dune show certain differ-
ences within the grassland and parkland formatlions. A shortage of water
coapled withla._d.ifferent soll type are the dominating factors. Any slight

1/ Clarke, S.E, and J,A, Campbell, "An Ecological and Grazing Capacity
Study of the Native Grasg Pastures in Southern Alberta, Sasimtchewan
and Manitcba," DPablicatiop Namber 738, Division of Forage Crops, Swift
Current, Sask., 1942, pp.%-l15.

2/ Coupland, R.T, and T, Brayshaw, "Fescue Grasses of Saskatchewan," Egolozy,
Volume 34, 1953, pp.386-405,
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change in elevation or in amcunt of exposure may result in striking
contrasts in vegetation, The vegetation of the sand dunes south of
Edmontor have been described as follows: "The summita of the sarroand-
ing hills are practicslly barren, with a few old pines badly infected
with Arceuthobium, a carpet of lichens and mosses under their shade,

and a scattering of xerophytic grasses and flowering plants on the cpen
ground,")/ The sand dunes of the grassland region have a vegetation cover
thet waries with the depth of the water table, On the exposed slopes,
speargrass predominates, The undulating to gently rolling areas between
the stabilized dunes are often dominated by shrubs, and grasses are common
in a lower layer of vegetation. On bare sand, sand dock, (Bumex venosus)
is the pionmeer, On the lee slopes, shrubs and occasionally trees, dom-
inste, balsam poplar being adapted to the habitat since it can withstand
considerable burial by the sand.

Brown Prairie soll is the predominating type in the Scuth Saskatchewan
Bagin, Narrow bands of dark brown, shallow black and grey wooded solile are
found in the west, The brown soil develops under the mixed prairie vegetation,
In the normal profile the surface horizon is about five Inches deep and brown
in color, The B horizon is ilight brown and makes up aboat 20 to 24 inches
of the profile below which lies the parent material, usually glacial till,

Within this broad soll zone there are many variations. These are
mainly determined by the nature of the underlying materials, Iand use
varies throughout the region and only the heavier-textured lacustrine soils
are suitable for arable farming., Generally, where preclpitation is insufficient
for the latter, ranching is the common form of land use,

The Lower Saslatchewan river basip.- The lower basin, between The Forks
and lake Winnipeg, occupies a muich smaller area than does either of its two
major tributaries, For a short distance the Saskmtchewan river flows east
over the Sagkatchewan plain, The banks are low and the land slopes dback
gradually to the water divides, A short /distance downatream from Nipawin,
the Manitoba Escarpment is reached, This prominent relief feature is
gtructural in origin and separates the Saskatchewan plain from the Manitoba
plain, Viewed from the west, there 1s little relief but from the east,
slopes are steep, descending to the Pirst Prairie level, Down this step
the river descends in a geries of rapids called the Tobin Rapids., To the
saath, overlooking the Carrot river, lie the Pasquia hills, with rugged
relief resulting from the deposition of mich moraine during the waning of
the ice front, To the north of the river lies the Canadian Shield,

The Saskatchewan river, after descendiing the rapids, flows over the
Manitoba lowland., Many lakes occupy this area and these may be regarded
as modern remants of the glacial Iake Agassiz which occapled all of the
lowland and adjacent portions of the Shield, As the ice retreated, the
lake was formed. It extended from the ice barrier in the east almost to
Prince Albert and, at first, the Saskatchewan River drained via the Qu'Appelle
River, As the lake decreased in size it left ridges of sand and gravel which
today are prominent rellef features, The Saskatchewan river scoured an catlet

1/ Dowding, Eleanor S., "The Vegetation of Alberta, III Sandhill Areas of
Central Alberta ,..", Journal of Ecology, Volume 17, 1929, p.88.
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to Lake Agassiz through these ridges. As the lake receded, smaller remnants
remained and into these the river flowed, building ot deltas so that

delta sediments are a chavacteristic of the area along the lower course

of this river.

Fumeroas moraines were crossed, These often formed temporary blacks
and one now forms the eastern boundary to Cumberland leke, It has an
uneven summit and morainic deposits of varying thickness are heaped upon
the comparatively even floor of limestone material, The Saskatchewan River
flows through the lowest gap.

Below The Pas the river has the character of a great estuary which
it has gradna.lly filled, Low, flat land is broken by a few ridges of
boulder clay. For mich of its course, the river is above the level of
the land, It is confined between natural leveews, tut it periodically
overflows and floods the adjoining land, Between Cedar lake and lake
Winnipeg, the Flylng Post Rapids are located.

The vegetation of the lower Saskatchewan ig included in what has
been called the Mixed Wood Belt, distinct from the coniferous forest
region to the north,l/ It is an ecotone between the parkland and the
coniferozs forest. Both coniferous forest and broadleaf forest species
predominate, The poplar-spruce is the moast common on the Manitoba low=-

lands and is associated with Jack pine (Pimms Banksiana) on the limestone
outcrops and hur oak (%ercus mrm) on the southern beaches of the

basin, On poorly drained areas tamarack and black spruce are common trees.
Gragses, particularly the more hygrcphytic sedges (Carex sp,) occupy large
areas that are periodically imindated,

Soils in the region are intrazonal, developed on a high lime base,
Grey wooded soils, the normal type for such a region are the exception
here, The soil profile is very shallow and is characterized by mch
leaching and a dark colored surface horizon which is finely gramlar and
friable, developed over a marly lime accumlation of rather crumbly
conalstency,

CEAPTIR 2, THR CLIMATE OF THE SASKATCHEWAN RIVER BASTN
A, INTRODUCTION

Climatic elements play an important role in determining the supply
and availability of water in the Saskatchewan river basin, Of these,
the nature of the: precipitation in its amount, frequency, form and
distrimtion, is perhaps the most significant. In winter, precipitation
is principally in the form of snow, Both this form and its release as
runoff are & function of temperature. The delay in release is an important
hydreological fact, In the winter, potential runoff may be considerably
reduced by sublimation from the mow surface; in the summer by evaporation
from the meltwater. .

1/ Patnam, Donald P., ed., op, ¢it., p.352.



Moat of the Sagkatchewan river basin lies within one broad climatic
region, which has been loosely called the Smthern.Pm.iriea.y The region
xtends beyond the basin in all directions except on the west, where it
is bounded by the Scathern Interior Valleys region, Kbppen, more specifically,
inoludes the basin within three separate climatic regions, (1) the Hamid
Microtherml, Dfc, with cool, short summers, (2) the Semiarid, BSk'w, with
cool summers and & summer rain period, and (3) the Humid Microthermal, Dfb,
with cool But longer summers than in the Dfe region.2/

Phree basic factors are of major importance in considering the climate
of the basin, the latitude, the interior locatlion and the topographic re-
lationships, The latitudinal extent of the basin is from 48 degrees 30'N
to 54 degrees N, In these latitudes, the intensity of direct sunlight is
never great, the zenithal altitude of the sun ranging from 18 degrees in
December to 66 degrees in June.,3/ The hours of sunlight, however, are
greatly extended during the high sun period, being twice as great in June
as they are in December when only 7.92 hours of sunshine are posaible on
the 2lst day of the month._ig/ The great range in golar radiation domlnates the
course of the seasons,

The main tributaries of the Saskatchewan river bave their lmrcea'n.long
the western border of Albderta, 450 to 500 miles from the Pacific coast.
They flow east,deeper into the heart of the continent, Continentality -
characterizes the climate, Seasonal temperature ranges, already zreat as a
vesuit of the latifudinal control of insolation, are accentuated. 1In the
southwest, where the mountains are the lowest, the mean anmial range is
about 55 degrees ¥, In the eastern portion of the basin, the mean anmal
range is 74 degrees F.5/ Another characteristic of the interior location
is the relative decrease in precipitation, Absolute mmidity decreases as
air massaes lose their moisture in moving towards the interior of the con-
tinent, The precipitatlion potential is eorrespondingly reduced.

The third important control of the climate is topographic., Immedlately
to the west of the basin,and athwart the direction of westerly air movement,
lie the cordilleraa of the Rocky Mountaln system, Within these ranges many
peaks are over 10,000 feet high, DPasses, like the Crowsnest and the Kicking
Horse, 4,450 feet and 5,339 feet in elevation respectively, are ineffective
a3 routeways for Pacific air, The Rocky Mountains form an effective barrier,
shutting out the marine influnences that might have an ameliorating effect

i/ Connor, A,J., The Cannda Yearbock, Dominion Bureau of Statistics, Ottawa,
19“'8"1%99 poa’zn_

2/ Képpen, W., Die Klimate Der Erde, Berlin, 1923, Tafel, 1,

3/ Thomas, Morley K., The Climatolosical Atlas of Canada, Meteorological
Division, Department of Transport, Ottawa, 1953, pp.185-186,

4 Koeppe, Clarence E., The Canadian Climate, Bloomington, Illinois, 1931,

P.3.
5/ Glimatelogical statistizs, unless otherwise stated, are taken either from

The Climntic Summarigs of Selegted Meteorolozical Stations in Canada,
Newfoandiand, and Iabrador, Volume I or The Climatolozical Atlas of Canada,

prepared by Morley K, Thomas, Both were published by the Meteorological
Division, Department of Transport, Ottawa, 1948 and 1953, respectively.
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on the climate of the basin., To this circumstance, more than to any other,
is attributable the low precipitation of the pra.irie area, Mogt of the
Sagkntchewan river basin is an area of rain shadow, Average precipitation
totals are about 15 inches, Only in the headwater regions on the eastern
slopes of the Rockies, is there an increase where clouds, trailing over
the main divide, bring sufficient precipitation to raise the totals to
20 inches in the valleys and to higher amcunts towards the crests,

Northwest of the Saskatchewan watershed, the Rockles are considerably
lower, Peaks in the neighborhood of 5.000 feet are common, and maximmm
elevations are séld~m over 8,000 feet, Pine Pasas, which the newly con-
structed Hart Highway traveraes in crossing the main dividey is btaut 2,850
feet above sea level, This low section of the Rocikcles does provide a some-
what circuitoas routeway for Pacificair masses entering the prairie regiom,

Three types of air masses influence the climate of the basin, All
have their distinctive source regiona and all are consideradly modified
by the time they reach thé area under conmsideration, Summer and winter
airmass infuences differ in intensity and frequeney. Those of summer are
described in ths following quotatiom:

To the Canadian plains ... there is normmlly in summer an
inflow of (a) dry, cool air which forme the western fringe of the
polar-basin air on the Canadlan Shield ut whichacomes warmer
as it advances, (b) of Northern Pacific air which, getting
acrosg the mountain system, has carried with it little of the
moisture originally present in the lower layers, (c) of air,
heated on the continent and moving north.l/

The area of dlscontimiity between the modified polar and troplcal
alr magses is that in which the belt of precipitation is likely to de
found., In & normal year, the prairie section of the basin received rain
in summer from thie source after which the frontal area moves north and
disappears as the tropical air is further modified, There are many varlants
to this movement, If the tropical air is less active,it will not push far
enough north, The basin then has a cool tut dry summer, If the air masses
meet and a statlonary front is developed over the basin, the area then has
a relatively wet summer, Again,the frontal surface between the conflicting
alr masges may be carried rapldly north bringing but a drief period of rain
to the basin, If the Facific air becomes particularly vigorous in summer,
it results in cool but dry conditions over the basin, Under these cir-
cunstances the droughts of summer are established. The character of the
prairie summer is, therefore, extremely variable from year to year and is
dependent upon the trends established by the dominating air masses,

It 18 usually not until the early autumm that the influences of
Pacific air become a major factor in the region, Associated with the
coastal storms, vigorcus systems push over the mountaing in the low area
of the main divide, drive a wedge between the cold polar air in the
Mackengie basin and the retreating tropical air, and drift southward over

1/ Comnor, A.J., "The Climates of North America,® Hangbuch der Klimatologie,
Berlin, 1938, p.347.
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Alberta, Indian summer, associated with the warm dry air, persists as
long, and as far east, as these influences are felt,

Cold spells in winter are canged by cutbreaks of polar alr, If these
advance south from the Mackenzie Basin, temperatures may drop to -45 degrees
or lower, Sometimes the polar air moves sonthward by way of the North Pacific
Ocean and enters ths pralries after considerable warming. “There are cases
where such a wmonth has averaged more than 25 degrees F,warmer than & normal winter
over a large area in Alberta, and 10 degrees F, or more warmer over the
remainder of the Pacific.“}/

In some winter months this polar alr stretches from the Arctic to
Faudson Bay, Then the Eagtern prairies have cold winters, tut Alberta is
fed by warmed returning polar air from the ascutheast, or by Pacific polar
air from the west and northwest, Conziderable gir'mse variety is possible
in one year and from year to year, The variety possible increases towards
the western edge of the prairie portion of the basin, The Saskatchewan
and Manitoba sections are more regularly under the polar influences, By
April, polar air still dominates, but the effects of the tropical con-
tinental air are beginning to be felt as the Gulf air pushes north.2/

Over most of the basin, elevations are detween 1,500 and 2,500 feet,
Any climatic effects resulting from differences in altitude are of minor
importance, On the high plains, the foothills and in the mountains, de~
creases in tempsrature are attributable to the higher elevations. Rocky
Mountain House and Pincher Greek are about 3,500 feet above gea level,
Nordegg and Banff are 4,500 feet above sea level, and lake Louise 5,000
feet. Temperatures at thessge stations are lower than those of the adjacent
plains,

The situation of the Saskatchewan river basin resalits in its being
under the influence of the climatic controls cutlined above, Preamre
differences are also important in establishing gradients condicive to
the movement ofaiyr masses but as thelir hydrologic effects are experienced
Indirectly through the air masseas, they have not been analyzed here,
Other influences on climate such as the cold alr drainage to hollows,
warmer and drier conditions on southfacing slopes, and the reduction of
frogt dammgs in areas of constant air movement, are all factors of local
importance,

B. Precipitation ani Temperature

A large portion of the Sasimtchewan river basin is classified as
either dry sublumid or semi-arid.3/ Average anmal pregipitation is

Y The Canada Yearbook, 1948-19549. Ottawa, ¢p, git., P.50.

2/ Rheumer, G,H,, Climate and Climatic Rezicns of Western Canada, Un-
published Ph,D, Dissertation, Univer-ity of Illinois, Urbana, Illinoils,
1953.

3/ Sanderson, Marie, "The Glim.tes of Canada according to the New Thorn-
thwaite Gla.ssification" Sciegtific Agriculture, Volume 28, 1948,
Figure 6, facing p.514.
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generally between ten inches and 20 inches,

West of the driest region, which may be identified as the brown

soll zone, average anmal precipifation increases rapidly to about 20
inches, At lake Louise, the average ammal precipitation is 23,83 inches,
¥ordezg, in the northemrn portion of the mounta.ins hag an average anmial
precipitation of 21 inches, Banff has 19,16 inches, ,and Babb, in Montana,
has 19.43 inches,l/ Calgary, on the high plains, east of the mountains,
has an average anmial precipitation of 16,65 inches, East of this léeation,
totals decreage to ten inches in parts of the hrown soil zone,

Qufte a proportion of the total precipitation is in the form of
snow; the higher the elevation, the greater the proportion, 2/ At lake
Louise, the anowfall is 59 per cent, at Banff, 41 per cent and at Nordegg,
38 per cent of the anmal precipitatien,

In the northern part of the Saskatchewan river basin, the average
anmal precipitation varies, increasing generally towards the socuth
and west., At Rocky Mountain House, at about the same elevation as Calgary,
average anmal precipitation is 19.13 inches, At Edmouton it is 17,38 inches,
Precipitation deereases towards the sapt so that at Battleford only 13.14
inches are recorded.

Average anmal snowfall and its percentage of the total precipitation,
decrease away from the mountains, At most statioms 40 to 50 inches of snow
are redorded, about 30 per cent of the total precipitation, At Battleford
only 28 inches of actua) snow are recorded, 21 per cent of the total pre-
cipitation. This lower figure for Battieford,may, in part, be due to the
sltuation of the recording station in the more sheltered wvalley of the
North Saskatchewan River., At Prince Albert, near The ¥orka, both total
precipitation and snowfall increase again to 16,11 inches and 51.5 inches
roespectively,

1/ These data are long-term averages, Precipitation in excess of 60
inches has been measured in the mountains at the western extremity of
the Basin, In fact, in the back range locations, 40 inches to 60
inches annually would be nommal, In isolated spots precipitation may
exceed 100 inches, Since there is very little evapo-transpiration at
these altitudea, almost all the precipitation is net, and is therefore
available to the drainage system, See Iaycock, A.H,, Precipitation _
and Stream Flow in the Mountain and Foothill Regions of the Saskatchewan
RBiver Basin, Prairie Farm Rehabllitation Admin,, Regina, in pricess,
to be puslidhed probably in 1956, )

2] Total precipitation is made up of the rainfall to which is added the
water equivalent of the snowfall and all other forms of frogen pre-
cipitation, ¥or this camputation, ten inches of freshly fallen
snow are considered as having an average water squivalent of one inch,
Ciimatiec Summaries for Selected Meteorological Stations in the

Dominion of Canada, Canada, Volume 1, Toronto, Ontario, p.l
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The region of the South Saskatchewan river may be subdivided into
three distinct sections, In the scuthwest, from Cowley to Cardston,
average anmial precipitation is about 20 inches, At lethbridge the
total has decreased to 15 inches anmially; while in a line from Medicine
Hat to Swift Current, the second subregion 1s distinguishable with an
average anmial precipitation near 12 inches,

South of this area, straddling the Alberta-Sasimichewan boundary,
iie the Cypress Hills, Although they appear more as & gentle swell tlan
as a digstinctive landscape feature, thelr elevations, between 3,500 feet
and 4,800 feet, are sufficient to induce orographic rain, Anmual pre-
cipitation inereases ih this southern section to 17 inches, ¥rom The Forks
to lLake Winnipeg, anmual precipitation is about 15 inches. The percentage
of this that is snowfall appears to increase from about 25 per cent at
Melfoié , to 29 per cent at The FPas,

A characteristic of precipitation in the prairies is the great
variation possible from year to year, This is a natural result of the
complexity of the climatic controls, " A nice balance between the
momenta of the southern and northern air masses mmst exist if raln of
a moderate to heavy gmahtity is to £all,l/ When this balance is . upaset
variations from the average occurt

G-eméra.lly gpeaking, mean anmal temperature decreases from south
to north Because of the inconsistencies in climatic controls, variation
from this simple pattern is to be expected. On the prairie section, the
isotherms are oriented east-west, a patterm which may be considered as
normal for the basin, Mean anmal temperatures decrease from 42 degrees I,
at Medicine Hat, in southern Alberta, to 33 degrees F. at Lloydminster,
in the North Saskatchewan basin, Calgary, located near the western extremity
of the prairies, has a mean anmal temperature of 38 degrees ¥, Outlook,
at about the same Ilatitude in central Saskatchewan, has a mean anmal
temperature of 37 degrees F,

Along the western border of the basin, in the mountainous section,
isotherms swing sharply southward. Negative temperature anamalies,
resulting from the increasing altitude become apparent, Banff and Lake
Louise have mean annual temperatures of 36 degrees F, and 31 degrees F
respectively. In the northwest, centering on Edmonton, and in the extrame
southwest, positive temperature anomalies are found. Edmonton has a
mean anmual temperature of 37 degrees F, four degrees higher than that of
Lloydminster to the east, Less spectacular than the northern swing of
isotherms in the northwest, is the swing from the southwest again indicating
a positive anomaly, This warmer air may have drifted in from the Pacifie
over the lower section of the RHockies in northern Alberta, or it may be
alr that was forced to rise in order to oross the higher Rockies, The
Plus anomaly at the base of the Rocky Mountains is related to the warming
of Pacific air by loss of molsture and descent to the plains,

In the east and northeastern portions of the basin, the isotherms
are oriented towards the southeast, paralleling the path most frequently

1/ HBurd, W. Burton and 7.¥, Grindley, op, ¢it., p.b.
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followd b,-{r Polar air masses. Saskatoon has a mean anmal temperature of 34
degrees F,, Melfért,on the Carrot River, 33 degrees F., and The Pas, in
Manitoba, has 31 legrees ¥,

C. The C ic Regl

General .- For purposes of further analysls of temperature and precipltatién
statistics, 1t 1is convenient to subdivide the basin into a mmber of regiomns.

The mountain and foothill region.~ This is the region of heaviest
precipitation within the basin, Anmual and seasonal precipitation varles

considerably, reflecting the great diversity of relief. Valley areas
receive the least direct precipitation; Engtern slopes often receive
heavier precipitation than the western slopes as thege latter ars usually
gsheltered by the higher ranges.}/ Orographic precipitation is the most -
type although precipitation may be frontal in mature, intensified by
orographic uplift. In the late summer and autumn, Katabatic winds, rolling
down the yalleys from the cooler uplands, force the warmer alr to rise,
inducing convectional currents and resulting in comvectional ralm of high
intensity. Frontal preciplitation is more typlcal of winter tlan of summer
and eomes ugually in the form of snow, Precipitation, gensrally, is lighter
but i% more prolonged in the mountains than on the prairies, Because of
topographic modification, its distribution is patchy.

Precipitation regimes show certain droad characteristics., Iake lLouise,
located near a pass 1n the main divide, is more typlical of the British
Columbia type regimen, Maximum precipitation occurs in the months of
November, December and January, and only 25 per cent falls in the three
summer months, There is a secondary peak in the month of June, Farther
eagt of the main divide regimes approach those of the prairies, Pre-
cipitation maxima are concentrated in the three summer months of June,
July and August. At Nordegg, Banff and Babb percentage concentration of
precipitation varies f#mm 48 to 37 per cent, Throughout the rest of the
year precipitation averages about an inch a month, In November, December
and January the totals are the lowest for the year,

The variability of precipitation is less in thisg region than it is
on the plains, At Banff it is about 48 per cent.2/ Within the region
possible variations from the mean are greatest during the winter, the period
of minimum precipitation, but at this time variations of precipitation will
have little effect on stream flow,

From November to March 90 per cent of the average monthly precipitation
is in the form of snow, From September on appreciadble quantities of snow

1/ Over 100 precipitation gauges (Sacramento Type "A"), have been installed
in the Rocky Mountaing National Porest. The observations are being used
in a microclimatic study for watershed management,

2/ Mean, maximum and minimm precipitation figures are taken from EKoeppe,
Clarence E,, op, cit. pp.256,257,261 and 263,
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falls, the average amount decreasing from north to south, Again in April
and May some gnow is recorded. It is over 90 per cent of the total pre-
cipitation, ¥ovember to March inclusive, at Nordegg, 79 per cent at lake
Louise, and 69 per cent at Banff,

Hence, unless there is some melting, streams in the mountain area
will receive little surface replenishment during the winter months, Ralin-_
fall is low, Small diurnal fluctuations result from the melting, and minimm
flow under the ice is maintained in the larger streams from ground-water,
Summer months are those of maximum fiow when both the winter snow melts
and the summer rainfall is collected aszs runoff., The rainfall totalw for
June, July and August are the highest in the basin,

Average annual and monthly temperatures are lower than those on the
prairies, a remult of the higher altitude. A meteorological station is
located near the main divide at lake lLouise, which has average monthly
temperatures from 4 degrees F, in January to 54 degrees F. in July, These
may be regarded as typical for most of the upper Bow valley. FPeaks
rising to 10,000 feet on either side of the valley have appreciably lower
monthly temperatures. The anmual range of temperature at lake Loulase is SO
degrees F, The average daily maximum temperatures in July and January are
71 and 36 degrees F,, respectively, The average dally minimum for the same
two month are 36 degrees R and -8 degrees F, Since extremes will be less
conservative, it may be said that freezing temperatures are poasible in
any months at these altitudes,

Nordegg, Banff and Babb are recording stations at lower elevatioms
but still in the mountaine, They are all located at andevation of about
L,500 feet in the northern, central and southern portions of the region
respectively, Temperatures increase with the decrease of latitude. The
monthly average temperatures for July are 55 degrees F at Nordegg, 58
degrees ¥ at Banff, and 60 degrees F, at Babb,l/ For January, the minimtim
month, the average monthly temperatures are 12 degrees ¥, at Nordegg, 13
degrees F, at Banff, and 18 degrees F. at Babb. Anmual temperatures are
about the same tut all are lower than that of lake Louise, Below freezing
temperatures are of no hydrologic significance in the three gummer months
of June, July and August, -

Within the mountains, mid-October and April are the first and last
months of appreciable snowfall. During each of these months the critical
average tempsratures are about 32 degrees ¥, Early or late freeze-ups and
thaws will depend on the vafiations about this figure, The thaw period
wegin: later in the mountains than on the prairies., Through November to
March, the average dally maximm temperatures are below freezing and,
although extreme temperatures may climb as high as 50 degrees F, there are
few sustained periods of snow mell, Stream flow under ice is low,

late spring is the period of thaw., Then snow and glacial ice melt
on all but the highest and north-facing slopes and augment the prairie
flow ¢ streams already swollen with summer rain,

1/ The Climatological statistics for Babb were obtained from Ciimate and
Man, The Yearbook of Azpieulture, Washingtom, D,C., 1941, p.956.
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Variations in the contribution of glacial meltwater to stream flow
igs a function of the temperature, The importance of the contribution,
particularly of the Columbia Icefield, is relative. In spring and early
gurmer, sow melt and rainfall maintain a satisfactory level in streanms,
The contribdution from the glaciers is of little consequence. In the
wetter summers, when there is sufficient water in thes major streams, the
percentage of flow that is glacial meltwater is very small, The contri-
bution does become of mch greater importance in the latter part of a
normal swerer and in a dry year, Then two factors combine to increase
significantly the importance of the glaciers! contribmtions. First, there
is a relative increase in the meltwater as river flow from precipitation
gources is so much less than nomal. Secondly, there is an absolute in-
crease in the volume of meltwater, Dry summefs areusually hot summers so
that melting is much greater. A considerable diurnal variation may be
noted, especially from the socuth-facing siopes. This 1s a function of
daily maximum and daily minimum temperatures.

The North Saskathcewan region.~ The north ig the more lmmid part of
the prairies., Temperatures are lower and the precipitation higher and .

more effective. Frontal precipitation is typical, Rain, of moderate
intensity, falls for longer periods than in other parts of the prairies.
In winter snowfall replaces the rain. Convectional rain is associated with
summer precipitation and, because this is much heavier than the frontal,
1ts contribution to the anmial totals is more important than the frequency
would suggesat.

Average anmal precipitation decreases away from the mountains,
Regimes are similar across the north, Yebruary is the month of minisum
precipitation, Jans the month of maximm, The five stations selected have
& typlical prairie regime with the maximum concentration of precipitation
in the summer months, From Rocky Mountain House in western Alberta to Prince
Albert in central Saskatchewan the stations vary from 43 per cent to 51
Per cent in their summer concentrations of average anmal precipitation,
This type of regime is of maximum benefit to farmers who are predominantly
engaged in grain growing.

Precipitation on the prairies is much more variable than it is in
the mountains, Monthly rainfall totals may be as high as three times the
average in November and Decemder at Edmonton, and twice as high as Prince
Albert, Summer precipitation is more reliable than that of winter. The
variation from the mean increases from weat to east.

Ag in the mountaina, snow forms the tulk of winter precipitation.
In November it is about 90 per cent of average monthly precipitation
in the northern part of the basin, It is not until April that the per-
contage of snow to total precipitation drops to about 50 per cent, In
spite of these high percentages it mist be remembered that the total pre-
cipitation is at a minimum so that actual inches of anow are generally
about five Inches for each of the winter months. Only at Rocky Mountain
House is this figure exceeded., Except in more favorable years this snow
accumilates apd lies through the winter,

Precipitation over the northern portion of the basin adds to the flow
of the North Saskatchewan river particularly in the early summer, Prairie
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tributaries are minor streams by comparison, Their major flowsare in the
early sammer months when surface runcff, as well as groundwater flow, is
available, Because of the greater variability of precipitation on the
plains, the variation in ths coniributions of the tributaries to the

North Saskatchewan's flow makes for considerable variations in the normal
regimen, Both precipitation and stream flow are more reliable in the source
region of the mountains and predictions of flow, once the river has crossed
the prairies, are much more difficuilt.

In a study of the temperature characteristips of this northern section
of the basin two sub-reglons are distinguishable on the basis of anmual
temperatures. Average monthly temperatures add further emphasis to diff-
erences between the western and the eastern reglons, The greater range
of the eastern stations is the major differentiating factor . At Edmonton
monthly average temperatures range from 6 degrees P, in Jamary to 62 de-
grees F, in July, a mean anmual range of 56 degrees P, At Lloydminster,
about 145 miles east of Edmonton, the Jamary temperature is -4 degrees F,
that of July, 63 degrees P, The rang#® has increased to 67 degrees F. Average
monthly temperatures at Battleford and Prince Albert are similar to these,

In studying the average maximum, minimum and extreme temperatures the
nature of the gubregional differences becomes still further apparent,
The Pacific air dces reduce the temperature range for the western area as
alreafy mentioned, having less influence on the average marimum and minimum
temperatures and still less on the extremes, It is the amelliorating factor
in the west., Its influence, without considerazble modification, is seldom
felt beyond the boundaries of Alberta. In summer it may impede the northern
advance of tropical air, In winter it may turn the polar air towards the
east, The more extreme air mass types, polar and tropical continentdl;,
move over the eastern basin. Although occurring less frequently, these air
masses do follow paths across Alberte and extremes in the temperature figures
are related to this air movement more than to the Paclific alr mass.

At Edmonton, the average daily ma.xinml temperature is 74 degrees F,
{(July), the minimum -4 degrees F, (Jamary)., The averages of extreme temperatures
are from 87 degrees ¥ to =36 degrees F, for the same months, At Battleford the
corresponding figures for average dally maximum and minimum are from 78
degreee F, to =10 degrees F., average extreme maximum and minimum are from
92 degrees F. to -39 degrees F, Prince Albert has still more extreme con-
ditions. The differences between the eastern and the western sections of
the region depend on the frequency of occurrence of the temperature controls,

Snowfall is not as heavy on the plalns, nor does it lie as readily as
in the mountaing. April is the month of thaw ut average temperatures are
higher than those in the mountains, The thaw sets in earlier. Ilate spring
rains and the gpring thaw combine to increase the runoff during this period.
It is a problem period. Flow ice often jams at certain locations and forms
temporary dams. Frazil ice, freeszing to the floe, accentuates the problem,
The increased stream flows will build up behind the dams, overflow, and
flood the surrounding lowlands, Thig type of flooding is associated with
the early peak flow of the streams, In terms of the volume of water, this
peak is secondary to the main peak which comes when the alpine thaw runoff,
combined with the early saummer rainfall over the basin, consideradbly auvgments

the supply.
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The central ion Zlying between the morth and south Saskntchewan
river,= This, as has already been pointed out, is the diteat region of the
basin, Minimum precipitation is reflected in the increase in intermittent
and interior drainage which centers on small lakes and brackish sloughs,
The western boundary coincldes falrly closely with the western boundary
of the dark brown soil zone, The eastern climatic boundary extends beyond
the basin, But, to the north and south, boundaries of this gemi-arid
center are not as distinet., There is a dedrease in precipitation from
the north to a central area between about Brooks and Outlock, Then pre-
clpitation tétals gradually increase again to the south,

Precipitation is generally frontal in character, assoclated with
the meeting and mixing of the summer masses of polar and tropical air,
Violent tlemderstorms bring heavy, although localized, rain to the central
prairies. In western Alberta 25 days with thunderstoxms is the anmal
average,

Rainfall regimes are gimilar to those of the northem region, There
is about a 45 per cent concentration in the summer months of June, July
and Augnst, but the total precipitation for these months is lower, At
Leader, a station typical of the drier core of the region, there is a
bt per cent concentration of precipita.tion in the three summer months,
During that reriod an average of 5.21 inches falls, During the same
period 6,81 inches is the average for Battleford, 8.73 inches for Edmonton,
Winter preciplitation ias about half an inch per month fras October through
March, ,

J. N, Hopf:ins has sought to establish secular trends in prairie
precipitation, Hs observes that most of the precipitation falls between
April 1 and October 31 and that there is a greater variability in those
mohths,

The 31 year average was fourid progressively to increase
from the low value of ons inch or less in April to a nmaximum
of three inches or more in June, after which there was again a

- diminution in July and August, such & progression being typical
of the 'northern plains' type of precipitation, 3f

There is considerable varlation possible in the anmial precipitation,
It ig generally greater than that for the northern region but comsideradle
differences are possible, At Medicine Hat the extreme figure is three
times the mean precipitation figure,

From November through March over 90 per cent of the precipitation
id again in the form of snow but the total snowfall is much lighter than
in either the mountain region to the west or the prairie region to the
north, The percentage which falls as snow decreases to the south,

1/ Hopkins, J.¥., "Azricultaral Heteorology: GSome Characteristics of
precipitation in Saskatchewan and Alberta," Canadian Journal of
Research, Volume 14, 1936, pp.319-346.
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Daniel and Harper have commented on the efficlency of different types
of precipitation in increasing soil moisture .1/ Showers of .30 inches or
leas are of little benefit. Most moisture is evaporated or transpires.

In April from 42 per cent to 66 per cent of total precipitation was in

the form of ghowers (17 year period). In subsequent months the average
agpount falling on each rainy day was greater, Twenty-seven to 33 per

cent of precipitation in June, and 28 to 31 per cent in July was under
0.30 inches. During this period about 23 per cent of precipitation was in
anounts of over 1.50 inchea a day. From the heavier downpoxrs there was
little zain in soil moisture. Most of the precipitation was lost as runoff,
The opsimum precipitation for replenishing the soil moisture lies between
these figures, The relation to surface runoff is obvious., Light rainfall
provides little surface runoff in summer., Heavy downpours result in too
much rmnoff and flash fleods which, if net confined within the stream banks,
may cause considerable damage.

This region is subjected periodlcally to droughts, Conditions for
droughts are accentuated by hot southwest winds in summer, while in winter
mild dry southwesterly or chinock winds frequently cross the region (Table 1),

Table 1.~ Number of Summers with Midsummer Drought, Selected Stations,
Saslkcatchewsd River Basin

—m

: Period of : ¢! Percentage of

: record : Fumber of ! years with
Station :  {years) : droughtsg : __ drought
Bimont on 52 6 12
Calgary 50 18 36
Medicine Hat 51 27 53
Swift Current 50 15 30
Prince Albert L. 50 17 3

Source: Connor, A.J., "The Climates of Horth America," Handhuch der
Klimatolorie, Berlin, 1938, p.363.

In terms of temperature, the central regionis one of transitionm,
Average monthly temperatures at Calgzary range from 62 degrees F. in July
to 13 degreeg ¥. In Jamary. Red Deer, approximately 100 miles to the north,
has glightly lower monthly figures., Macklin, centrally located with the
region, hags an anmual range from 64 degrees F. to -1 degree F, Outlook,
to the southeast, has an annual range from 67 degrees F, to 3 degrees F,
Ag in the northsrn region, mean annual range increages towards the east,
Extremes also increase towards the east, but the differences between east
ani west are not so great as in the average figures,

Thig 1s the region where blizzards are an unwelcome, tco fregquent
occurrence, particularly in the spring. Winds of over 50 miles per hour

1/ Daniel, E.A, and M,J, Harper, "The Relation between Effective Rainfall -
a.nd Tota.l Calcium and Phosphorus in Alfalfa and Prairie EHay,®

The
curnal of the American Society of Agronomy, Volume 27, 1935, pp.6£z4—652
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whip the f‘ine, dry snow from the groﬁ.nd. simulating the effects of a
gnowstorm, Temperatures drop rapidly.

General temperature relations are similar to those in the north,
March and November being the critical months for thaw and freegze respectively.
Because there is much less snow lying on the prairies, the thaw period does
not have the noticeable effects on local stream flow that it has in the
west,

The §outh Sagkatchewan pegion.~ This region, the most southerly in
the basin, is characterized by higher temperature figures, These allow
a greater variety of crops to be grown., Preclipitation within the region
is inmufficient for the needs of agriculture, and irrigation has been es-
tablished as a practice aiding the development of the area, The region
stretches from about Cowley in the west to Swift Current in the east.
Within the area there is considerable diversity of climates, Nearer the
mountains, precipitation is higher than on the eastern prairles and
summer concentration, although atill characteristic, 1s lower, Pincher
Creek and Cardston have summer concentrations of about 38 per cemt,
Medicine Hat and Swift Current have average summer concentrations of 43
per cent and 47 per cent, regpectively. Precipitation wvariability in-
creases considerably towards the east,

Snowfall figures are gimilar to those in other prairie stations,
the amount being greater nearer the mountains, From November to March,
all stations record over 90 per cent of precipitation in the form of
snow. In April, the amcunt of precipitation that falls as snow is still
over 60 per cent in the western stations but there is a marked rednction
towards the east,

The Oldman River and its tributaries collect the runoff from the
southwestern area, The late spring and early summer maxima are
characteristic when the rains of that perlod combine, firat with the
prairie, ani later with aipine snow thaw, In the east the prairies are
often bare of snow, the thin covering having heen melted during the wamer
winter periods.

In analyzing the temperature figures, a distinction between the
wegstern and eastern portions of this region is discernible., The average
annual temperatures are about the same over the region varying only 2
degrees P, from 40 degrees F,, but thememn annual rarnge varies from west
to east, The maxinmum mmihly temperatures at Pincher Creek, Cardston
and Iethbridge are about 5 degrees F. lower than those of three
representative eastern gtations, Medicine Hat, Maple Creek, and Swift
Current, In winter the opposite is the case, Average Janmuary temperatures
are about 5 degrees E higher at the western stations, The lower anmal
temperature ranges of western locations are a characteristic of piedmont
areas within the basin (Table 2),
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Table 2.~ Average Monthly Range of Temperaturea, Selected Stations,
Juuuary and July, and Average Anmal Range of Temperatures
Saglatchewan Rlver Bagin

P e e _—____————..

tAverage : Average ¢ Average anmal
Meteorological :January : July : range of

ptation ttemperature : temperature : temperature
Pincher Creek 18°F 61°F 3°r
Cardsbon 17°F 65°F 4897
Lethbridge 16°F 64°F 48°¢
Medicine Hat 12°7 69°F 570p
Maple Creek 12°¥ 68°r 5608
Swift Current 8°r ... 66%r _ 58°F

Source’: The Climatic Summaries ..., "op, ¢it., rp.22-23

As in other prairie regions, there are not the great differences
in extreme temperatures that might be expected from an examination of
the averages. Monthly averages of daily maximum temperatures for the
highest month are about 80 degrees F, over the whole of the region,
Monthly averages of daily minimum temperatures for the lowest month
are about 7 degrees F. in the west, O degrees F. in the east. In this
region Pacific air is responsible for the less extreme temperatures 6f the
woest, '

Of major importance in modifying the winter temperatures, is ths
occurrence of the chinook, Although the effecis of this wind may de
felt as far north as Edmonton, and as far east as Sagkatoon, it is in the
southwest area that they reach their best development. The 8hincok has
been degeribed as a spsctacular change from bitter cold to comparative
warath,

The greatest contrast occurs whena severs prairie cold
wave has occupied westsern Alberta and eastern Sagkatchewan for
one to three days with the temperatures well below zero and the
whole mass of very cold alr accelerates suddenly towards the
scutheast. In this case, air from the Pacific Ocean, which has
been lying over the coast and filling the intermontane: valleys
of British Columbia moves east, crossing the Rocky Mountains,
¥hile the denser low levels of the Pacific air can reach the
plains of Alberta only with great difficulty, umally moving
northward through the intermontane valleys, yet the dry upper
levels of the Pacific air cross readily enough, descending into
eastern Alberta,l/

The temperature characteristice depend on the particular body of
air, There may be a sudden galn of 50 degrees F, and,since the air is
umally very dry, the sun shines brightly, the temperatures rise in the
afternoon, while the gnow lying on the ground is rapidly lost to the )
warmer, drier alr by sablimation, When the air comes from the south-~
west, temperatures have been kmown to rige to 65 degrees F, at Iethbridge.

1/ Connor, A.J., The Canads Yearbook, 9P, cit. p.5l.
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"Farther east the chinook properties diminigh or disappear and the mass
may continue eastward with merely a warm front at the surface marking

its progress.l/

With a wind shift, the advent of polar continental air terminates
the conditlions of the chinook. Unsettled weather follows with clody
skies, chilly winds, snow storms, and generally foggy conditions in the
foothilla,

Dyring milder winters thin coverings of fine snow are rapidly
dissipated, Under the influence of the chinook, snow cover may com-
pletely disappear. _

e lo Saglatehe region,~ In this, the most eastern of the
climatic regions, the great range of temperature 1s the distinguishing
feature. Precipitation totals are similar to those over most of the
Forth Saskatchewan basin, The tulk of the precipitation falls in the
summer when there is a concentration of about 45 per cent. From November
to March inclusive, precipitation is mainly in the form of snow. Five
inches of snow falls each month, which is not a very great deal in total,
There is, however, considerable variation from year to year, but this has
little effect on the flow of the main Saskatchewan River. If high water
in the main river coincides with the summer peried of maximum runeff in
the tributaries, there will be flooding in the lower reaches. The main
river acts as a dam backing up the tributary water.

At Melfort, a town located in the basin of the Carrct River, the
average monthly temperature ranges from ~3 degress F, in Jamuary to 63
degrees P,in July. The FPas, nearer the ‘eastern end of the basin, has
a much greater range, from -9 degrees E to 65 degrees F, Average daily
minimum temperatures for the coldest month is =13 degrees ?, at Melfort

and -18 degrees F.at The Pag. Both have an average daily maximum temperature
of 75 degrees F, in July,

From November to March, the average monthly temperatures are below
32 degrees F. In October and April they are near that figure so freezing
conditions may be expected, High water on the Saskatchewan river below
Nipawin occurs twice a year, The first time in March or April,dépending
on temperature conditionsg. The ice breaks up and flow is supplemented
by runoff from the winter snow. The second peak is caused by runoff
from snows of the Recky Mountains,

gl river bagin.- Wind direction and velocity
are of 1ittle d.irect importance in a hydrologic study, All points of the
compass are represented at the stations where the records are kept, There
ig some regional differentiation, In the western part of the basin, winds
from the south and the southwest predominate, In the lower Saskmtchewan
bagin the prevalling winds are from the northwest and the northeast, The
mean wind velocity is about ten miles per hour, Gusts up to 110 miles per
hour have been recorded. The percentage of calms is greater in the winter
than in the gsummer.

1/ Osmond, E.L., "The Chinook Wind Bast of the Canadian Rockies," Canadian
Journal of Regearch, Volume 19, 1941, p.63.
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CHAFPTER 3, HYIROLOGIC CHARACTERISTICS OF THE
SASKATCHEVAN RIVER AND ITS TRIBUTARIES

A. Intredaction

In what follows, diascharge refers to the volume of water that flows
vast a cross-sectional area during a unit of time, It is measured by a
carrent metre, or is calculated from observations of the stage (the height
of the water surface above an arbitrary datum). The discharge is measured
in cubie feet per second, sometimes referred to as gecond-feet. For
monthly records, it is sometimes convenient to refer to cubdic feet per
menth. Total flows are measured frequently in terms of the acre-foot, which
1s the volume of water required to cover an acre to a depth of one foot,

Since scme streams have been diverted for purposes such as irrigation,
the natural flow msat be estimated from the actual flow, Such estimates
have besn made by the Pratrie Provinces Water Board, and their data have
been relied on for statistics of "natural® flow,

The drainage system of the Sagkatchewan river basin will be examined
using three sabdivisions, namely, the North Saskatchewan river and its
tributaries, the South Saskatchewan river and its tributariea, and the
main stem of the river and its tributaries,

B. The North Ssakatchewan River

This river's source i1s the meltwater of the Saskatchewan $lacier,
one of the great tongues of ice extending from the Columbia Icefield, a
remant of the Cordilleran ice-gheet, which i3 estimated to hold
17,600,000 acre feet of water, Other trimtaries join the North Saskatchewan
river from this icefield carrying meliwater from the sncuts of glaciers,
or from falls below hangling glaciers. Some meltwater sesps to the main
stream through ¢colluvisl material deposited against the valley sides.

Nigel Creek 1s the first tributary of the North Saskatchewan river,
It has ite origin in the marshy land of the Sunwapta divide, The Alex-
andra, Howse, and Mistaya rivers are tributaries carrying meltwater from
glaciers such as the Castleguard, Alexandra, Lyell, Freshfield and the
Barkette, Many small stireams along the west-facing slope are intermittent
in character,

In these alpine valleys ths more direct effects of runcff on regimen
are delayed, Much of this precipitation reaches the stream by lateral
movement through the loose glaciocfluvial and colluvial material o the
valleys., In addition, there are many lakes along the river courses. Some
are cirque-head lakes; othesrs occupy steps in the valley floors. . Thene
tend to absorb crest flows and then release the water gradually to the
downatream ocutlet, In the Mistaya River course are several lakes. Peyto
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Ilake 18 located below a glacier of the same name; Mistaya and the two
Waterfowl lakes are located further downstream, Small lakes on tributaries
such as the Caldron, Gapricorn and Cirque occupy cirque basins at the

heads of their valleys, Most receive glacial meltwater from the east-facing
slopes, .

In the foothills belt, many tributaries Join the North Sasimtchewan,
Of these the two most important are the Brazeau and the. Clearwater rivers,
Both_have their headwaters in the main ranges. The @learwater river rises
in the eastern section of the main divide several miles beyond Olearwater
lake, Roaring Creek and Martin Creek are two tributaries joining the main
stream in the mountain area., Small intermittent streams, probably of
insequent origin supplement the main river flow, The Clearwater traverses
a poorly drained lowland area before flowing north to join the North
Saskatchewan river near Rooky Mountain House, Its runoff is estimated to
be about 698,000 acre-feet from a drainage area of 1214 square miles.l/
Prairie Creek, the largest tributary, drains 318 smare miles,

Near Rocky Mountain House there is a gmpging station on the North
Sagkatchewan piver, ZRedords are available from June, 1913 to July, 1931
and from March, 1944 to October, 1949, The average anmal runoff over
this period is 3,701,000 acre= feet, The anmal runoff varies from a
minimm of 2,770, 000 acre-feet to 5,133,000 acre—feet, Maximmum flow is
in July and Aruglui: The drainage area is 4,162 square miles so that runoff
is 889 acre~feet.per square mile.2/

The Brageasu river Joins the North Saskatchewan adbout 45 miles downstreanm
from Rocky Mountain House, Like the Clearwater, it has its origins in the
Rocky Mountains, The northern tributary of this river taps a large ice-
field beyond the head of Maligne lake, whoreas other trilutaries drain
small glaclers in the eastern ranges, JYrom the main ranges the river flows
in an easterly direction, traverasing a poorly drained lowland area that
borders the main range, The Cardinal river Joins it in thig area. Over
the latter part of its course the Brazean river parallels the Arctic divide,
In the narrow intervening area between divide and stream, it has fow
tributaries from the north of any consequence. Blackstone and Nordegg rivers
enter from the scuth, Twelve miles wegt of Alder FMlat it Joina the Iorth
Sagkatchewan river,

On the prairies, tributaries of the North Saskatchewan river decrease
in length and volume. Umially they drain undulating lowlands, Small lakes,
sloughs and marshes are typical features aleng the courses of these slow-
flowing streams, Conjuring Creek, draining the small Wizard laks, is typical

1/ Alverta, Water Resources Division, Report on Surface Water Supplies and
Water Power of Alberta theiyr Present and Ultimate Uses, (by Ben Bussell),

Edmonton, Alberta, 1948, p.26,

2/ Discharge figares in the main are from the Water Rescurces Division,
Department of Northern Affairs and FNatural Rescurces, supplied by
Mr, E,P. Colller, District Engineer, Calgary, Alberta; some data are
taken from Canada, Department of Northern Affairs and Katural Rescurces,

¥Water Resonrces Paper No, 105, Ottawa, 1953.
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of these, Ite discharge was recorded from 1924 to 1931, It has a drain-
age areoa of 15 square miles at the ganging station near Wizard Ileke, The
average runoff from May to October was 1,292 acre-feet, In some years no
flow was recorded; in others, flow was as high as 4,590 acre-feet, The
many small streams do add appreciably to the flow of the North Sagmtchewan
river as it winds across the plains, In addition to thelr effect on
volume, the cumlative effect of the pralrie streams, reflecting a more
variable precipitatlion regime than in the mountains, ls to increase the
range of the regimen,

At Edmonton the average anmal runoff of the North Sagkatchewan
river amounts to 5,611,000 acre-feet, Extremes range from a ninimm of
3,679,000 to 8,467,000 acre-feet, As the area of the oatchment increases
to include more of the drier prairie, the runoff per square mile decreases,
averaging 552 acre~féet permuare iiile at Edmonton,

Between Edmonton and the Alberta-Saskatchewan border, the North
Saskatchewan river flows in a northeagterly direction until, near Smoky
lake, a southeasterly trend is established. In this section the river
pa.re.llels the height of land to the north varying in distance from it by
about 20 to 30 miles, East of 5t. Pl it 1s tut eight miles from the
divide of the Beaver river, Streams flow generally from the northwest to
join the North Saskatchewan, The Sturgeon river is cne of the longest of
these, ard in its course it parallels for some distance the maln river,
It heads at Hoople Iake practically on the bank of the Pembina river but
200 feet above it, The stream drains geveral lakes, Isle lLake ani Lake St,
Ann being the two largest. These have the effect of regulating the flow on
the 95 mile course which joins the North Saskatchewan river near Fort
Saskatchewan, At a gauging station establighed near the mouth of the
Sturgeon, records have been kept with some discontimuity, since 1914,
Anrual discharge records from 1914 to 1923, 1928 to 1931 show that, on
an average monthly basis, there is some flow throughout the year, 3But
winter flow is very low averaging 23 second feet in Janumary (14=year
record)., The bulk of the runoff leaves the Sturgeon river in the April-
July period ‘

About 12 miles downstream from the mouth of the Sturgeon river,
Beaverhill Creek joins the North Saskatchewan from the scuth, It dreins
mumerous lakes and sloughs in the morainic area, Codking lake and Beaverhill
Lake being the twe largest, The average anmal runoff, April to Saptom'ber.
was 85 acre-feet, the anmal maximum, 618 acre-feet, the minimum zero.

Flow is a.ssocia.ted. with heavy storms in the 830 square miles of catchment
in summer,

Only smll tributaries join Beaverhill Creek downstream from this
point, Vermilion river, draining a large area of moraine and o0ld lake
bed, flows into the North Saslatchewan river in the neighborhool of ILea
Park, It ie a typical prairie stream with a gentle gradiert and a
slugzlish flow, Although it occuples a broad wvalley, its volume is emall,

The discharge of the North Saskatchewan river at the Alberta-Saskatchewan
boundary, for the 37-ysar period 1911-12 to 1947-48, has been on the average
six million acre-feet, 1(
1/ “Summary Report of Recorded and Natural Monthly Flows at Certain Points on the

Sagkatchewan River System,"Prairie Provinces Water Board Report No, 1, Regina
Sagk., 1950, Table 7.
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A summary of the hydrologie record is given below in Table 3. .

Table 3.~ Flow of the North Saskatchewan River at the Alberta-Saskatchewan
Border

W
(1) ﬂontglz discharge (c.f.m.) 4

Average monthly discharge
0 | D J F M A M

5688; 2831; 1634; 1307; 1200; 136L4; 6949; 11,164;

J J A -
19,427; 20,9183 16,005; 10,603

Maximum monthly disecharge
0 ¥ D J b M A

11,2003 5828; 2701; 2590; 2035; 2795; 14,0503

M J J S A S
k7,400; - 38,280 51,4437 27,019; 26,550

Miniram monthly discharge
0 X D J 5 M A M J
3402; 1725; 768; 64h4; 627; 862; 2339; 3170; 9140;

J A S
96533 10,5007 5827

(2) Extyemes of staze (st Frenchman's Butte)

Maximum, 10:00 p.m, Juns 17, 1944 = 111,600 second-feet
Minimum Marech 1, 1547 = 836 second-feet

(3) off, March to Octobe
Average anmial - 5,971,000 acre-feet
Maximm anmual - 9,409,000 acre-feet
Minimm anmual - 3,605,000 acre-feet

(4) Draipage area: 21,700 square miles

(5) Discharge per square mile: 271 acre feet.

Source: ™"Summary Report of Recorded and Natural Monthly Flows at Certain
Points on the Saskatchewan River System,® Frairie Provinces Water Bgard
Report No, 1, Begina, 1950, Table 7, and Water Resources Divigion, "Surface
Water Supply of Canada, Arctic and Western Hiudson Bay Drainage ...",Nater

Resoyprces Paper Number 105, Ottawa, 1953, p.175.

In the Province of Saskatchewan there are few tritutaries of any con-
sequence which Join the North Saskatchewan river, Turtlelake river drains
a congiderable area including many lakes and sloughs, A small stream flowa
from Rabbit, through Jackfish Iake to the North Saskatchewan. The Sturgeon
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river in Saskatchewan, Joins the North Saskatchewan upstrean from Prince
Albert while the gmail Spruce river, flowlng from the north, has its oat-
let at Prince Albert,

Two tributaries joining the North Saskatchewan river from the south
are of some importance, Battle river hag its origin to the west of Pigeon
Iake in central Alberta. It jolns the North Sasimtchewan at Battleford.
Although a long river of about 375 miles, it is not a large one, Hydro-
metric stations, established to measure lake slevations and stream dis-
charge, have periodically been maintained along the course and on its
tributaries, but no satisfactory records have besen kept. Ribstone Creek,
a tributary which has its source near Coromation, Jjoins Battle river near
the Alberta-Saskatchewan boundary, The stream dvains a large area ht
average discharge is only ten acre-feet per square mils,

At Battleford, Saskatchewan, discharge records for the Battle river
wore kept from 1912 to 1921 and from March to Anguat of 1922 to 1932,
The average anmual runoff was 306,600 acre-feet, the maximum annual
runoff was about twice that figure. The drainage area is a little over
10,000 square mlles, which means that average anmual runoff is about
300 acre-feet per square mile, Pigures from the minimum anrual runoff
are incomplete, Referring to the regimen, it is interesting to note that
the months of maxieum flow are April to May, not June and July as on
the main river.

Eagleohill Creek is the only other scuthern {:rihita.:_-y of a.ny gize,
Recorded extremes of flow have varied from 977 c¢.f.s, to zero, The
ranoff is in the order of 700 acre feet per asquare mile,

i'he flow of the North Saskmichewan river at its confluence with
the south branch (referred to hereafter as The Forks) has been etimated,l/
and it is purported to vary from a minimum anmual discharge of 3.5 million
acre-feet, to a maximum annual discharge of ten million acre-feet.
The flow characteristics are depicted in Table 4,

1/ See "Summary o5 System," Prairie Provinces Water Board Report, No.
1, gp, cit.
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¥able L.~ ZFiow Characteristics of the North Saskatchewan River at The
Yorks

e~ — = ]

(1) Monthly dischayge (G, F.M,)

Average monthly discharge
0 N D J ¥ M A M J
6441 s 31613 17843 13533 1255; 1349; 7689; 12,228; 18,680;
J A S
22,116; 16,679; 11,689

Maximum monthly discharge )
0 X D J ¥ M A |
12,2903 64155 3186; 2709; 2034; 2165; 17,578; 52,922;
J J A S
36,898; 59,4765 30,044; 25,597

Minimim monthly discharge

0 ) D J ¥ M A M J J
3768; 1832: 734; 703; 679; 705; 3361; 3038; 7030; 9650;
A

10,748; 7091
(2) BExtremes of gtasge af

Maximm, July 2, 1915 - 200,000 second-feet
Minimum, Jan, 23, 1935 = 395 second=feet

(3) Ammal Junoff
Average anmal - 6,332,000 acre-feet

Maximm anmual - 9,966,000 acre-feet
Minisum anmual - 3,549,000 acre-feet

(4) Draipage area: 47,387 square miles
(5) Digoharge: 134 acre feet per square mils.

a/ Pigures are for Prince Albert, . ]
Source: “Summary ... System," Preirie Provinces Water Boapd Report No, 1,
Regina, 1950 and Wat N 05, Ottawa, 1953,

From a study of the flow and runoff statlistics, certain charateristics
become apparent, In Table 5 the relative importance of the varloas physio-
graphlc divisions through which the North Saskatchewan flows is illustrated.
Although the mountaln region occuples only eight per cent of the total area,
it already haas contributed 58 per cent to the total runoff, By the time
the river reachea Edmonton 89 per cent of the runoff is carrled In the
river although only 22 per cent of the catchment has been crossed, XNo
hydrometric station has been estadlished en the Brageau river. Aistation
near Drayton Valley was established on the North Saskatchewan, tut the
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length of recerd is insafficient to warrant its inclusion, If the record
here could be used it would show the lmportance of that river to the haad-
waters system, The large dralnage area of Battle river 1s a quarter of the
total catchment, but it contributes very little to the volume of the
North Saskatchewan,

Table 5.~ Average Anmal Runoff of the North Saskatchewan River at Selected
Points, with Comparisons

sAverage anmal

tPer cent of : Area of : Per cent of
: ranoff : flow at : catchment : total catchment
: (ac, feet) : The Forks : (sg, mil,): area
Rocky Mountain 3,701,000 58 k,162 8
House )
Edmonton 5,611,000 89 10,495 22
 Alberta-
Saskatechewan
boundary 5,971,000 o4 21,700 46

Scurce: Calculated from data in “Summary ...Sfstem," Prairie Province Wat
Board Beport No, 1, Regina, 1950, and Nater Regources Paper No,10§,
Nater Resources Division, Department of Northern Affairs and
National Resources, Ottawa, 1953,

The decrease in runoff per square mile on the North Saskatchewan river
as it proceeds eastward is to be expected, becauge the river flows through
a sub-mmid area,

Tarning now to a consideration of the regimen patterns throughout the
drainage area, it may be said that all have in common the cccurence of but
one peak and that is associated with a concentration of flow in the summer
months June, July and August, Even in May the flow has already doubled from
the .t}pril average, Under average conﬂ.itions February is the month of lowest
flow,on the North Sagkatchewan river, April is the first month of increased
flow. The thaw and spring rains have begun. The effect of these climatic
conditions are felt first on the prairies where temperatures for the momth
of April are generally higher than in the mountainocus region, 4s a result
of this the increase in flow is mch greater on the eastern thah the western
prairies, By May, however, the thaw has begun in the Rockies and the increase
in flow is greatest in the western region, least at The Forks. June and
July are the months of greatest runoff, A gianne at Table 6 will be sufficient
to show the concentration in these two months.

From August on there is a marked monthly decreage in flow, Thias is
least in the weatern region, maintained still dy meltwater and a higher
groundwater reserve, whereas prairie gtreams are rapidly decreasing in
flow to became but dry beds in some areas, The September flow becomes
more rapid in the western region and relatively less in the east. The over-
all decrease in flow contimues in October and into the winter months, The
December figures indicate characteristic winter flows which decrease to
reach a minimum in Febmary.
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Table 6.~ Concentration of Runoff on the North Sasiatchewan
Biver

Pear cent of annuwal runoff

LTI 11

HBydrometric station in June and July
Rocky Mountain House Ly
Bdmonton 43
Alberta-Sasimtchewan boundary gl
The Forks 39

Source: Calculated from “Summary .,.System,” Prairie Province Water
Board Report No, 1, Regina, 1950, and Water Resources Paper No,
105, Water Resources Division, Department of Northerm Affairs
and National Resources, Ottawa, 1953.

In thege regimena are revealed the interaction of varims factorg——
the time and rate of snow melt in wvaricus portlong of the basin, the
distritution of precipitation, the amount and rate of groundwater charge
and the relationship between mountain, f oothills, and prairies areas as
sources of supply.

The variation from the average anmal runoff is an important
characteristic of the regimen, Anmal variation from the mean may be
almost 60 per cent, There appears to be a regional trend in variation,
increasing as the river flows over the plains.

Turning to the more detalled analysis of monthly variations, greater
irregularities become apparent, The maximum variation from the average
is in terms of the maximam summer flow month, Minimum monthly flows are
less far removed from the average, Reglonal differences in variation
from the mean point appear to show a2 greatar variation om the plaing than
in the mountains where precipitation is less erratic, June is the month
when greatest varlation may be expected in the mountains, July on the plains,
Variation from the average decreases considerably for the month of minimm
flow, and it may be inferred, for the winter months.

Before turning to a discussion of the South Saskatchewan river system
mention should be made of the large areas of interlor drainage within the
confines of the basin, There is little doubt that some of this interior
dralnage water does find its way to tributariea of the main system as
ground water, ut the proportion involved may be reiatively unimportant.

Because of the irregular terrain, small undrained sloughs are a
camon feature of the whole of the basin, These may be disconnected kettle-
holes and should not be considered as interior drainage systems, Where
several tributaries flow to a central lake, developed inland systems may
be sald to exist. In the northern part of the Saskatchewan River Basin
the streams centering on Birch and Redberry lakes in Alberta and Saskatchewan,
respectively, are interlor drainage tributaries, A great area between the
North and South Saskatchewan rivers may be similarly considered, Gough
lake, Sullivan Lake, md Kirkpatrick Iake are all foci for independent in-
land drainage system, Ezstward, in the Province of Saskatchewan, streams
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and lakes are more ephemeral features because of the lower precipitation,
but Manito Lake, south of the Battle river, is the terminal point for the
best developed interior drainage system in this portien of the basin,
Eyehill Creek and its main trilmtary, Scunding Greek, flow northeast to
the lske. Flow records have been kept on Eyehill Creek just before it
enters the Lake, These illustrate the flow characteristics of the basin.
Between 1920 and 1931, the average anmial runoff, March to October was
6,460 acre-feet, An anmal maximum of 12,932 acre-feet was recorded;

the minimam was 3,470 acre-feet. As an indication of the pansity of pro-
cipitation, discharge was two acre-feet per square mile,

South of the South Saskatchewan river several areas of interior
drainage are located which terminate at the Missouri-Saskatchewan water
divide, Etzikom Coulee, which flows into Pakowkl lake, 18 one of these,
Manyberries, Ketchum, and Canal creeks are tributaries from the east,
Manyberries Creek at Broiin's farm has a drainage area of 137 square
mileas, The average anmal discharge over the period from 1911 hasg deen
6,440 acre~feet, The months of maximum flow are March and April; a
zero flow for several months of someé years is not uncommon,

North of the Cypress Hills, & number of streams flow towards the
South Saskatchewan river but terminate in lakes and sloughs. Of these
Britter Iake, Bigstick, Crane, and Antelope lakes are the most important,
Many temporary lakes like Ha.y lake and Whitegull Lake collect water from
freshets in the Cypress Hills., Maple Creek, the largest of these gireams,
has had its flow recorded above Tenallle lake reservolr, Bunoff in the
reriod from March to October, 1944 to 1949, varied considerably, being
620 acre-feet in 1949 and 10,150 acre-feet in 1948,

C. The South Sagkatchewan River

General.,~ The South Sagkatchewan river ie formed by the confluence
of the Bow and the Oldman rivers, Ir its course east and north, it has
few tributaries, the Red Deer, Joining it near the Alberta~Saskatchewan
boundary being the only one of any size., In the western portion of the
bagin, streams are more namerous ., ths pattern more complex. Rivers,
tapping plentiful mountain rescurces, furnish the bulk of the South
Saskatchewan's flow, Because of their importance as sources of supply
for both hyircelectric power and irrigation, many hydrometric stations
have been located along their courses, Some of the tritutariez in the
extreme gsouthwest have their headwaters in the United States, Detailed
records of these streams have been kept in order to obtain a satisfactory
record for purposes of Iinternational allocation, Hydrologic analysis
of flow pattem is facilitated by the great number of stations, but,
because digcharge patterns are modified by reservolr retention and with-
drawal, actual flow statistics may not be as conveniently used for analysis
ag in the North Saskatchewan river system. Natural flow averages have
been e stimated 1/for several points on the rivers in the South Saskatchewan
basin, and these will be used for comparative purposes.

1/ “Summary ... System, Prairie Provinces Water Board Report No, 1,

Reglina, 1950,
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The Bow river.~ The Bow river has its source about four and cne
half miles east of the Rocky Mountain divide. From Bow Pass, at an
elevation of 6,878 feet, the river flows scutheastward into the Bow lake,
Tritutaries, many intermittent, drain the slopes to the east and west of
the main stream, Some receive their flow from telting snow which has
collected in high alpine basing during the winter montha; others flow
from the terminal faces of glaciers located high upon the main divide,
Glaciers, such as the Bow, the Crowsfoot, the Balfour, Waputik and the
Bath, all discharge their meltwater to the Bow river.

Near lake Louise, Pipestone Creek, the first large alpime tritutary,
Jjoins the Bow., Many other tributaries, all draining the mountain mass,
flow into the Bow as it parallels the main ranges of the Hockles, At
Banff, hyirometric records have been kept since 1909, Average anmal
rmunoff ias about 1,000,000 acre-feet with an anmial maximim of 1.370 000
acre-feet, Ma.ximu.m monthly discharge occurs during June and July. 4
gignificant figure is that for discharge per square mile, At Banff it
is 1,207 acre-feet, indicating the tremendoas importance of the mountaln
catchment to the flow of the major rivers.

The Spray River Joins the Bow from the south, downstream from Banff,
It ig typical of the alpine tributaries, Its headwaters are located near
Falliser Pass on the main divide, Several of its tributaries have their
origins under small glaciers while lakes and tarne are dotted along the
headwater valleys., The Spray flows in a northwesterly direction to join
the Bow, A gauging point is located Just above the confluence of the Bow
river and records have been kept since 1910, As in the case of the Bow,
discharge in terms of catchment area is high, in this case being 1,249
acre~feet per square mile, The average anmal runoff is 361,000 acre~feet.

Records have also been kept on the Forty Mile, the Cascade, and the
Eananaskis rivers, The latter is an important tributary which, since 1932,
has been controlled for powsr purposes, Like the Spray, it has several
small lakes near lts headwaters. From these it flows north to Join the
Bow River at Seebe, Its average anmal disghcarge is 400,600 acre-feet.

Of the rivers Jjoining the Bow from the north, the Ghost, with its main
trivutary Waiparous Creek, is the most important. Flow characteristics
are similar to thossa already described.

Near the Ghost River confluence, the Bow leaves the mountains and
flows on to the high plains of the Third Prairie Level, Records of flow
of the Bow river at Calgary have been kept since May, 1908,

The natural flow at Calgary, as it would be if unmodified by up-
stream power storage, varies from a maximum of 53,600 ¢.f.8., to a
minimum of 105 ¢.f.s, The annual runoff has the following characteristics:
average annual, 2,362,000 acre~feet; maximum anmial, 3,652,286 acre~feet;
minimum annual, 1,557,012 acre-feet. The drainage area is estimated at 3,136
square miles, and the average discharge anmally is approximately 750
acre-feet per square mile.

With inecreasing distance from the mountains, the volume of water
carried by tributaries decreaseg, mriations in flow increaze and zome
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become ‘intermittent sireams. Only those which reach back into the
mountains are of importance. The Elbow, jolning the Bow River about one-
half mile below the hydrometric station, is one of these, Its head-
waters are in a swampy valley slose to the main divide and from there it
flows in a northeasterly direction, BHydrometric stations on the Elbow
have been maintained at Bragg Creek and above and below the Glenmore
Dan, Although the record above the dam has been kept from 1933 only, it
is more indicative of the natural flow than that below the dam, Average
annual runcff is 215,500 acre~feet, An anmal maximum of 375,740 acre-feet
has beern recorded and & minimum of 113,500 acre-feet, June is the month
of maximum flow, and the flow in May is slightly higher than that of
July, Instantaneocus peaks, coinciding with summer tlmnderstorms, have
been as highasg 25,200 ¢c.f.s. The average discharge is 469 acre-feet
per square mile, a contrast to the upper tridutaries of the Bow.

The Highwood river, with its many tritutaries, is the only cther
river of any size to Join the Bow. Idke the Elbow, its headwaters are
tut a short few miles from the main divide and tut a short distance from
the headwaters of that river, It is formed by the confluence of the Storm
and Mist ¢reeks and flows eastwards on to the prairies.

Frem the Highwood to the mouth of the Bow, the river has no tributaries
of any importance, An area of 9,770 square milesg is included within the
catchmert of the Bow River and abmt 2,700,000 acre-feet anmally flow into
the South Sagimtchewan river,

The Oldman river.~ The drainage area of the Oldman river occupies all
of southwest Alberta and a portion of the adjoining State of Montana, The
tributaries flow from the mcuntain region to be collected in the waters of
the Oldman, which flows scutheastward through mountain chains to be joined
in turn by the Livingstone, Dutch Creek, and Racecoarse Creek, the two
latter flowing from the south, At the Gap the river drains 454 smare miles
and between 1944 and 1949 had an average anmal runoff, from March to
Octobder, of 253,700 acre-feet, Near Cowley records have been kept from_
1907 to 1949, Although some of these are incomplete and others only
partial records, an indicdtion of stream flow may be obtained from them,
There is some control upstream from this polnt; so they are not completely
indicative of natural flow. At this location, the Oldman has an average
anmual ranoff of 403,100 acre-feet, Runoff has reached an annusl Maximum
of 653,725 acre-feet and & minimum of 266,174 acre-feet, May and June
are the months of maximum monthly flow, Discha.rge is 552 acre~feet per
square mile on the average,

About a mile downstream from this hydrometric station, a major
tributary joins the Oldman from the west., This ls the Crowsnest flowing
from a pass of the same name, Castle river and Pincher Creek join the
Oldman from the scuthwest, These and other smaller tributarires more than
double the flow of the Oldman by the time it reaches Fort Macleod. At the
latter point it has an anmal average discharge of 1,022,000 acre-feet,

Willow Creek, to the east of Fort Maclaeéd., is predominantly a prairie
stream, Its headwaters are in the foothills. Total anmual runoff averages
112,700 acre-feet or 112 acre-feet per square mile,
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Between Fort Macleod and lethbridge two important tributaries join
the Oldman from the south, These are the Belly and St, Mary rivers.
The Belly river has its origin in the United States and flows about 15
miles nortiward before entering Canada. Along with its main tributary,
the Waterton river, it has its socurce in the mountaing of Glacler ¥ational
Park, Montana, Remnants of old glaciers like the Ahern, the 0ld Sun,
Chaney, Whitecrow and Miche Wabun stand at the head of the Belly river
and its main tributaries, Lakes in the valley floors are characteristic
of the upper courses of thege rivers; lakes Helen &md Elizabeth are in
the main valley, with Ipasha, Margaret, Mokowanis, Glenns, Crossley and
Miche Wabun in the tritutaries, The glaclers are small and do not greatly
affect discharge. The lakes influence the regimen of streams in temporarily
storing precipitation in upstream portions of the catchment.

Near Mountain friew. complete hydrometric records have been kept
for the Belly ?iver. To obtain the natural flow, the diversion into the
Mountain View Irrigation Canal was added, The average anmial runaff is
222,487 acre~feet, the anmual maximmm 363,000 acre-feet, and the anmal
minimum 133,137 acre-feet. As this runoff is obtained from only 121
square miles, the discharge is high, typical of the mountain region., June
iz the month of maximum stream flow,

About 35 miles downstream from this gauging station an important
tributary, the Waterton river, ;Ioins the Belly. It also hasg its origins
in Glacier Ha.tiona.l Park, Montana, Waterton lake occupies part of its
upper valley, Near the exit from the lake a record was kept between
1908 and 1933, The average anmal runoff was 483 220 acre-feet, with a
maximum of 710,000 acre feet, and & minimum of 290,000 acre-feet, The
catchment area is 238 aquare miles, hence the runoff per square mlle is
2,040 acre-feet, The Belly river joins the Oldman near Monarch,

The St. Mary 1g the largest of those rivers within the Saskatchewan
river bagin to have its origin in the United States, Meltwater from small
glaciers like the Blackfoot ani Red Eagle in Glacier National Park is a
feature of the headwaters. The water flows into small cirque head lukes.
larger lakes, occupying about 15 miles of the valley, are the St. Mary
and Lower St. Mary lakes, Swiftcurrent Creek, flowing from lake Sheiborne,
is an important tributary, Between May to October, inclusive, it has a
total runoff of 124,300 acre-feet, At the Intermational Boundary a hydro-
metric station has been recarding flow since 1901, This has been corrected
to give the natural flow of the St. Mary at this point, The figures are
similar to those for other mountain areas, Average anmusl runoff is 658,700
acre=feot; the discharge per square mile ig high; and the month of maxizam
flow is June,

The actual flow of the St. Mary is reduced by diversions for irrigation,
Two streams join the St, Mary below the hydrometric station, Iee Creelk,
at Cardston, has a mean annual runoff of 38,530 acre-feet, Pothole creek
at Magrath has a mean runoff, March to October inclusive, of 27,460 acre-
feet, It Joins the St, Mary near lethbridge.

At Iethbridge all the major tribtutaries of the Oldmwan except the
Little Bow have been accounted for. The mean anmal ranoff, as recorded
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at the Lethbridge hydrametric station, is 2,414,000 acre feet, The maximum
variation from this average has been 50 per cent (1910-1%49), The drainage
area is 6,710 square miles, hence runoff per square mile is about 360
acre-fest,

The Iittle Bow river has its saurce in a spring which is practically
on the banks of the Highwood river. For the first few miles, its flow
is dependent on a mumber of springs until it is joined by Mosquito Creek,
which drains the foothills country in the southwest portion of its basin,
Diversions from the Highwood make an estimate of flow difficult, The area
of the drainage basin is 1,745 square miles and the average anmal runoff
at the mouth is approximately 22,976 acre-feet or 13 acre-feet per square
mile.l/ About 55 miles downatrean from this junction, the Oldman joins the
Bow to form the South Saskatchewan river.

The South Saskatchewan river.- The Sonth Saskatchewan river has few
tributaries, The Bow and the Oldman rivers, on the average, contridute 70
per cent to the total runcff of the South Sagkmtchewan or 5,484,115 acre-
feet. This munoff is almost evenly divided between the two rivers, At
Medicine Hat, 50 miles to the east of the confluence, the South Saskatchewan
river has an average anmal runoff of 5,906,558 acre~feet., The anmal
maximum runoff is 10,259,804 acre-feet and the minimm 3,150,124 acre-feet.
June is the month of maxizue flow, but July and not May is the second highest
month, Flow in June, over the period of record from 1911, bas varied from
a minimum of 10,652 ¢.f.m, to 55,817 c.f.m. The extreme stage occurred also
in June when 145,000 c.f.s. were recorded.

Downstream from the gauging station at Medicine Hat the Seven Peraons
river Joins the South Saskmtchewan, Its headwaters are in the western
section of the Cypress Hills, from which it flows northeastward. Records
have been kept spasmodically from 1912; average runoff is im the néighbor-
hood of 12,000 acre-feet, The river has a catchment of 744 square miles,
giving 17 acre-~feet of runoff per square mile,

Bull's Head and Ross Creeks join jast east of Medicine Hat to flow
into the South Saskmtchewan river, A hyirometric station has heen main-
tained on the latter near Irvine since 1910 with a fairly continuous record,
An average anmmual runoff of 10,350 acre~feet has been obtained. About 80
per cent of the flow is In the spring., The drainage basin is 233 square
miles so that ammual yunoff is 444 acre-feet per square mile. Other stream
aystems flow northward from the catclment in the Cypress Hills, Many sre
ephemeral; most fail to reach the Scuth Sasimtchewan, terminating in lakes
and sloughs,

Near Empress, the Red Deer, a large tiributary of the South Saskatchewan,
Joins it from the north, It hag its origin in the Sawtooth Range, east
of the main divide of the Rocky Mountains and has a length of abmt 400
miles. The headwater tributaries have their origins in the meltwater of
mmercus glaciers on the slopes of Mount McConnell, Mount Drummond, and
Mount St. Bride ., The largest headwater tritutary is in the south flowing
from the Bomne. Glacier into Douglas Iake, Small lakes are a feature
of the upper course. Panther River and Burnt Timber Creek reach well dack
into the mountaina for their supply of ua.tor, but they Join the Red Deer

1/Russell, Ben, Report or . !
their Pregent and Ul_t_iggte Uggg Eimonton, Alta., 19’+8, D. 23.
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well d ownstream, A hydrometric station has only recently been established
in the headwater region, Tributaries continue to tap foothlll sources

of water. The last to Jjoin the Red Deer and longest of these is the
Little Red Deer River. From the north the Medicine river flows into

the Red Deer. At the town of Bed Deer hydrometric records have been

kept since 1911, The average anmual runoff is 1,326,000 acre-feet, the
maximum 2,133,000 acre-feet and the mintoum 566,000 acre-feet, June

and July are the months of maximum flow, BRunoff per square mile, from

the 4,480 square miles of catchment area, is about 296 acre-feet,

Downstream from the town of Red Deer, many tributaries join the
river, All are prairie gireams and individnal contributions to the main
flow are small, Rosebud river has an average runoff, February to October,
of 63,300 acre-feet; Berry Creek,farther downstream, about 25,000 acre-
feet. Collectively, however, those and other smaller tributaries do affect
the regimen of the Red Déer river. At Empress, near the moutlh of the
Red Deer river, complete hydrometric records have been kept. Some interest-
ing comparisons with those at the town of Red Deer may be made, There is,
as would be expected, an increase in total runoff at the downstream station,
but the discharge per aquare mile shows a spectacular decrease. Although
the size of the catchment area more than triples, the discharge per square
mile drops from 331 acre-feet to 89 acre-feet, an indication of the climate
over the lowar course, Prairle gireams, wtarting their flow sarlier than
thoge in the mountains, angment the spring and early summer flow of the
Red Deer at Empress. Flow in Jamuary and Pebruary is higher at Red Deer
than it is at Empress. Chinooks are not a characteristic at Red Deer,
but modified temperatures resulting from c hinook effects may account
for this anomaly,

Downstream from Empress the Red Deer joins the South Saskatchewan
river, The natural Canadian flow below the Jjunction has been estimated.l/
By adding the United States' share of the St. Mary river, the total
natural flow is obtained. Thig is given in gummary form in Table 7.

Swift Current Creek is the only tributary of any size to Join the
South Saskatchewan river downstream from the Saskatchewan border. It
has 1tg scurce in the eastern spd of the Cypress Hills and flows
northward. An annual record of flow was kept at Swift Current from
1910 to 1931, After a break of two years, records from March to October,
to the present day have been kept. Runoff for ths period averaged
53,050 acre~feet,

At Saskatoon there is little appreciable difference from flow
ratterns at the border, The average anmual runoff has increaged 200,000
acre-feet,supplied minly from groundwater and from small streams like
Swift Current Creek, The discharge has decreased from 178 acre-feet per
square mile to 150,

1/ "Summary .,..Syatem," irie Pro ¥, B t X cit.
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Pable 7.- The Flow of the South Sagkmtchewan River Near the Alberta-—
Saskatchewan Rérder

(1) Monthly discharge (c.f.m,)

Average monthly discharge
4] N b J P M A M
649 39823 24163 2118; 2212; 44983 10,326; 18,944
J J A S
32:3L"13 20,948; 11,508; 8,717

Maximum monthly discharge

0 ¥ D J ¥ M A M
15,710; 7482; 4402; 75303 6022; 13,641; 28,082; 56,276;
J J A S

66.“‘53; 55.364; 27,139; 24,690
Mintmm momthly discharge
0 N D J ¥ M A M J
2245; 1550, 4785 M424; oWs; 1663; 3222; 8412; 13,280;
h) A S
8166; sS?ude; 42857
(2) Anmal papoff
Average anmal - 7,530,285 acre-feet

Mgximum anmial - 13,455,112 acre-feet
Minixam anmal - 4,295,012 acre-feet

(3) Draipage area: 42,287 square miles,

(4} Digcharze: 178 acre-feet per square mile, )
Source "Summary ...ngri:m:t.,i Prairie Province Water Board Revort No, 1,
Regina, 1950,

At The Forks a similar regimen is found, No large streams have

Joined the river. Inflow supplementing the exotic Ylow is in the form
of gpring runoff from streams, dry for most of the year, and from ground-
water. The matural flow of the South Saskatchewan river at The Forka is

given in Table 8,
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Table 8.~ Flow Characteristics of the South Saskatchewan River at
The Yorks

(1) Momthly &ischarge (c.f.m,)

Average monthly discharge
o ¥ D J F M A N
7240; 4187; 24883 199%; 1922; 35845 12,940; 17,040;
J J A S
30,902; 24,830; 13,263; 10,044

Ma.*.simm monthly discharge

N D J r M A M
18,076; 9620; 5188; 8795; 4260; 14,217; 26,072; 52,080;
J J A (5] ‘

63,3173 58,137; 35,4153 30,555
Minimum monthly dlscharze

0 N D J F M A M J
29163 1060; 464; 353; 344; 808; k809; 8091; 10,161;
J A 3

9920; 6012: 5524

(2) Anm of £
Average anmual - 7,894,285 acre~feet
Maximm anmal - 14,658,000 acre-feet
Minimm anmual - 4,476,012 acre-feet

(3) Draipage Area: 62,500 square miles,

(4) Digohapse: 126 acre~feet per square mile, )
Source: “Summary ... System,® Prairi ¥ater Board R Fo, 1,

Regina, 1950.

The characteristics assoclated with South Saskatchewan river are re-
capitulated as follows: Average anmal runoff figures emphasize the im-
portance of the mountain region as a source area. The Bow River has an
average anmial runoff of 2,687,769 acre-feet, At Banff, 1,028,000 or 38
per cent has been collected from aboat nine per cent of the total aresa,
The Spray River, a typical mountain tributary, has an area of three per
cent of the total catchment, yet it contributes 361,000 acre-feet or 13
per cont of the Bow's discharge, O(Other mountalin tributaries alsc make
substantial contributions to the flow of the main stream,

The Red Deer and the Oldman have similar characteristics. The first
reliable measuring point on the Red Deer is beyond the mountains at a town
of the same name, The runoff of 27 per cent of the catehment is measured
ani the anmual average is 1,326,000 acre-feet or 83 per cent of the total
runoff. The Oldman at Fort Macleod, again on the plains but collecting
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mainly mountain runoff, has an anmal average of 1,022,000 acre-feet,
The Belly and the St, Mary rivers add another 681,187 acre-feet. In
all 61 per cent of the runoff is collected in tut 2,843 square miles

or 29 per cent of the Oldman “cdtchment. The St, Mary river near the
International Boundary, where it leaves the uplands, has an anmal run-
off of 658,700 acre~feet, This is about 24 per cent of the total runoff
of the Oldman river, although it is collected from only 497 square miles
of five per cent of the Oldman catchment.

Relationships between the Oldman, Bow and South Saskatchewan rivers
emphasize again the importance of the mountains. The Bow river contri-
vates 2,687,789 acre—feet or 34 per cent to the average anmal volume
of the South Sagkatchewan, The catchment ares is 9,705 square miles or
16 per cent of the total, Hence, as already pointed out, the average
contritution of these two rivers is abmt 70 per cent of the total volume
of the Soath Saskatchewan river,

At Medicine Hat the South Saskatchewan river has flowed through
chly about 33 per cent of its drainage area, yet it has collected aa
runoff, 5,906,558 acre-feet, or 75 per cent of the total volume, The
addition of runoff from the Red Deertributary adds a considerable volume
to the flow of the South Saskatchewan, At Empress the runoff is 20 per
cent of the total, The drainage area is about 30 per cent of the catch-
ment of the South Saskatchewan river,

The combined runoff of the Red Deer and the South Saskatchewan
rivers bdrings the total volume to 7,530,285 acre-feet or 95 per cent,
although over 30 per cent of the drainage area has still to be covered.
At Sagkatoon the runoff of the South Saskatchewan river {E? 98 per cent
of the total,

This analyslis tends to emphasize the importance of the mountain
region to the total catchment. In the long journey eastward over the
Plaing, the rivers, to a large extent, function as canasls conveying
the surface water from the mountains to 1ts destination in laks Winnipeg.
The runoff supplied by the prairie streams ig of little significance in
terms of total volume when ¢ompared with the quantity in the mountains.

2. Sagkat Rive

After the North and South Saskatchewan rivers Jjoin at The Forks to
form the Saskatchewan river, the flow patterns reflect the combined
characteristics of these two major tributaries, The water year 1926-27
may be taken as an example, In that year volume of the South Saskatchewan
river at The Forks was 5,435,000 acre feet above the average, &n increase
of 70 par cent, In the Forth Saskatchewan river the increase over the
same period was 2,527,000 acre-feet or 40 per cent of the average figure,
At The Forks the combined volume was 22,085,000 acre-feet, an increase of
7,960,000 acre-feet or 56 per cent of the average figure, At The Pas the
increass was 9, 266,000 acre-feet or 52 per cent above the average,
{Tadle 9).
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Table 9,~ "Natural" Discharge of the Saskatchewan River for 1926~27 and
the Average for 1911-48, with Comparisons af

2 ¢ Average : Deviation of :
2 Year : for years : 1926-27 flow : Per cent of
River 11926-27 : 1911-48 : from average : deviation
- acre '~feet in thousands - = per cent -
North Saskatchewan
at Forks 8,859 6,332 R,527 Ko
Soath Saskatchewan
at Forks 13,226 7,791 5,435 70
Saskatchewan at
Forks 22,085 14,125 7960 56
Sagkatchewan at
The Pas 26,985 17,719 9,266 52

8/ The “Natural® digcharge is the reconstructed natural flow estimated by
the Prairie Provinces Water Board,
Xoarce: "Summary ,..System,% Prairi ovinges Water B Report N ’
Regina, 1950,

_The average volume of the North Saskatchewan at The Porks 1s 6,332,000
acre-feet; the average volume of the South Saskatchewan is 7,791,000 acre-
feet, Hence, under average ¢ ondifions the contribution of the South
Sagkatchewan is the larger, being 56 per cent of the total volume,

The North Sagkatchewan river is, however, a more reliable sarrce of
water, Anmal variation in runoff is lower by about 30 per cent than that
of the South Saskmtchewan, Although the absolute monthly maximam is higher
on the South Saskatchewan than on the North, the minimum is about half that
of the North Saskatchewan, The poassible range on the South Saskatchewan is
62,973 c¢.f.m, On the North Saskatchewan it is 58,797 c.f.m. The latter
river also has a higher runoff per square mile, Hence, it may be said
that, although the South Saskatchewan contributes a greater volume of
water to the Saskatchewan river, its flow is less reliable,

Between The Forks and lake Winnipeg several streams join the Saskatchewan,
These include the Torch river from the north, the Carrot and the Pasquias
rivers from the south.

At The Pas, records have been kept since 1911, Extremes of stage
occurred on June 11, 1948 ( 105,500 c.f.s,) and February 3-4, 1930
(1,790 ¢.f.8,). Anmal vunoff in acre-feet varies as follows:

Average anmal - 17,822,285

Maximm (1915-1916) = 28,245,000

Minimum (1940-1941) - 9,035,000
These figures are for roconsimcturod natural flows of the river, Actual
flows are somewhit different.l/ )

1/See "Summry ...System? Prairie Provinces Water Board Report No, 1, Regina,1950,
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The Pas is aboat 200 miles east of The Forks, In that distance the
average anmal runoff has increased& by about 3,600,000 acre-feet, The
catchment of the lower Saskatchewan river contributes more per unit area.
The decrease noted over the semiarid plains is no longer a characteristic
in this more mmid region, A major difference, when comparing these figures
with those for statlions $o the west, ig to be seen in the riverts regimen,
There appears now & definite retardation of the summer maximum, At The
Forks June is still the month of maximum flow, tut by the time the river
reaches The Pag, July has become the month of maximim flow and high flow
remains through August. Several factors combine to account for this later
summer meximam, Of thege, the distance from the major socurce of water
supply and the temporary ponding of water in the maze of waterways east
of The Forks are the %wo most important.

Betwesen 1912 and 1918 a hydrometric station was located at Orand Rapids
near the mouth of the Sagkatchewan river. The record for most of those
years is incomplete, but in 1915, 1916 and 1917 the runoff was between
21,000,000 and 27,688,000 acre-feet.l/ The station was re-established in
1951, The regimen iz similar to that of The Pas except that the July
maximum becomes more definite, In 1951, August was the month of maxieum
flow,

Immediately to the esast of Gra.nd_Ra.pida'. the Saskatchewan river empties
into Iake Winnipez, and its identity is lost, Drainage from the lake is by
way of the Nelson river to Hudason Bay,

E. Sumpary

The high proportion of the runoff that originates in the Rocky Mountains
is an outstanding characteristic of the Saskatchewan River System., On the
Plaing, the flow in prairie streams depends on mummer precipitation which
as & rule is less rellable than what falls in the mountains ani the evapotran-
spiration ia greater. A major feature regarding the regimen of the river
system 1s the prevalence of a pummer maximm, This maximum varies in time
somevhat depending on the time of the snow thaw, the duration of the frontal
rain periocd and the frequency of comvectional rain, In general the
characteristics of the Saskatchewan river are similar to other great rivers
having their origin in the Rocky Mountains and flowing eastward, Diffsrences
in detail are due to the northern location of the Saskatchewan and consequently
the increased importance of the freezing period as a modifier,

1/ ¥igures supplied by the ¥Water Resources Branch, Winnipeg, Man., from old
Department of the Interior Records. The flow for Jamary and February
was egtimated,
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TREFACE

This report is one of a series of three reports, which, in conjunction
with the report entitled, ™A Survey of the law of Water in Alberta,
Sasitatchewan and Manitoba," by Mr, P. Gisvold (Edmonton, 1956} makea
beginning at answering some of the questions raised in the terms of
reference that cutlined the work., The latter called for *,,. a broad
study of interprovincial watersheds which will co-ordinate (a) all facts
known concerning their geazraphical location in relation to present and
probable future human activity and needs; (b) the economic significance
of various physical and engineering possiblilities related to these
activites; (¢) present and required legal framework regulating luman
activity in relation to water; and (d) other relevant aspects.

In addition to the law study Jjust mentioned, these reports are
ag follows:

Report No., 1, "Preliminary Investigation of the Economic Significance
of Water Requirements Relative to Human Activities and Needs in the
Sagkatchewan River Basin,®

Report Fo, 2, "“Fhysical Features of the Saskatchewan River Basgin."

Report No. 3, "Annotated Bibliography of Selected Documents
Pertaining to Water Allocation and Utilization in the Saskatchewan River
Bagin,"

The documents used in the present report are Camadian or refer to
Canada, and the selection emphasized data concerning Western Canada,
Yo attempt was made to 1list all data referring to water the world over;
and in fact, no claim is made that all of the distinctly Canmadian data
have been listed.

Acknowledgment is dne to Miss Jean M, Rylance for'h;slp in assembling
the material, Special thanks are due to the late Dr. L.B, Thomson and
to Dr, C.C. Spence for encouragement and help,
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CHAPTER 1, BOCKS

1. land

Bracken, John, Dry Parming in Western Canada, Winnipeg, Man., Grain
Growers' Guide Ltd,, 1921, 38pp.
See Ch, 2, "The Climate of Western Canada im its relation to Crop
Prodnct:lon, Ch, 4, "The Moisture Problem,® and Ch, 13, “Irrigation
Farming in Western Canada,"

Mackintosh, W.A,, Prairie Settlement: The Geosraphical Setting, Toronto,
The Macmillan Co, Ltd., 1934,
This book examines the physical basis of settlement, the possibilities
of further settlement, the actual extent and pattern of settlement and

the prospects of future development,

Morton, A.S, and Chester Martin, The Higtory of land Settlement ani Dominion
olicy, The Macmillan Co, of Canada Itd., 1938, 545pp.

Part I - Higtory of Prairie Setilement - The themes of this volume are
experiment and evelution, the development of the circumstances and the
tools by which prairie settlement was effected. The amthor discloses
gome of the extended and detailed researches in the histary of the
prairie region, He advances and supports a thesis as to khe pre-
requlgites of succeseful settlement in this region and tells of the
adaption of transport, prodnctive tachniquas and agricultural produce
which courage and ingemity made.
Part IT - Dominion Iands policy - ‘This study is focussed on the free-
hcomestead system as a land policy, Its cage is that of a grassland
region where the free homestead had its greateat chance of success,
The author analyses the development and working of the type of land
policy from its inception in Canada to its disappearance, As history,
his study is one of Dominion policy on a fromt that was of dominating
importance for half a century.

2, N¥Nater .
Denig, L,G, and J.B, Challies, Water powers of Manitoba, Sagkatchewan and

Alberta, Commisgion of Conservation Canada, Teronto, ¥Warwick Bros.,
and Buther Ltd. Printers, 1916.

This book covers the three prairie provinces; Ohapters VI-XI
inclusive deal with streams pertinent to the Saskatchewan River Basin,
For purposes of grasping some of the more essential characteristics
of the river system, this is an excellent source. The data concerning
discharge, precipitation etc, need to be supplemented by more recent
material,

Denis, IL.G, and A,V, White, Water Powerg of Canada, Commission of Conmservation,
Canada, 328pp. plus appendices, bibliography and' index, Ottawa, The
Mortimer Co, ILtd., 1911,

Deals with power and power potentialitles throughoat the Dominion
by provinces. Chapter 8 deals with Western Canada ™t it refers only
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briefly to the more immediately accessible powers, leaving to a
later study in the geries a more exhaustive analiyals,

The appeiices quote the International Treaty of 1909 concerning
boundary waters of the U,S, and Canada and acts pertaining to water
development,

The biliography (pp. 347-376) consists of books, reports and
pamphlets containing data relating to the water-powers of Canada.
However, the data is mainly for Ontario and Eastern Manitoba and not

for the prairie region.

3., P tio

England, Robert, Colonization of Western Capada, 308pp., plus appendices,
London, P.S. Xing and Son Ltd,, 1936.

A study of contemporary land settlement, (1896-1934)

The book is an effort to cover the story and the resulting structure
of the colonization of Western Canada - Manitcba, Saskatchewan, and
Alberta. ,

It is a atudy of the growth of ethnic group commnities and their
adaption to their enviromment, The story of drought conditions, the
back to the land movement, the wheat situation, the varlety of con-
ditions in Western Canada have been touched upon as part of the whole
pleture, An estimate of the contribution of the early settlers is in-
cluded and mech attention given to the relation of immigration to

colonlzatlion,
Mogt of the material in this book was written in 1933,

- Hedges, James B,, Bui he Canadian Wegt, 410 pp. bibdliographical note,
New York, The Macmillan Co,, 1939.
Deals with the land and colonization policiesa of the Canadian Pacific

"~ Railway.

The book 1s an ocutgrowth of the authors' earlier studies of the
influence of the rallway on the settlement of the northwestern states
of the United States, Those investigations aroused his interest in the
role played by the same agency to the north of the 49th parallel,
where in the Prairie Provinces one~-fifth of the land area alienated
by the Dominion Government was granted to the Canadian Pacific Railway
and its subsidiaries.

The term Canadian Wost refers to Manitoba, Sasiatchewan and Alberta,
The work has been projected Against the background of the American frontier
and American experience. Parallel-and contrasting development on the
two sides of the imsginary boundary 1ine have been kept constantly in
ming, - . }
Chapter VII deals with the: launching of the Canadian Pacific
Irrigation Co. Project.

b, Rescurces

‘Ashley, C.A. ed., Reconstmection inCanada, 145 pp. and bibliography,
Toronto, University of Toronte Press, 1943.
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This series of lectures deals with the reconstruction period
after the war. The authors discuss constitutional difficnlties, future
of wheat, importance of gold, necessity of plamning in recenstrection,
government control, immigration, education and peace treaties. There
are lectures on soil and water, forest rescurces, water, ita use and
control, construction projects, social services. The concluding
lecture seeks %o set forth some of the ideals which a reconstruction
policy should realize,

McConkey, O,M,, Congervation in Capaga, 209 pp. and bibliography, Toranto

and Vancouver, J.M. Dent and Sons (Canada) ILta,, 1952,
In this book the anthor discusses the congervation of Capadats

natural rescurces i.e. soil, water, forests, wild life and minerals.
It is suggested that Canada should develop a co-ordinated planned con-
servation program, The author compares Canada's natural resocurces with
those of other countries and describes the reeults in other countries
of misuse and lack of conservation programg. He also discusses the
conservation projects already in progress in Canada.

Moore, E.S. Elementary Geolozy for Ganada, 2nd edition, 425 pp., Toronto,
J.M, Dent and Sons {Canada) Ltd,, 19,

Part I deals with physical geology in general and Part II the
historical geology vortion deals chiefly with Canadian f ormations
and the major geographical events that have shaped this country,
This portion hag deen d.iscussed in eras and periods.

Young, G.A,, Geolozy and Economic Minera.ls of Canada, Camda Geological
Survey, Department of Mines, 187 pp., Ottawa, 1926,

5. Ecqonomics

Britnell, G.E,, The Wheat Economy, Toronto, University of Toronto Press,
1939, 241 pp. Appendix,
Thig work 1s part of an extended project carried out by the
Canadian Institute of International Affairs in co-~operation with the
Institute of Pacific Affairs on standards of living in Canada, In this
book the author presents the final conclusions of a study on standards
of living in Saskatchewan,

Fowke, V.C., Canadian Agricultura) Policy — the historical pattern, University

of Torontc Press, 281 pp, and bibliography, Toronto, 1947.
Part I - Pre-confederation period - deals with the French regime,

Maritimes before confederation, the St., Iawrence Region, the agricultural

frontier and Confederation. Part II - Federal Agricultural Policy -
deals with the division of powers at Confederation, the encouragement of
Immigration and settlement, livestock and dairy indnstries, production
and marketing of wheat and Canadian tariff policy and the farmer.
Portrayed here is the role or roles of agriculture within

territories which now form the Dominion of Canada and the relatlon these
roles have to the formation of the agricultural policies of the respective
government s.



Innis, Mary €., An Bconomic Higtory of Canada, Toronto, 1948, the Ryerson
Prenss o Breton? FIIL0ETORT s iy to 1531

Mackintosh, W.A, (etc )+ Bconomic Eggblemg of the Prairie Provinges, 280 pp.,

appendix, Toronto, the Macmillan Co, of Canada Ltd., 1935.
An attempt is made in this book to slucidate those economic

problems which are common to the whole region of the Prairle Provinces.
Although the particular economy studied is that of the prairie region
of Canada, the problemg are in the main commen to all reglons of recent
and rapid settlement. The thesls of this book is that the characteristic
and, therefore, fundamental problems are those which result from the
conjuneture of a highly variable regional income and heavy overhead
charges, It gpecifically digcusses economic trends and fluctuations,
problems of transportation and marketing, problems of finance (deals with
Alberta which is comparable to the other provinces) problems of tax-
ation (deals with Saslmtchewan) and concludes with a chapter on farm
eredit, It does not offer solutions to these problems mut rather shows
the essential characteristics of the economic problems which are inherent
in the type of settlement which has taken place in the prairis provinces
Of cm.

Murchie, R.W., Azpicultural Progress on the Prairie Frontier, 292 pp. plus

appendix "A® and “B®, Toronto, 1936, The Macmillan Co, of Canada Ltd.
This book gives the results of extensive and carsefully planned

investigations t o discover how far the settler of the Canadian prairie
has succeeded in devising a system of economic utilization of the land
and types of farming adapted to natural conditions and the possibility
of market, It is part of a gerlies describing the progress made by
agricultural pioneers of the Canadian prairies.

CHAPTER 2, ARTICLES

1, General .

- Connor, A,J, - "Drought in Western Canada® - Canada Year Book, 1933,
PP. 4?‘59. Ottawa, 1933,

Precipitation in crop years and temperature in the growing season
at certaln western points together with quotients when precipitation
is divided by temperature 1883.4 1932,

Weighted quotients where precipitation in crop years is divided
by temperature in growing period, expressed as a percentags of average
1886-1932.

Value of quotients where precipitation ig divided by temperature
in growing period, related to sun spot maxima,

Ourre, B,W, - "Weather Modification". Sagkatchewan Farm Sciepce. Department
of Extension, Unlversity of Saskatchewan. Vol. 1, No, 3, Sagkatoon,
Augnst 1954,
Briefly deseribed in this article are the stages of the precipitation

process and how man can control one stage which 1a the process of inducing the

formation of raln drops. This is called seeding" the clouds, It discusses
briefly the methods and effects of “seeding" slthough evaluation of this
project on the prairies may not be possible for four or five years,
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Hooker, Arthur, editor - Official proceedings of the Twenty-—first Inter-
pational Irrization Consresg, Calgary, Alberta, Oct, 5-9, 1914,
Government Printing Bureau 1915,

Gonta.ins. among others, papers as follows:
Hendry, M,C, - "Power and storage possibilities of the Bow River west
of Calgary". PP.278-287. |
reters, F,H, - "The Dominion Government Iaws respecting irrigation in
_ Western Canada.* pp.113-122,
Hays, D.¥, - "The relation of the farmers to the irrigation district®,
pp. 207-216. |
Stockton, R,5, "Irrigation in Alberta and the settler on irrigated
land", pp,218-229
Mantle, A,F, ~ "Irrigation and Sagkatchewan agriculture®, pp.199-204,
Muckleston, H,B, - "Irrigation enterprises of the Canadian Pacific
Railway Company in Alberta®, pp.261-274,

"Prairie Farm Rehabilitation" - §,S,T.A, Review, Canadian Society of
Technical Agrimlturists, No. 23, Ottawa, Dec, 1939.
This issue contains the following articles:

"A land Utilization Plan for Prairie Agriculture® - Archibald, A.S,

"S0il Surveys and Soil Regearch - Leshy, A.

"Economic Research in the Drought Area of Western Canada" - Coke, J,

"Iand Utilization in Alberta" - longman, 0.S.

"Iand Utilization in Sa.ska.tchewan" - Eigenhauer, B.E,’

"Manitoba and Prairie Farm Rehabilitation® - Ellis, J,H,

"Water Congervation and Resettlement” - Spence, G, a.nd. J, Vallance,

RPigricultural Improvemsnt Associations® - Sherriff, C..

"Organized Methods of Soil Drifting Control® - Palmer, A.E.

"Community Pastures and Resettlement"™ ~ Frier, O and M, Mann

"Grazing Surveys and Regrassing Program" -~ Mathews, @, D and P.W, Peake,

"Water Regources for Irrigation in Western Canada" - Rusgell, B,

"Progress of Small Water Development Projects" - Jacobson, ¥W,L.

*Iprrigation Development for Resettlement" — Fairfield, W,E., and
G.N, Denike

"Soil Erogion Control" - Gibgon W, and P.J, Janzen,

"Conserving Run-off Water and Controlling Soil Erosion" - Parker, J.S.,
W, Dickson and E,S, Hopkins,

"Sub-Stations and their Relation to Rehabilitation" - Moynam J,C. and
M.J. Tinline

Report on Prairie Farm Rehabilitation and Related Activities, Prairie Farm
Rehadbilitation Branch, Canada Department of Agriculture, Regina,
Sagkatchewan (anmual)

Contents:
Organization and Administration
Copmunity Pastures and Water Development
Rehabilitation and Resettlement, Construction,
Equipment and Supply Division, Engineering Services,
Major Irrigation and Reclamation Projects,
Other Special Projects
Appendix I - Cumulative Statement, Development and Operation of Gommunity
Pagtures under P,F.R.A,, 1938--1955
Appendix II - P,F,R,A, Community Pastures in Operation during the Fiscal Year
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Appendix 11T - Mumber of projects and amount of financial agsistance
paid since inaunguration

Appendix IV - Progress by years in the Construction of small projects
Appendix V - Water development - irrigation projects, storage, commnity
projects

Appendix VI — Major projects - Irrigation recla.mtion

Appendix VII - P,P.R,A, - Expenditure by activities,

Appendix VIII - Summary of Statistics relating to P,F.R,A, Projects.

Roe, Frank Gilbert - "Early Agriculture in Western Camada in Relation to
Climate Stability*, Agricultural Higtory, Vol. 26, No, 3, (July 1952),
PP. 104-123,

This article describes early agriculture in Western Canada, From
this information he finds no historical support to my supposition of
climatic change within the last two centuries or sc in any really
relevant sense of the temm,

Staple, ¥W.J, and J,J, iehane, - "Wheat Yield and use of Moisture omn Sub-
gstations in Sopthern Sasiatchewan", Canadian Jourmal u
Science (formerly Scientifiec Agriculture), Agricultural Institute
of Canada, Vol, 34, No, 5, pp.#60-468, Ottawa, Sept.—Oct. 1954,

This paper discusses the statistical relationship between moisture
and yleld.of wheat,

2, "lapd

“The Use and Conservation of Camada's Farm lands®, Azricultural Ingtitute
Review, Agricultural Institute of Canada, Vol, 9, No. 2, Ottawa,
March - April, 1954,

This issue containg articles on the following:

Congervation practices of Western Canada Farmers - Moore, C.M,

The Value of Conservation ~ Booth, J.F,

BettEr land Use through Irrigation - Ja.cobaon, w.L.

Drainage Problems in Iand Use - Banting, A,

Agricultural Aspects of Canada's Water Resources - Thomson, L.3,

Congervation and Flood Control - Richardson, A.H,

Urban - Rural Belationshipe in Soil and Water Conaemtion - Pleva, E.G,

The Task of Research in Conservation of our Agriecultural Resources =~
Newton, R,

Bowser, W, Harl and H,C., Moss, - “A Soil Bating and Gla.asifica.tion for
Irriga.tion Iands in Western Canada®, 11
Agricultural Institute of Canada, Vol 30 Pp. 165-171, Otta.wa.,
April 1950,

This article deals with the main factors to be considered in
classifying and rating soils for irrigation. Soil profile, type of
geographical deposition, soll texture, sallinity, degree of stoniness
wind and water ercsion and tcpozraphy.
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Endson, J,P,, "lLand Utilization and Rate of Land Improvement on Iands
in the Saskatghwarn River Delta," The Egonomic Annalist, Economics
Division, Marketing Service, Canada Department of Agriculture,
Vol. XXIV, No. 5, ypr. 104-108, Ottawa, Oct. 1954,

This article deals with some of the results of a study conducted
by the Economics Divisicon in 1953 of 27 farms in the Pasquia area or
the Carrot River Reclamatlion Project. The author discusses land use,
the rate at which the setilers have bhrought their land into produection,
and a net worthstatement to show the financial progress of the settlers.

Furd, W, Burton, "Post-war Agricultural Settlement Posgibilities in Canada,®
J of ¥arm Economics, Vol., XXVII, No, 2, (May 1945) pp. 388404,
This article attempts to summarize and explain in the briefest
possible compass the main conclusions emerging from a comprehensive survey
of agricultural settlement possibilities across Canada carried ocut
under a directive from the Dominion Ad:risory Committee on Reemstruction.
Each region is discussed separately, i.e. Prairle Provinces, British
Columbia, Ontario, Quebec, the Maritimes, Yukon and Northwest Territories
and then Canada as & whole, Although no part of these findings may be
congidered final the amthor traces a broad outline in a picture of
agricultural settlement poasibilities across Canada, which in spite of
its inadequaclies may be of use in considering gettlement potentialsin
post war years,

leahey, A., "The Agricultural Soil Rescurces of Canada, “Agricultaral
Ingtitute Review, Agricultural Institute of Canada, Vol, 1, No. 5,
Pp. 285-289, Ottawa, May, 1946,

This article deals primarily with the extent and location of the
solls in Canzda that are or can be used for agricultural purposes.
More attention 1s glven to those soils that are suitable for cul-
tivation than to those fit only for grazing purposes.

Spence, George, “Soil and Water Conservation on the Prairies,® Canadian
Geographical Journal,Vol, XXXV, No. 5, (Nov., 1947), pp. 226-241,
Discusses the reha.'bilitation of prairie agriculture and the work
of the P,F.R.A, in cultural land utilization, soil and water cmservation
programs, Briefly deseribes the large proposed irrigation projects,
i.e., St. Mary, Bow, Red Deer and South Saskatchewan River Developments,

3. ¥ater
(a) Irrigation

Ayers, H.D,, "Soll Permeability as a factor in the Translocation of Salte
on Irrigated Ia.nd.. Seientifie J_\griculture. Agricultural Institute
of Camda, Vol. 31, No, 9, (Sept.. 1951). pp. 383"3950
This article glves the results of a astudy carried out to in-
vesiigate the tmnsporta.tion and accummlation of alkali salts on
irrigation lania,
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Appleton, J.M. and F.L, Wynd, "A Preliminary Study of the Application of

the Percentage Yield Concept to the Response of Forage Crops to
Irrigation Water,* cieg&iﬁ.g Agriculture, Agricultural Institute of
Canada, Vol, 31, No. 4, (April, 1951), pp.133-147,

This paper discussas the historical background and the a.pplica.tion
of the percentage yleld concept of crop response to soil mtrients,

It gives the results of a preliminary investigation to determine
to what extent the percentage yleld concept is applicable to the effects
of irrigation water on the ylelde of certaln forage crops,

Burchill, C.S., "The Origins of Canadian Irrigation Iaws,* The Camadian
Higtorical Review, Vol. 29, No., 4, (Dec., 1948), pp.353-362,
' This article gives the origin of irrigation in Alberta, Italy
and Australlia, mmmarizes the first govermment leglalation in Australia
and in Canada and gives a comparison of the two, It also gives the
stand taken by the newaspapers with respect to irrigation and irrigation
legiglation and concludes with the authors own comments,

Cross, ¥.G., "The Need of Water Conservation in Southern Alberta,®

Eprineoring J + Engineering Institute of Canada, Vol, 23,
(May 1940 . PP. 213"215- .
An article discussing water conaervation in Southern Alberta

especially the Milk and S5t, Mary Rivers development,

Dunsmore, L.K.,, "*Historical Development of the Eastern Irrigation District,"
The ¥conomic Annaligt, Economics Division, Marketing Service, Canada
Department of Agriculture, Vol, XX, No, 3, (June, 1950), pp. 55-60.

A very brief history of development of the Eastern Irrigation
Distriet including crop census data for 1939-1948. Also discussed
briefly in thie article is the type of farming in the area as cmpared
to othe_r_irrigation districts, based on a survey in 1949,

Fleming, ¥.M,, “"Irrigation of Cantaloupes,® Sei ggj;ific Azriculture, Canasdian
zogizty of Technical Agriculturists, Vol, 16, No. 12, (Aug,., 1936). PP.
34=-643
This paper describes ¢antaloupe irrigation experiments comducted
over a three year perlod to show the effect of irrigation in the yield
and quality of cantaloupes.

Hays, D.W,, "Irrigation Development, 1ts Possibilities and ILimitations,*
ineering Jou » Engineering Institute of Camada, Vol, 22, (Jan,,
1939), rp.13-18.

In this paper, Mr, Hays deals with the subject largely from an
economic and himanfsarian point of view, and after discussing the
costs and the benefita, direct and indirect, of irrigating dry areas,
he reaches the conclusion that the cost of irrigation development
is warranted as a national undertaking, but it 1s not a matter for
private enterprise., The paper gives amhigtorical sketch and a
physical desceription of the drought area, 1t discusses problems which
arise in dealing with the farmer, and the necessity for the adaptability
of settlers,
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Hill, K,¥W,, "Effects of Forty Years of Cropping under Irrigation,"”
Scientific Agr:lculture, "Agricultural Institute of Canada, Vol, 31,
No. 8, (Aug.. 1951)o pp. 349-357.
Summarized here are data on ylelds and trends of yields over & 40-year,
period in a ten year irrigation crop rotation on a typlcal Southern
Alverta soil at the Dominion Experimental Station, Lethbridge, Alberta,
An attempt has been made to interpret therefrom information having
application to agricultural production under irrigation, Changes in
chemical content and physical structure of the soil is discussed
briefly., .

Jacobson, W.L,, "The Need and Benefit of Irrigation on the Canadian Prairies,"

ricultu Institute Review, Agricultural Institute of Canada,
Vol, 1, Fo, %, %Ma.r., 1946 ), Pp.221,226,

In this article the suthor discusses the factors which determine,
the need for irrigation and the factors to be considered in determining
the agricultural feasibility of any proposed development project, i.e.
climate, topography, soll types, cultural methods, soll improvement
and markets, He concludes that supplemental irrigation developments
have definite possibillties and offer a principal means of fortifying
agriculture againat drought. Iarge irrigation projects should be cm=
fined to the ™dry bowl,"

Kitching, H,¥., “Portable Sprinkler Irrigation Systems,® Agpicultural
Ingtitute Review, Agricultural Institute of Canada, Vol. 6, No, 1,

(Jan,, 1951}, pp. 19-22.
Briefly discusses the steps to be followed in planning the installation
of supplemental gprinkler irrigation systems,

Xorven, H.C,, "The Effect of Wind on the Uniformity of Water Distribution
by some Rotary Sprinklers,® Scientific Agriculture, Agzricultaral
Institute of Canada, Vol. 32, No, 4, (April, 1952), pp. 226-240,

This article presents the resulits of a one~year study undertaken
to determine the effect of wind on the wniformity of water application
by some rotary sprinklers at various pressures and spacings etarting
with those recommended by the sprinkler manufacturers as a result
of their routine tests to check the value of modification in their
sprinkler design.

Mackenzie, &,L., "The St. Mary-Milk River Irrigation Project," [The

Engineering Jourpal, Vol, 31, (Sept. 1948) pp. 485-496.
In this paper the saurthor outlines the early history of the Alberta

Bailway and Irrigation project at lethbridge, Alberta, its subsequent
planning which has led up to Canada's decision to make use of her full
share of these boundary waters, A description is given of the design
of component structures, how they are being built and alse a description
of tunnel design and the methods employed in building Canada's highest
earth £1i11 dam,

McKenzie, R.E., "The Effect of Harvesting Practices on Yield and Winter
Survival of Alifalfa under Irrigation," Scientific Azricultura,
Agricultural Institute of Canada, Vel, 31, No, 11, (Nov., 1951), pp.
hspl62,



This paper is a report of a study undertaken to compare crude
protein and hay yields of Grimm alfalfa grown under irrigation when
harvesting was done at three stages of growth throughout the season,
and also to find out how these cutting treatments affected winter

survival and vigour,

MeKenzie, R,B. and J,L, Bolton, "Crop Production on Irrigated Heavy
Pextured Saline soils with particular reference to the Val Marie
Irrigation Project,® Scieptific Agpiculiure, Agricultural Ingtitute
of Canada, Vol, 27, No, 5, (May, 1947), pp. 193-219.

An account is given of investigatlong relating to crop productiom
and cultural and irrigation practices, conducted on the heavy textured
saline soils of the Val Marie Irrigation project in South Western
Saskatchewan from 1938 to 1943, These investigations were carried out
to obtain informetion as to whether or not this type of land coald be
brought under irrigation succesafully.

Palmer, A.E, "Irrigation in Weatern Canada - Its Possible Effects on
Indnstry and Population,® The Engineering Journal, Vol. 31, (Sept.
1948), rp. 497-499.

Thig article deals with the potentlial development of food processing
industries arising from further irrigation development in the prairie
provinces, Briefly deseribing existing plants and their anmal value
of producstion, the anthor digeusses the possibilities for heet gugar
production and its chances of competing with cane sugar, as well as
the market prospects for canneries, creameries and other processing
industries, Possible growth in rural and urban population resulting
from irrigation development is assessed,

Peters, F,H., "Mountain Waters for the Prairie Grassland," ineeri
Journal, Vol, 22, (Jamary 1939), pp. 8-12,

The author expresses the opinion that irrigatiop waters should
be spread over as large an area as possible, providing the maximum
number of grain farms with suffictent water to ensure each year a
good kitchen garden, and a sufficiency of fodder instead of looking
for the maximum number of irrigable acres in any concentrated block.
The argument is developed following a deacription of the dry grass-
lands, rivers and water supply with reference to lack of rainfall
and to the absence of an organized plan. In conclusion, the benefits
to be derived from the suggested plan are presentsd.

Porter, S5.G., "Irrigation Engineering,™ Engineering Jourpal, Vol, 20,
(June, 1937), pp. 403-dsll,
A regume of 50 years of irrigation in Canada. It is largely historical
rather than technical, It concludes with a brief discussion of the

trend in irrigation policy.

Russell, Ben, "Water for Irrigation," Agri 2] Institute Revi
Agricultural Institute of Canada, Vol. 1, No. 5, (May, 1946),
PP. 291-29% and 309,
This article digeusses water supplises in the Sagkatchewan River
Drainage Basin and of possible water supply for empller areas in
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Manitoba, Saskatchewan and Alberta that are cutzide this drainage
basin. The problem of allocation of these waters to the provinces

is mentioned briefly. In conclusion the writer makes soms suggestions
for future development,

Spence, C.C., "Irrigation in Alberta,® Agricultural Institute Review,
Agricultural Institute of Canmada, Vol, 7, No. 3, (May, 1952),
pp. 11-14, 58-62,

The author attempts to examine the development of irrigation in

Alverta from three points of view - (1) the developing agencies (2)
the farmers as preliminary users of the facilities and (3) the state
at large which will include aa well asg the users, other groups of
society who are directly engaged in servicing the primary users and
others who have contributed to and received benefits from irrigation
development,

Spence, George, "Water for the Prairies,® Canadian hical J .

Vol, XLIV, ¥o. 2, (1952), pp. 48-57.
Thig article describes very briefly the opening of the St. Mary

River dam and discusses the two types of farming carried on in the
drought area of the Falliger Triangle: (i) ranching, (ii) dry land
faming, It also tells briefly of the projects carried on by
P,PR,A, for conservation and development of water rescurces in the
area,

Wilcox, J.C., Sprinkler Irrigation Experience in British Columbia Orchards,"

Scientific Agricnlture, Agricultural Institute of Canada, Vol, 30,
No. 10, (Oet., 1950), pp. 418-427.
In this article the author disensses the history of sprinkler

irrigation in British Columbia, favorable and unfavorable experiences
with sprinikler irrigation, speclal problems due to gprinkler irrigation
amd comparative costs of sprinkler and furrow irrigatiom,

Wilcox, J.C., "Irrigation of Bortieultural Crops - Practice and Problems
in British Columbia," Aszricultuyal Institute Review, Agriculmra.l
Institute of Canada, Vol, 7, Yo, 3, (July, 1952), pp. 20-23,

The conditions discussed in this article are those encountered
in the semi-arid parts of the southern interior of Briiish Columbia,
It deals with the climate of the (Gkanagan Valley,the effects of
irrigation on hardiness of horticulturel plants, on yield and quality
and effects on the soil, The author compares the advantage and
disadvantage of sprinkler irrigation and concludes by disecussing
the harmful effects of sprinkler irrigation on the different horticultural
craps, |

Wilecox, J.C, and G,E, Swailes, "Uniformity of Water Distribution by some
' Und.ertree Orchard Sprinklers," Sgientific Agriculture, Agricultural
Institute of Canada, Vol, 27, Ottawa, (Nov., 1947}, pp. 565-583.

This article gives the results of tests made on five aprinklar
-+ systems which were in common use for the undertree sprinkling in

1946,



Wilcox, J.C., T.G, Willis, ang W.L. Jacobson, "Irrigation of Grassland}
ggricuitural Ingtitute Review, Agricultural Institute of Canada, Vol,
10, Fo, 2, (Mar., April, 1955), prp. 21-23,
This paper deals with some of the major problems encountered in
the irrigation of pasture and hay crops in Canada,

3. Nater

() Power,

Prentice, J.S ,, "Canada's Attitude Toward the Exporta.tion of Hydro-Electric
Power," 1 of Political Eeonomy, Vol, XXXVI, No. §, (October,
1928), pp. 592624,

This article deals with the peclitical and sentimental attitudes
towards export of power which are more or less prevalent 1n Canada.
It also deals with the economic attitudes towards vested interests
and power trusts, It discusses the different attitudes of Quebec,
Hew Brunswick and British Columbia and Ontario towards export power,

Starley, T.D., “"Hydro Power Development on the Zastern Slopes of the
Canadian ﬁt:vc'.-kiete:. " The Eprineerins Jourpal, Vol, 31. Yo. 9, 1948,
PP. 500=504,

Tracing the history of early hydro power development I Alberta,
the anthor outlines early projects btuilt by Calgary Power, as well ag
the more recent ad?itions for storage and generation. The importance
of storage on rivers ariging on the Eastern Sliopes of the Rockies is
shown, as well as how Alderta rivers are naturally divided between
storage andproduction sections. Varioas local problems in design and
operation are disenssed, Reasons are glven why atorage for power is
advantageous to irrigation. In conclusion, Alberta’?s hydro power
resources are described and suggestions given as tc how they my be
fully utilized, .

Stephens, D,M,, "The Sasimtchewan River and Manitoba's Water Problem,*
The Engineering Jouymal, Vol. 31, (Sept., 1948), pp. 470-475,

This paper, primarily a statement of Manitoba's claims on
Sagiatchewan River water, alsc pointe out that the Prairie Provinces
must decide between more kilowatt hours in Manitoba, with the in-
dustrial develerment they will bring and more irrigation in the two
other prairie provinces with its resulting stimilus to farm production,
The five regions of the prairie provinces are discmssed in relation to
their needs for water, The proposed diversion of the Sasimtchewan for
irrigation purposes is translated into hydro electric power lost %o
Manitoba, and economic effects are evaluated, Maintaining tmt a
rlecemeal approach to prairie water problems is not good enough, the
author urges the early formation of a Weastern Water Board.

&
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3. m
(¢) Other

Bolton, J.L, and R, E, McKenzie, “The Effect of Early Spring Flooding on
Certain Forage Crops,* Scientific Agriculture, Agricultural Institute
of Canada, Vol, 26, No, 3, (Mar,, 1946), pp. 99-105.
This paper presents the results of experiments carried wut to

determine the survival effect of spring flooding on certain commonly

- grown forage crops, I{ relates to individual spring flooding projects
although the experiments were carried cut at the Val Marie and Bastend
irrigation projects,

Forsaith, T.5., “Development of a Formla for Estimating Surface Hun-off®,
Selentific Agricunlture, Agricultural Institute of Canmada, Vol, 29,
NO. 10’ (Oct'l 19‘“’9) PP-%S"L"B]--

This article discugses some of the aspects of the run-offproblems
for small watersheds as commonly encouhtered in soil and water cone
servation work., An analysis of Dominion Water and Power Bureau records
for streams of the Scuthern Prairies is presented in an effort to dbring
existing data into a more usable and applicable form. An empirical
formla is proposed for the southern portion of the Prairie Provinces,

Griffiths, J.A., "The History and Organization of Surface Drainage in
Manitoba," Paper Presented before the Winnipez Branch, Eggineering
Ingtitute of Canada, Winnipeg, Manitoba, 1952, (typewritten) 26pp.

In this paper the amthor describes the early history of organized
drainage in Manitoba. He tells of the first "land Drainage Act® and
the procednres to be followed in forming "Drainage Districts" as set
out by this act, Ha discussgses the smccess and the fallures of these
districts and the general dissatisfaction with the services provided.
He deals with the investigations and recommendations of four different
commissions appointed to improve these conditions, and the setting up
of Drainage Maintenance Boards their organization and authority,

Rusgell, Ben, “The Water Resocurces of Alberta,® ineering Journal,
Vol. 31, (Sept., 1948), pp. 476-484,
. The anthor outlines the Alberta Water Rescurces Act and other
Dominion and Provinclal legislation affecting water resocurces of the
province, Surface waters are clagsified and the varlous drainage basins
delimited, A brief description of the several irrigation projects
exigting and projected is given, Development of power in the province
is noted and the growth of energy production recorded. Also discussed
are available water supplies as related to demand, factors limiting
beneficial use, benefits accruing from intercomnection of power from
the Bow and Red Deer, intermational md interprovineial problems
respecting the diversion of water etec, The paper concludes with
a description of the administration of water areas and drainage
districts, md an explanation of how the duty of water for irrigation
has been determined,
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Wileox, J.C., J.L. Mason and J.M. MeDougald, “Consumptive Use of Water in
Orchard Soils, II, Effects of Evaporating power of Alr and of Length
of Irrigation Interval," Scientifi riculture, Agricultural Ingtitute
of Canada, Vol, 33, No. 3, (May-~June, 1953), pp. 231-245,

This paper deals chiefly with the effects of: (1) the evaporating
power of the air and (ii) the length of the irrigation interval, on
the rate of consumptive use, 4 brief report is also made of the varia-
bility in consumptive use across & panel from one row of trees to the
next,

4. Population

Campbell, D.R,, “Neo-Maltlusianism, its Origin, Decline and Recent
Renaissance,® Agricultural Ingtitite Review, Agricultu.ra.l Institute
of Canada, Vol, 10, No. 1, (Jan.-¥feb, 1955), pp. 13-=17.

This article deacri‘bes the origin of Maltlmsianism, traces its
decline during the last century and tries to supply reasons for its
rehirth in the last few years., Then it examines the evidence (applied
to Canada alone}, and finds it largely against Neo-Maltlusianism,
There follows a prediction of cur domestic demand for food over the
next 30 years and our ability to meet these requirements, Finally,

it tries to put Neo-Malthusianism and its opposite mmber "Micawberism®
in perspective to assess what is zood and what is dangerous about them,

Koyfitz, Nathan, "The Growth of the Canadian Population,® Population Studies,
Vol. IV, ¥o., 1, 63 pp.
An attempt to estimate how mich the growth in population of Canada
has been the resalt of imnigratlion from abroad and how much the natural
increase of resgidents,

5. Resources

Ha-nson. L R., G-razing Use of Forest Ia.nds. Page; p gented at the a.nm:.al
g.of : = estry, Bank , Alberta, Oct, 11—

13. 1951

Use of foreat land by range livestock is considered in its relation
to other simltanecus uses of the same land, Conflicts between grazing
and other uses such asg timber, wildlife, recreation and watersheds is
discussed and it is the author’s intention to show that in the final
analysis, grazing is a legitimate &nd proper use of forested wild lands
and that it fits into the multiple concept, even to a point of being a
helpful tcool in the management of such lands,

Kennedy, Howard, "The Bastern Slopes," Forest Chronicle, Vol, XXIV,
¥o. 1, March, 1948,

This article gives the location and a description of these slopes,
and discusses the problem of forest conservation confronting the Dominion
and Provineial Governments not only from the economic value gtandpoint, tut
becanse of its regulating effect on the flow of streams originating within
the watershed, The history of dominion and provincial responsibility and
the formation of the Eastern Rocky Congservation Beard is discussed along
with the Board's purpose, its status and scope and its program,
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6. Economicg

Anderson, J,L,, "Paying Off Indebtedness on Irrigated land,“' The Economic
Amnalist, Economics Division, Marketing Service, Ganada Department of
Agriculture, Vol, XIV, No, 3, August, 1944, °

This article deals with reduction of indebtedness in the Taber
and Eastern irrigation districts and the association of type of farm
to the rapidity in which indebtedness is reduced,

Britnell, G,E,, "The Rehabilitation of the Prairie Wheat Economy,® The

g;agg.,g,i_a;x_&’_%_lrbal of Economics and Political Science, Vol. 3, Wo. 4,
(Nov. 1937}, pPP. 508-529. _
In this article the anthor discusses the climatic and economice

problems of the prairie wheat economy and several measures that have
been proposed to provide stability. Among these are proposals to

take some land out of wheat production, crop insurance, and the work of
P.F.R.A,

Fowke, V,C., "Bconomic Effect of the War on the Prairie Economy," The
Capadian Joarns) of Fconomics apd Political Science, Vol. XI, No. 3,
(Aug, 1945), pp. 373-387.

The effects of the war on the prairie economy can best be con=-
sldered against a background of three elements - one of them general
andi two more specific. These background elements are sketched in
briefly. First and most general of these elements 1s the historical
position of Canadian agricultural groups and agricultural commnities
in wvar-time situations. The secord is the specific positlon of the
prairie economy in relation to the First World War, The third is the
familiar record of pralrie agriculture throughout the depreasion of
the nineteen thirties, .

The purpose of this paper wam to suggest the degree and manner
in which the war modified the prairie economy,

Hi1), K.¥,, "Specialty Crops in Cangdian Irrigation Farming - Results on
¥estern Canadian Farms," Agricultural Institute Review, Agricultural
Institute of Canada, Vol, 5, No. 5, (Sept. 1950), pp. 11-15,

The author dlscusses ylelds, costs and returns, and the advantage
of producing specialty crops on irrigation farms,

Hdson, S,C, and LB, Fortier, "The Economics of Grassland Farming,"
Agricunltoral Institute Review, Agricultural Institute of Canada, Vol, 10,
Yo, 2, Ottawa, (Mar. - April, 1955), pp. 70=72.

The economic advantages of grassland farming are dealt with in this
article in terms of changes in farm organization, invewmtment, costs and
returns res:lting from the program on individual farms, The anthomalse
discuss = briefly the importance of grass in Canadian sgriculture.

Kline, C.M,, "Production and Marketing of Potatoes from the Irrigated Areas
of Alverta," The Economic Annalist, Economics Division, Marketing
Service, Canada Department of Agriculture, Vol, XIX, No, &4, (Aug, 1949),
pp. 85-87

This gives the production and acreage of potatoes in the four
western province from 1938 to 1948 and a comparison of production on
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Stewart, A,, "Economic Survey in the Drought Area," The Economic
Mist, Econorics Division, Marketing Service, Canada Department
of Agriculture, Vol, ¥II, No, 3, {June, 1937), pp. 39-43.

This paper outlines the nature of the material which hss "been

collected in the survey of the Sounding Creek area of Alberta.
It indicates how such studies may fit into the general attack on
the problems which exist, and mggests what contribution they may
be expected to make towards the solutions of these probleme. The
Problems of the distressed area are: vacant, abandoned and idle
land, disused and delapitated buildings,. depleted inventories and
of discouraged and defeated people.

Summaries of Farm Businesses by Types of Farming for the Crop Year
. 1948-49 in the Five Irrigation Digtricts of Southern Alberta,

Economics Division, Marketing Service, Canada Department of
Bgriculture, Edmonton, Alberta (unpublished)

This booklet contains 13 summaries showing the average for the
three farms with the highest, and the average for the three farms
with the lowest "Net Return to Capital and Family Iabour® as com-
pared to the average for the district and type.

Stutt, R.A,, “The Economic Agpects of land Uge in Saskatchewan,® The

konomic Annalist, Economics Division, Marketing Service, Canada
Department of Agriculture, Vol, XIX, No, 5, (Oct. 19“9), PP.
109=114,

This article deals with the characteristics of Saskatchewan
agricultural rescarces, l.e. size of area under occupatlon, under
cultivation, size of farm, types of crops etc; the agricultural
capaclty of Saskatchewan; teclmical changes contributing to sgri-
cultural capacity in recent years such as changes in cultural
practices, improved varietieg of grain, improved management practices,
and advances in mechanization, Alsoc discussed are other changes
associated with production i,e, re-organization of school units and
migration of families from farms to towns and cities, Following this
the author deals with changes in 1a-nd use and an economic clasgification
of land, He concludes with a discussion of under and over use and
inefficient ugse of land resources,

o CHAPTER 3, GOVERNMENT DOCUMENTS
1, Genoyal | . Ce . i

Champlin, M.J., B.G, Booth, R,0, Bibvbey and C.G, Waywell, Rainfall Records
for Sa&tchem Department of Field Husbandry, University of
- Saskatchewan, Agricultural Extension Bulletin, No, 18, 30 pp.
This lletin records the average anmial precipita.tion from
1886-1949, 1896-1949, 1906-19%49, 1916~1949, 1921-1949, 1926-1949,
© 1940-1949 and total anmial, total seasonal and total ¢ rop precipitation
at 36 stations in Saskatchewan.

Cronkite, F.C. (chairman) Report of the Saskatchewan Recongtmction Council,

Department of Reconstruction; labour and Public Welfare, Govermment of
Saskatchewan, 269 pp. Regina, Sasiatchewan, 1944,
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This report presents suggestions and recommendations of the
Council which in their opinion would give a fuller life to the people
of the province of Saskatchewan. It gives an analysis of proposed
recongtruction projects in agriculture, natural resources, communications,
indusiries, powsr, social service, health and medical services, position
of lahor, education, rehabdilitation of service personnel, housing ete.
hppendix 5 (printed separately) - This investigation is concernsd
with the economic possibilities of new manufacturing or processing
indusiries based on farm products as new materials, It only considers
other natural resources such as coal and wood in so far as they may
compeie with agricultural products.

Department; of the Interior Anmal Report » Government of Canada, Ottawa,

1894 o 1912,
See Appendix t¢o this bibliography for details,

Riegen, H,G¢, and E, Kuiper, Interim Reports on Saskatchewan River Re—

2.

clapafion Project, Prairie Farm Rehabilitation Branch, Canada
Depariment of Agriculture, Regina, Saskatchewan, 1953-54,

These are reports of various studies carried out during the over-
all investigation of the Saskatchewan Reclamation Project.
Interim Report ¥o, 1, deals with degree of protection of the land by
dikes or other structures.
Interim Report No, 2 deals with dikes, Pasquia area,
Interim Report No. 3 deals with hydrometric surveys 1953,
It describes a trip on the Sasgkatchewan River and its tributaries for
the purpose of atiempting to predict the fubture behavior of the
Sagkatchewan River after eventual reclamation of its flood plains;
and the conclusions to which it led.
Interim Report No, 4 deals with history and geoiogy.
Interim Report No, 5 deals with drainage ~ Pasquia area, It discusses
the romoval of local runoff from the land.
Interim Report No, 6 deals with ocutline of investigations. This outlines
the nature and scope of the hydrometric, topographic and other sxrveys
that were to be carried cut in connection with the investigations,
Interim Report No, 7 deals with the hydrologic studies., It deals
with ©he origin and nature of flood flows on the Saskatchewan River,
Carrot River and Pasquia River and the magnitude of the design flood
in the Pond area, .
Interim Report No, 8 deals with the hydrometric sarveys of 1954,
Interim Report No, G = notes on river morphology. These notes were
based on the hydrometric surveys, subsequent office studies, any
avallable literature on the subject and notes of discussions,
Interim Report No, 10 = deals with the computation of the design flsod
levels for the Saskatchewan River Reclamation project.

dend

Horsey, G.F., Carrot River Reclamation Projegt. Dominion Water Power and

Reciamtion Service, Cavada Department of the Interior, 17 pr.,
Ottawa, 1924,

Report of a survey carried out to investigate the reclaiming of
the large area of flat swamp lands lying between the Saskatchewan and
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Carrot Rivers immediately west of the Pas Manitoba which are subject
to periodic flooding. This report discusses the area in gereral,
its soil, vegetation, timber, present value ete, and describes the
effect of floods on the area, It presents a general scheme for the
reclamation of the district and deals with the five alternative
schemes based on the gemeral plan,

Mitehell, J,, H.C. Moss, and J.S. Clayton, Soil Survey of Sauthern
Sagkntchewan from Township 1 to 48 inclusive, University of Saskatoon,
College of Agriculture. Soil Survey Report No, 12, 249 pp., Saskntoon

1944, Appendix gives soil textural classes usged in Sagkatche wan, Maps.

Palmer, A.E,, Preliminary Report of Ingegtiog of Soilg and Topg;r_a_'ggy
f the Proposed South Sagkatchew ation Dev nt, P.PR.A.,
5 pp. BRegina, (mimeographed) n.d. Zl9’+9§.
A report of the authors trip to evaluate the soils ratings for
irrigation made by Dr, Mitchell, professor of soils, University of
Sagkatchewan and his comments on the soils, topography and climate

of the area, He gives a preliminary (general) estimate of the Pro-
Ject and makeg some suggestions for additional investigation.

Riesey,H.G. and B, Kuiper, Sagkatchewan River Reclamation Project, Pasguia
A near the Pas, Manitoba Pr g Report, Canada Departmert of

Agriculture, Prairie Farm Rehabilitation Branch, 8 pp., maps, Begina,
Sagkatchewan, 1951,

This report on the reclamation of the Pasquia Seation of the
Saglmtchewan River Delta region summarizes the results of surveys and
investigations which have been made to date. It is an engineering
report on the possibility of reclaiming the Sasimtdhewan River Delta.
It algogives a cost estimate for reclaiming the area.

Riesen, H.G, and, E, Kaiper, Report of Saskatichewan River Reclamation

Pro,jegt. Prairie Fa.rm Rehabilitation Branch, Canads Department of
Agriculture, 35 pp., Iigt of Interim Reports, bibliography, maps, Regina,
Sagkatchewan, 1956,.

' This report dsals exclusively with engineering aspects of the over-
all gtudy of the feasibllity of reclaiming land in the delta of the
Sagkantchowan River,

In Part 1 of this study, the engineering staff has aimed at attaining
a d.egree of accuracy commensurate with the exploratory nature of _the
subject,

Part Ii concerns the actual development of the Pasquia area.
- (135,000 ac, ).

Soil Moigture, Wind Erosion and Fertility of Some Camadian Prairie Soils,

ivision of Fleld Husbandry, Soils and Agricultural Engineering,
Experimental Farmg Service; Canada Department of Agriculture, Publication
819, Tech. Bulletin 71, 74 pp. Ottawa, 1949,
This dbulletin deals with theproblems of soil molsture, soil fertility
and soil erosion, The subject matter deals in genmeral with the brown and
dark brown g oll of the Prairie Provinces and particularly with the soils

and climatic aonditions of scuthwestern Sa.skatchewan. The main period
covered in this alletin is 194347,
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Wyatt, P.A, and J,D, Newton, Soil Survey of Medicine Hat Sheet, Department
of Extension, University of Alberta, Bulletin No, 14, 76 pp., maps,
Fdmonton 1926,

Wyatt, F.A. and J.D, Newton, Soil of Sounding Creek Sheet, Department
of Extension, University of Alberta, Bulletin Wo, 16, 66 pp., maps,
Edmontion, 1927,

Vyatt,_F.,AMJ.,D, Newton, W.E, Bowser and ¥, Odynsky, Scoil Survey of Rainy
Hillg Sheet, Department of Extension, University of Alberta, Bulletin
Fo, 28, 56 pp., maps, Edmonton, 1937, .

Wyatt, P.A.,J.D, Newton, W.E, Bowser and W, Odynsky, Soil Survey of
Suliivan lake Sheet, Department of Extension, University of Alberta,
Bulletiin No, 31, 102 pp., maps, Edmonton, 1938,

Wyatt, F.i,,J.D, Newton, W.EB, Bowser and W, Odynsky, Soil Survey of Rosgelud
and Banff Sheets, Department of Extension, University of Alberta,
Bullei;in No, 40, 126 pp., maps, Edmonton, 1943,

3. Nater
(a) Irrigation

Albverta Department of Agriculture, A Guide to Potato Production under
Irrigation in Alberta, Field Crops Bra.‘nch Alberta Department of
Agriculture, Bulletin No, 2, 10 pp., Ed.montcn. 1950,

This booklet contalns 'basic firsgt hand information on potato pro-
duction under irrigation which will be useful to guide the beginner
who ventures into the potato business as well as be of aid to the
veteran grower,

Anderson, G.G., Be thhri Northe afion Digtyri
Government of Alberta, 38 pp., Edmonton, 1920,

The aunthor hag presented, in thias tulletin, facts bearing on
the engineering, financial and administrative prdblems involved in
the planning and completion of the Iethbridge Northern Irrigation
Project. These facts are presented not soley as applied to the particular
undertaking tut as related to the determination of general policies
affecting the development of the agricultural resouirces of the Province
of Alberta.

Burchilil, C.S,, The Desvelopment of Irrization in Alberta = An Higtorical
Survey, Beonomics Division, Marketing Service, Canada Department of .

Agricalture, 42 pp. plus appendix, Edmonton, 1950, (mamiscript),
inhistorical report of the development of irrigation in Alberta.

It deals with private, corporate and commnal developments and

problems of irrigation development i.e. engineering, colonization

and financial problems. It discusses subgidieg and gpeculation

and concludes with a chapter on viability of irrigation districts,

Apperdix A deals with dissemenation of the benefits of irrigation.
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Ca.nada., Department of Agriculture, Full Development Possibilities in the
Sagkatchewan River Bagin, P.F.R.A,, Hydrology Report No, 1, Hegina,
Sagkatchewan, 1952, 5 chapters, appendices, maps,

This report reviews the more important development possibilities
in the Saskatchewan River Bagin and the Nelson River., Discussed in
this report are the various uses of water, factors effecting full
development, existing uses and full development possibilities.
Appendix A - Bibliography
Appendix B - Status of Basic Data
Appendix C - Recapitulation of Existing and Proposed Projects.

Canada, Department of Agriculture, Water Supply and Irrigation in the
Swift Current Creek Bagin, P.F.R.A., Hydrology Report No. 7, Regina,
Saskatchewan, 1955, 16 pp., Appendices, maps,

This study was undertaken to ealuate the supply of water in the
Swift Current Creek Basin so as to determine its adequacy for future
posaldle irrigation developrgent This report gives a demeription of
the basin, an mtline of P,F,R.A, development to date and a simmary of
data available in the basin, It sets forth the assumptions mide con-
cerning future demands for water and the methods ugsed for ressrvoir
operation and a gummary of findings. The concluding chapter deals with
water gupply for P.,F.R.A, and for other uses, adequacy of resarvoir
facilities and recommended rules for reservoir operation,

Appendix A ~ Irrigation Requirements

Appendix B - Domestic, Industrial and Riparian Requirements
Appendix C - Regervoir and Project Operation

Appendix D - Period of Study and Reconstrucétion of Records.

Canada, Department of Agriculture, Water Supply and Irrigation in the Biggtick
leke Bagin, Canada, P.F.R.A,, Hydrology Report No, 8, Regina, Saskmtchewan,
1955, 1llpp., appendices, maps and charts,

A report on a study made of the water supply of the Blgsiick River
Bagin and the various demands which it mst meet, It deals sgpecifically
with the natural flow of the basin, the adequacy of water supply for
exigting developments and availability of water supply for fuvrther
development .

The appendices include sections on assumption for water supply
study, summary of drainage division report, preparing for floods,

Jand use surveys, solla and crops and water rights summary,

Canada, Pepartment of Agriculture, ¥ater Supply ﬂ' Utilization in Bow
River Watershed, P.P.R.A., Hydrology Report No, 9, Regina.. Sasgkatchewan,

1955, 21 pP., appendices, maps,

This report records the remults of an investigation to determine
whether the water of the Bow River can adequately supply the pianned
expansion of hydro-electric and irrigation development of new irrigated
lands which are dependent upon water from the Bow River. These investigations
showed that continued inerease in construction of hydro plants and
irrigation extensions has approached the limit of efficiemt wutilization
of the Bow River water unless different control measures were instituted.

The apprendices include discuasions of the history of the development
and of the individual projects concerned.
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Canada, Department of Agriculture, ¥ater Supply and Irrigation in the
Deer and Miners' Creek Bagin, P.F.R.A., Hydrology Report No, 13,
Regina, Saskatchewan, 1955, 8 pp., maps,

Deer and Miners' Creeks form a portion of a watersghed which
rises in Sweetgrags Hills in Montana and drain into the Milk River
in Alberta, Deer Creek has heen developed so that water sghortages
occur frequently and Miners' Creek has sufficient water to meet present
comnitments, Future development, most of which would take place in
Montana, would lead to frequent shortages and Canadian irrigation
projects would suffer mogt in dry years because of thelr downstream
location, This report gives a preliminary plcture of the water supply
and irrigation development in the area with particular reference to
international features.

Canada, Department of Agriculture, Preliminary Report on Effects of Certain

Major Projects in the Saskatchewan River Drainage Bagin, )
A preliminary study making estimates as to the effect on water

flow and total discharze at wvariouzs polnts of the Saskatchewan River,
It takes Alberta's 1949 request of 2,237,234 acre-feet as given, and,
using certain assumptions respecting proposed irrigation projects, makes
the estimates, using hydrometric data 1923-Z4 to 1947-48,

An appendix to this report makes the sauwe estimates using hydrometric
data 1911-12 to 1947-48,

Tt should be emphasiged that the findings are preliminary, and are
gubject to change, if the assumptions used must be modified in the future
ag more and better information becomes available.

Canada, Department of Agriculture, Ce Sagkatchewan Development (Southern
Sagimtchewan Deyelopment ) Summary Report of Investigations, Economics
ivision, Marketing Service and Prairie Farm Rehabilitation Branch,

Ottawa, 1950, '

A summary report of Central Saskatchewan Development. It is based
on investigations undertaken in exploring the feasibility of the
develcyment, It gives an appraigal of the area under present conditionsg,
and progpective agriculture under irrigation, It discusses the costs
and benefits of the irrigation development as well as other henefiis
such aspower, minicipal water supply, recreation and atream control,

Canada, Department of Agriculture, Comparigon of Two Altermate Developments
in Saglatchewan River Bagin, Prairie Province Water Board, Report

No, 4, 10 pp., maps, Regina, Saskatchewan, 1951,

This report compares the physical results of these alternatives
ag expressed in acres irrigated, kilowat: hours produced and cost of
development,

Canada, Department of Agriculture, Summary of Pindiness in the Economie
Survey of Two Irrigation Districts in Southern Alberta, 1949,
Fconomics Division, Marketing Service, Canada Department of Agrieculture,
Eimonton, Alberta, 1949 (Preliminary - unpublished).
4 farm business analysis of a farm survey taken in the Canada Iand
and Enstern Irrigation Digtricts in 1949,
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Bwing, A.F, (Chairman), Report of the Com_miaéion on Irrigation Develcopment
in Alberta, Fovernment of Alberta, 33 pp., Edmonton, 1937.
A report of the findings and recommendations of the commission., It
deals with the enquiries made in the irrigation digstricts concerning
the following matters, value of land, ability of farmers to pay, con-
ditions imposed by agreements for sale, or water agreement and policy
of collections, the effect and application of debt legislation with
respect to water rentals and wafer service charges and rights of dis-
tress for non payment of charges, It also presents the recommendations
of the commission for a general policy of procedure in the best interests
of irrigation.

Fa.irﬂeld., W.H,, Irrigating a Pra.gie Farm Garden, Dominion Experimental
Station, lethbridge, Pub. No. 657, 4 PP., Ottawa, revised, 1943.
Thig pamphlet describes the type of irrigation to be used on a
prairie farm garden, preparatlion of the land and how and when to

irrigate,

HaWkinl, D w. » il OP20 - 1
Project, Prairie I‘a.rm Reha'bilita.tion Act. 20 Pp., Regina, 1647
(mimeographed ).

This report which reviews earlier studies and explores in sone
detail a project which confines the irrigable area to 450,000 acres
in the Youngstown-Cessford area of the Special Areas with the possibility
of an additional 50,000 acres in the Acadia Valley.

In this projeat it is proposed to divert the Red Deer River at
Ardley where a high dam woald be installed at which power would be
produced and the water carried dy camal to the irrigable areas, Cost
estimates are given,

Hays, D.W., Report on the South Macleod Irrigation District, Department
of Public Works, Government of Alberta, 47 pp., Edmonton, 1922,

This report presents data on the general deseription of the area,
climatic conditions, prospeective crop ylelds, estimated returns that
can be expected, estimated cost of construction of the projectsz, its
operation and maintenance, suggested changes in plans already made
and also discusgses the ablility of the farmer to meet irrigation charges,

Fil1, X, ¥, and A,E, Falmer, I t Fermine in Southern Alberta,

Inethbrid.ge Experimental Station, Canada Department of Agriculture,
Pub, 883, 63 pr., Ottawa, 1953, ,

This ulletin deals with the common agricultural practices in
the area and presents information which may asgist in the stabilization
of agriculture in thig and other regions. It deals specifically with
the climate of the area, soll, methods of irrigation, crops grown
under irrigation, crop rotation, the place of livestock on irrigated
farms, commerclal fertilizers, soll drifting, and weed control and
planning for permanence and balance in the farming enterprise,
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Israelgen, O,W, and 0,A, Israelsen, Irprization and Drainace Prosress
obhlems in the Province berta and Saglkatche y Canada,

P,F.R.A,, 36 PP., Regina, 1949, (mimeographed)

This report records progress in the study made in 1949 of
irrigation and drainage problems in two arid regions of Western
Canada, It describes canal lining activities on typical projects
in Wyoming and reviews drainage and canal lining in eleven western
states.

Kirk, D,W,, The Bow River Irrisation Project , Part I, P.F.R.A,, Canads
Department of Agriculture, 62 pp., Regine, Saskatchewan, 1955,

This lletin presents the history and development of the Bow River
irrigation project up to and ineluding its yurchase by the government
of Canada in 1950, It includes sections on the historical background,
negotiations leading up to the purchase of Canada Iand and Irrigation
Co. by the Dominion Government, the policy of the Govermment in regard
to the development and the consumation of the agreement.

Korven, H.C., Irrizating the Prairie Home Garden, Dominion Experimental
Station, Swift Current, Saskatchewan, Pub, 851, 2lpp., Ottawa, 1950,

Discusged in this Mullatin are the factors to be considered when
irrigating a prairie home garden, i.e, water supply, location, fertility,
planning, seeding, thinning, weeding, land preparation and the two
methods of irrigating, surface flooding and sprinkling,

Kor\ren. H.C., Sample Desizn of a Sprinkler Irrigation Project, Agricultural
Engineering Divigion, Dominion Experimental Station, Canada Department of

Agriculture, Swift Current, Saskatchewan, Pub, No, 6, Swift Current, 1951,

lleek:. Victor, (Gha.irman), r of St, Ma Milk Rivers Wat
me ' 8 ge and Irrigation Works Required

to Utilige l‘ullz Cana.da's Share of International Streams in n Southern
Alberta, Department of Mines and Rescurces, Government of Canada, 119pp.,
Ottawa, 1942,

This is a comprehensive report of all aspects of the propoaals that
further storage and irrigation works be Built in Camanda on the St. Mary
and Milk Rivers, The veport is divided into two parts. FPart I isa
summarization of the factual data, Part II comprises full details upon
which the findings and recommendationa are baged,

Mimtes of Meeting Held to DNiscugs Posgible Co~operative Development on
Irpisation Projects., P.F.R.A., Department of Agriculture and Co-operation,
Begina, Feb. L4, 1949.(mimeographed

These mimtes include an outline of P,P.R.A,'s policy in connection
with irrigation and a brief preliminary discuseion of protlems in co-
operative organization on irrigation projects, i.e. research required,
preliminary extension work, legislation, poassible types of co-operatives
and assigtance for and smipervision of co-operatives,

Palmer, A,.E., Use of Irrigation Water on Faym Cropg, Dominion Experimental
Station, Canada Department of Agriculture, lethbridge, Alberta, Pub, 509,
Parmer's Bulletin 10, Ottaws, 1936.
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In this tulletin are reported the remults of experiments with the
irrigation of wheat, alfalfa, potatoes, sugar beets and sunflowers,
Information is given as to the stage of plant growth when water should
he applied, the value of fall irrigation, the mumber of irrigations re-
quired in different ysars dy various crops, the inter-relations of solls,
g0ll moisture and plant growth, From the Information the author attempted
to formlate standards of irrigation practice that would serve as a guide
to farmers in the development of irrigation projects in Alberta.

gg]ggﬂ and Recommendationg of the Sprinkler Irrigation Committee for Western
a report on Sprinkler Irrigation in Western Canada presented to
a joint P,FP.R.,A, Fxperimental Farm Conference, held in Swift Current,
Sagkatchewan, Feb, 20 and 21, 1950,

This report discusses small sprinkler irrigation units for gardens
etc,, supplemental irrigation by sprinkler for dry and molet areas, the
disadvantages of sprinkler irrigation as compared to surface and a com-
parison of the costs of the two methods.

Report of Committee on the Development of Irrigation in Alberts, Montans
and North Dakota as it Relates to the Situation in Sagatchewan,
The P.*.R.A., Department of Agriculture and Co-operation, Reglina,
1949, (mimeographed).

This is a brief report of the commltiee after a trip to Alberta,
Montana and North Dakota to study the organization and development of
irrigation projects., It also gummarizes the points that are considersd
relevant to the situation in Saskatchewan,

Saglatchewan Department of Resources and Industrial Development, Ingtmctiong
for the Development of outs, Domestic Damg Irrizatio ectg,
askatchewan Department of Natural Resocurces and Industrial Development,
Bulletin No. 1, 27 pp., Regina, 1948, (revised).
Thia bulletin outlines the procedure to be followed when conmstructing

a dugout, dam or ifrigation projJect, It deals with the possibilities to
be investigated before construction, method of construction of dugouts
and domestic dams, and factors to be investigated before conatmeting an
irrigation project, different methods of irrigating, rate of application
and time and amount of irrigating,

Snelscn, W, H,, Irrigation Practise and Water Requirements for Crops in
Alberta, Dominion Water Power and Reclamation Service, Department of
the Interior, lrrigation Series Bulletin No. 7, 88 pp,, Ottawa, 1930,

This tulletin is a summary of the results of ten succeszsive years of
experimental work undertaken to determine the "duty of water®" i.e. the
quantity of water (irrigation plus rainfall) required to produce good
erop yields in dry distriects, Also lncluded is some practical advice
to beginners in irrigation regarding the preparations of the land and
the most approved methods of applying water. See classified 1liat of
publications at back - re power, water resources papers and reclamation,

Submissions of the Province of Saglatchewan to the Royal Commission on the
South Saskatchewan River Project, Government of Saskmtchewan, 96 pp.,
Regina, 1952,

Part I1: General drief - ocutlines briefly Saskatchewan's agricultural
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problems and the effect of these problems on the provincial and national
economies together with a sumary of the impact of the development of
these areas, Part IT deals with the agricultural potential of the
Central Saskatchewan development, Part III deals with industrial
d.evelopment Part IV deals with integration and value of hydro electric
power, Part V with economic use of water and Part VI is a statement of
the counsel for Saskatchewan in reply to the submission of the province
of Alberta.

Widstoe, John 4., (Chairman), An Ezaminstion into the Conditions on the
Isthbridze Northern Irrigation Digtrict, Government of Alberta, 26 pp.,
Edmonton, 1925.

This report gives a thorough examination of the lethbridge Northern
Irrigation District, ite operatlon, financial difficulties, land value,
marketing facilities and the financial condition of the farmers., It
also gives recommendations for a gzeneral peolicy of procedure for fature
development.,

Wilgon, M.L,, (Chairman), Re of the Commigs ] :
he let e No er Ir tion Digtricts Alberta,
Government of Alberta, 42 pp., Edmonton, 1930.

A report om the productlion and cost of production and I1rrigation in
all those irrigation districts in the province of Alberta whose debentures
have been guaranteed by the provincial treamuirer, The commission also

. presents its recommendations for procedure in future policy.

3. Mater

(b) Fower

Anmial Reports of the Alberta Power Commission, Edmonton, Alberta,

Armgtrong, D.E, and R.E, MeClary, Analygig of Power Cosis in the Province
of Alberta, 1949, Research Council of Alberta, University of Alberta,
45 pp,, Appendix 1 ~ 9, Graphs, Fig, 1-31, Edmonton, 1952,

This report gives a comparison of the costs of power generation by
the followlng methods, hydro, coal steam, gas steam, oll ateam, gas
turbine, and gas diesel., The report deals only with the costs of
generation and transmigsion of power from the source to the load center,
Appendix 1 = 7. Unpublished statistics and data
Appendix 8. Possiblities of Power Prodnction at mine sites
Appendix 9. Waste fuel usgage for power generation,

Barnett, H.E., Supplement to Report of 1931 on Power Development and
Transpisasiop 1946, Government of Saskatchewan, Department of Natural
Resomirces, 38 pp., maps Begina, Saskatchewan, 1946, (typewritten)

This report deals with the feasibility and cost of developing hydro
electrlc power at the Narrows site adjacent to Fort a 1a Corne on the
Saskatechewan River and the transmission of such power to the main load
centers of the province,



Hogg, T.H,, R t_of the itoba Water P Commigsion 1 Government

of Manitoba, 49 pp,, appendix, King's Frinter, Winnipeg, 1948,
A report of the findings and recommendations of a commission appointed

to investigate all matters pertaining to the supply of electrical energy
in the province of Manitoba, The commission investigated such matters as
requirements of various classes of hydro electriec power up to 1953; water
power developments required to be undertaken to meet antlcipated needs;
order in which these developments should take place; possible use of natural
zas to govern choice between undertaking the further water power developments
on the one hand and steam on the other; also to investigate the msed or
otherwise for co-ordination in opsration of various hydro electric in-
stallations on the Winnipeg Biver and if such need is manifest to advise
and make recommendationms to the government as to varlous methods to achieve
such co~ordination with respect to considerations which should govern
choice of method.

Russell, Ben, Report on Surface Water Supplles and Water Power of Alberta -
Theiyr Prement and Wiimate Uges, &lbsrta Department of Water Resources and

I;zg:.gation and Department of Industries and Ie.'bour, 65 PP., Edmonton,
1

This report hriefly outlines some of the essential provigions of the
Acts pertaining to the administration of the water rescurces of the
rrovince, md in quite some detall emmerates and clagsifies the water
resources; reviews the surveys and investigations which have been made
from time to time under provisions of the Acts and Regulations and then
discusses some of the many problems incidental to the development of these

. waterresocurces,

3. Water
(¢} other

Alberta, Anmal Reportg of the Water Rescurces Office, Govermment aof Alberta,

Edmonton, Alberta

Attwood, C.H., The Water Resourcgg of Manitoka, Province of Manitoba,
Economics Survey Board, 116 pp., Winnipeg, June 1938,
This report is an attempt to present a general view of the varims
problems relating to water, including its origin and distribution, 1te
use and mimige , and its relationship to human activities and its effect
on populatic... It contains c hapters on hydrologic factors, Manitoba water-
sheda, use and control of water resources, and water powver,

Canada, Department of Agriculture, “Evaporation from Iakes and Reservoirs on
the Camadian Prairies,® Prairie Provinces Water Beard Report No, 9, 24 pp.,
appendiceg,bibliography, Regina, Saskatchewan, 1952.

A study based on thirty years of .méteorological records 1921~1950,

Lack of information on evaporation losses on the Canadian Prairiss mede
this study necessary. A.F, Meyer's formla for evaporation was selected as
a means of estimating evaporation logses from large lakes and reservoirs,
Uging this formmla and the period 1921-1950 various calculations were made
and conclusions drawn therefrom. With these results and using procedures
outlined in thia text, it is possible to estimate evaporation for aw particular
month for various sized lakes and reservolrs anywhere on the Canadian Prairies

(except Cypress Hills),
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Canada, Department of Agriculture, Recreation Report of the Southern
Sagkatchewan River Project, Canada Department of Agriculture, Prairie
Farm Rehabilitation Administration, 83 pp., (typewritten) concluding
section printed, Regina, 1949,

Thig report deals with the posgible recreatlonal benefits of the
South Saskatchewan River project, The concluding section deals with
an economie evaluation of these benefits.

Canadns, Department of Agriculture, Report on Possible Reereational Benefitws

Connected with the Red Deer River Diversion Project, Canada Department
of Agriculture Prairlie Farm Rehabilitation Branch, 155 pp., Appendix,

Bibliography, Regina, Saskatchewan, 1951, (typewritten).

Deals first wlth physical deseription, climate and population of the
Red Deer River diversion project area, Secondly it discusses recreation
in general, 1.e, a definition, the trend in recreation, and recreation
and the State, Then 1t deals with the project effects on recreaticnal
resources, and concludes with an economic evaluation of recreatiomal
benefits associated with the Red Deer River dlversion project.

Cansda ,Various Departments, Water Resourges Branch, Department of Northern
Affairs and National Resources, Water Regources Papers, published
anmually (hydrometric), 1908-1954,

Clement, P.,M.,, Report on .} D e Irrigation Part 11, "Dyking
and Drainage Districts,* Govermment of British Columbia, pp. 113-150,
Victoria, 1946.

This is the report of an inquiry into the ability of certain improve—
ment districts to repay thelr indebtedness to the province.

Al‘ber‘ba, Edmonton. 1951.

This brief report is an examinatlion of the possidility of diverting
the Mcleod and Pembina Riveras into the North Saskatchewan River above
Edmonton.

Hogg, T,H, (Chairman), Report of the Royal Commisgion on the Scuth

gé chewan River Project, 274 pp., Aprendix, Queen's Printer, Jitawa,
1952,

A report on the findings and recommendations of the Royal Commigsion
appointed to investizate the feasibility of the South Sasgkatchewan
River Development,

Part T deals with the recommendations and generaleonaiderations of
the commission,

Part II deals with the river baasin and its development and contains
chapters on the geographlcal setting, historical setting, irrigation
in Western Canada, legal and constitutional aspects, the project
itself and a cost estimate, long run economic and social benefitsa,
and the Immediate effeét on the economy.

Part III - the appendix deals with the gsubmigsions of individuals
and organlzations in Manitobs, Sasimtchewan and Alberta to the
commigsion,



Printer. Ottaua. 1952

This is a reprint of Chapter I of the report of the Royal Comnmission
on the Scuth Saskatchewan River Project. It contalns the recommeniations
and general arduments relating thereto of the commission,

Lyong, M.A., Repo:
1 -

of Man:ltoba.. Depa.rtment of Public Works, 86 pp., ma.p Vinnipeg, Manitoba.

Repor'b of investigations of two main problems, (‘&5 the foreign water
problem, i.,e, the claim by the taxpayers and municipalities that the
higher lands in the watershed shculd bear a portion of malntenance costs
in the Drainage District and (ii) the proportion of government assistance
towards the cost of maintenance of drainage works,:

Prairie Provinces Water Board Anmual Reports, Regina, Saskatchewan.

Canada, Department of Agriculture, "Summary Report of Recorded and Natural
Monthly Flows at Certain points on the Sa.sk'a.tchewa.n River Systenm,"
Praipie Provipces Water Board, Report No. 1, 6 pp., plus statistical
tables, Regina, Saskmtchewan, 1950,

Gives the recorded flow and natural flow (the flow in the stream under
natural conditions without upstream diversions) of the South Saskatchewan
at the Alberta-Saskatchewan border, at Saskatoon and at The Forks, and the
Horth Saskatchewan at the Alberta-Saskatchewan border and at The Forks, and
the Saskatchewan River at The Forks and at ILe Pas,.

Canada, Department of Agriculture, "Stream Flow at Three Selected Points on
South and Main Sasimtchewan Rivers after Alberta's 1949 request,* Prairie
Mﬁm_ﬁm Report No. 2, 6 pp., statistical tables, Regina,
Saskatchewan, 1950,

This report indicates how the Ml development of projects in Alberta
which wotlld require 2,237,234 ac. ft. of water per year (Alberta's 1949
request) would affect the stream flow at the followlng pointe for the
period 1923-1948,

1, South Saskatchewan River at the Albverta~Saskatchewan boundary.
2. South Saskatchewan River at Saskatoon
3. Saskatchewan River at le Pas.

Proceedings of Round-table Conference on Grouniwater in Alberta, Research
Council of Alberta, Preliminary Report 56-1, 84 pp., Edmonton, Alberta,
1955.

Proceedings of a conference held to discuss the establishing of a pro-
gram for better scientific information in matters of groundwater geology
and hydrology. It served to point out the place which water supplies take
in economic development, health and welfare in a growing country,

Discussed at the conference were such matters as the development of
groundwater resources, their conservation and protection, their legal nature,
their chemistry and their role in the economic and indnstrial future o the
province,
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. Bomlation . o
Keyfitz, Charles E. and N, H, Rogeborough, The Puture Population of Camda,

Déminion Burean of Statistics, Department of Trade and Commerce, Pulletin
¥o, P&, 61 pp., Ottawa, 1946,

This bulletin contains a projection of the size of Camnda's future
population to the period 1971 on certain definite asgumptions, It is
not a prediction of the actual population of the future., Its usefulness
lies in the techniques used and the results obtained,

McNally, G, F., Report of the Royal Commission on the Metropolitan Development
of Calgary and Fdmonton, 17 chapters, Appendix A - "Begervations of

Commissioners" Appendix B - "Decisions of Commission on Questions of
Jarisdiction,® Queen's Printer, Edmonton, Jan, 1956.

The Water Rescurces Paper No, 12 contains a reference to the evidence of

Messrs. Purcell and Espenschied before the Commlttee on Agriculture
.and Colonization, Parliament of Canada, Session 191k,

5. Rgsouxces

Government of Saskatchewan, Sa - Itg R .
Indugtrial Development Office, Government Administration Building,
76 Pr., Appendices, Regina, Saskatchewan,

The purpose of this booklet was to reveal the background of the new
opportunities that are appearing in the province's growth, Infomation
is presented on the major aspects of resources, industries markets and
gervices, Under the heading "Saskatchewan and its resources®™ it deals
with geology, climate, soils, vegetation and settlement, Under "Industry
present and potential" it deals with primary and secondary agpects of
industrial minerals, forest products and migcellanecus indusgtries, and
under "Facts for industry® it deals with the main advisory and financial
services,

Appendix 1 - Index of Saskatchewan Industries.
Appendix ITI - Leading Industries
Appendix III -~ Cities of Saskatchewan:

6. Egonemics |

Brodrick, F.¥, and S.BE, Chernick, “Extracts from: Preliminary Report on,
the Carrot River Survey," Department of Mines and Natural Rescurces,
Government of Manitoba, 83 pp. plus appendix, (mamiseript) Winnipeg, 1946,
An economic survey of agriculture in the Carrot River district in
Manitoba. This report deals with the agricultural possibilities of
the Carrot River diastrict, more specifically that portiomn of the
Saskatchewan River Delta lying between the Carrct River in the north,
the Pas River on the scuth and east and westward to the Manitcba-Saskatchewan
boundary. Inveastigations were made of the wild-life, solls ani agricultural
methods, This 1s a preliminary report on the data gathered with an anslysis
of the materials and the ¢ onclusions and recommendations of the writers
for future agricultural develomment,
The appendix contains a brief history of the Saskatchewan River Delta,
its early exploration, development and trade,
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Craiz, G .H. and J, Coke, An Fconomic Study of Iand Utilization in
Southerp Alberta, Economics Division, Marketing Service, Canada Depart-
ment of Agriculture, Pub, 610, Technical Bulletin 16, pp. 79, Ottawa,
1938.

The focus of this study is a drought area in southern Alberta, &
region of risk and uncertalinty, & thorough acmtiny of the mettlement
process and various indexes of success were tested and evaluated as
eriteria upon which future lanrd use and settlement policy may be based,
This study glves a partial answer to the question whether the so called
drought area is capable of producing a normal standard of living for its
population and if so in what parts and by what method of land use,

Darcovich, William, Appraisal of et Pogalbilities for cialt
Crops in in the Proposed Irrigstion Area of Saskatchewan, Economics
Committee appointed by the Director of P.R.R.A,, 40 p; PP., Regina, 1949
(mimecgraphed).

This memorandum deals with probable acreage requirements in 1971 for
the varicus speclalty crops based on estimates of population, estimates
of the level of per capita consumption and to aome extemt on the probdable
competitive advantage of the various crops 1n relation to other areas
of production.

Edwards, Florence M., Farm FPamily livinz in the Prairie Provinces, Economics
Division, Marketing Service, Canada Department of Agriculture, Fub, 787,
Technical Bullietin 57, 28 pp,, Ottawa, 1947.

A report on living conditions in the ploneer areas of nosthe rn
Saskatchewan and in central Saskatchewan and central Alberta. It deals
with the achievements of rural families in their short history of settle-~
ment, the kind of living provided by farms in varioas farming reglons,
the adequateness of housing faecilities, commnity facilities and the
amount of money farmera spend on living and what it is spent en,

Fowke, V.C., "The Historical Setting," Chapter 3 of Report of the Rowal
Commission on South Saaskat River Pro » PP. 71=130, Queen's
Printer, Ottawa, 1952,

The historical setting is discussed here under the following headings,
(1) national poliecy and western Canadlan development (ii) preparation
for settlemsnt in the Canadian West, (1ii) establishment of the Camadian
wheat economy 1900=1930, (iv) the disastrous decade 1930-1939 and (v)
effects of the second world war on the prairie economy.

HEarries, H:,, Th £ 5 3
Hu Harries and Associates, Edmonton. 1952. PP. 66,

A report on a study inquiring into the economic inducemente which prompted
private and government agencies to invest money on irrigation in Alberta.
Agencies which invested money were the Dominion Govermment, Railways,

Cannda Iand and Irrigation Co, and Government of Alberta, This study reveals
instames in which these inducements were obvicus and explicit; tut it also
reveals many cases where the economic basis for expenditure was ill defined
and ambiguocus even in the minds of the peraons or organizations who were
participating. There is a selected bibliography. A copy of the report is
on file in the office of the Economics Division, Canada Department of
Agriculture, University of Alberta, Edmonton,
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Mackintosh, W,A,, "The Economic Background of Dominion-Provineial Relations,®
A Study Prepared for the Ro%; Commiggion on Dominion-Provincial Relstions,
Appendix 3, King's Printer, “ttawa, 1939,

Manery, H.,R., Sprinkler Irrigation in Alberta 1349, Economics.Division.

Marketing Service, Canada Department of Agriculture, 20 pp., Processed
rablication, Ottawa, 1951,

A report on a mrvey to determine the cost of operating a sprinkler
systen under Alberta conditions, the causes of high cost operation, to
collect data that world ald the design and operation of lower cost systenms
and to obtain a cross section of farmer's opinions after one season of
operation.

Pyrch, A,J., Marketing of Specialty Crops from the Irrigated Areas of Alberta,
Economics Divislion, Marketing Service, Canada Department of Agriculture,

52 pp., (mamseript), Edmonton, 1945,
Study of proluction, present markets and future potentlalities for
specialty crops in the irrigated areas of Alberta.

Spence, C.C., B.H, Kristjanson and J.L. Anderson, Farmine in the Irrization
Digtricts of Alberta, Economics Diviaion, Marketing Service, Canada
Department of Agriculture in co-operation with the Department of Political
Economy, University of Alberta, Pub., 793, Technical Bulletin 6., pp. 66, Ottawa,
1947,

This bulletin gives an analysis of factors in farm management which
have the greatest influence on miccessful irrigation farming in Alberta.
It ghows what net reveme could reasonably be expected from irrigation land
under varying conditions of farm organization for retiring debt or for
savings, It evaluates the difference in productivity and unit income of
the irrigated areas compared with dry land areas, It concluwes with some
future considerations in irrigation farming and with a suggested farm
organization for an irrigation farm,

Stapleford, E.¥., Report on Rural Relief Due to Drought Conditions and
Crop Failures in Western Canada, 1930-37, Canada Department of Agriculture,
129 pp., Ottawa, 1939. ,

This report attempts to tell as briefly as poassible the story of crop
failures from which the weat suffered from 1930-1937, Major portionsof
the report are levoted to Saskatchewan, where .the full impact of the drought
wag felt, It sets forth the hardships which nrairie farmers had to face
and the effects these hardships had upor inem. It deals with the response
of the Federal Government to meet the emergency and the fine gesture of
the people of Canada who sent voluntary relief of food and clothing to
the drought stricken areas.

The report also endeavors to set forth the long term plans which
are belng worked in order to make it possible for the farmer to continue
to produce on prairie soils in comparatively dry years and also to make it
Possible for him to support himself even in a pertod of protracted drought.
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Stewart, 4 and W,D, Porter, lend Use Clagsification in the Special Areas

of Alberta and in Rogenheim and Acadia Valley, Economics Division,

Marketing Service, Canada Department of Agriculture in co-operation

with the Department of Political Economy, University of Alberta, Fub,

No, 31, Technical Bulletin No, 39, 68 pp., appendix, maps, Ottawa, 1942,
This ulletin is one of a series on land clagsification in Alberta and

Saskatchewan, It describes in detall the methods employed in establishilng

the classification of land. In this publication considerable stress has

been placed on the fundamental ideas upon which an sconomic classification

of land may be based, An understanding of these principles is necessary

for the proper interpretation and wuse of both the classification itself

and supporting data contained in this report,

Appendix A contains a brief digeussion on Alberta Special Manicipal Areas.

Appendix B gives the Statistical basis of classification,

Van Vliet, H, Gordon Hasse and R WA Stui;t g Economic Apgraisa.l of the

P F.R.A,, 148 pp., plus Appendix, Regina, 1951, (mimeOgra.phed .

This study examines three main aspects of the proposed Scuth
Saskatchewan irrigation project. ¥irst, there is a'review of the present
farming pattern in the area, Secondly, there is a projection of the type
of farming that would likely develop in the area under irrigation
practige, based mainly upon the experience of similar projects in
Alberta, Thirdly, there are estimates of the increases in farm income
and other bensfits that irrigation would provide, both in reaspect to
incomes that may be recoversd to offset the capital costs of development,
and to other indirect benefits that accrue to other segments of the
economy., .

Uarren. D, M,, A Study of Fa g Assoc :
Sa he Rivar De t, Economics Division. Ma.rimting
Service, Canada Department of Agriculture, Restricted Bulletin,27 pp.,
Ottawa, 1954,

In this bulletin the author establishes a land value guide which helps
to establigh a fair basic price for lands within the proposed development
area in Central Saskatchewan, Three series of land values were developed,
the f irst based on historical data relating to land sales of the past,
the second baged on bhudget estimates and capitalization of Probable net
returns, and the third is based on the assessed value of land for each
80il group and related to the price of the main product, wheat,
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CHAPTER OTHER

1, Gengral

Brief of City of Medicine Hat and Medicine Hat Chamber of Commerce to the
International Joint Commission ~ United States and Canada Waterton Belly
Bivers reference, Medicine Hat, June 1950, 16pp.

This brief attempts to show the impact on the city of Medicine Hat and

other urban centers in the lengthy series of agricultural reverses due
to inadequate water supply and to show how the condition can at least be
alleviated by the completion of the St., Mary's River Development gcheme in
this particular area,

Brief o 1 District Medi BEat to the Internmational Joint Commission -
United States and Canada - Waterton - Belly Rivers Reference, Medicine Hat,

June 19500 7pP. .

An aceount of the attempt of the Midicine Hat area to make a living by
farming the land. It also ®dals with the efforts made to obtain water for
the growing of crops, both from the rivers and from the clouds,

Submiasions of the Medicine Hat Chamber of Commerce respecting the Proposed
Irrigation of the RedcliffiRonalane district, Medicine Hat, Feb. 1958,

Fellows, B.S5., Multiple Forest Use — Its Application on the Rocky Mcuntain
Forest Regerve, Eastern Rockies Conservation Board, Calgary, 1951,
(mimeographed).

In this paper the author discusses the multiple uses of the Rocky
Mountain Forest Reserve that can provide the greatest contribution to
the Canndian economy, The usges briefly discussed are, grazing, logging,
mining, wild 1ife¢,recreation, water supply and hydro,

Hangon, W,K,, Mutual Watershed and Grazing Interests, Bastern Rockies Con~-
gservation Board, Calgary, 1952, (typewritten). ]

In this paper the author discusses the conflict between grazing aml
watersheds in the "mltiple use® concept of forest reserves, He dis-
cugses the ways in which they conflict and how proper management of
rangs rescurces can Prevent damage to the watershed.

laycock, A.H., M&&W
and Bed Deer District, Eastern Rockles Conservation Board, Calgary,
Alberta, 1954, )

This report is intended to serve as one of the bases of management
planning for this and other regions of the Reserve, It has two major
descriptive divisions, The first is a systematic review of the elements
which have contributed to the development and which relate to the com-~
position and use of the soils of this region, The second is a review of
the soils of each of the mkjor parts of the region with reference to the
present and potential uses of these soils, The gection follewing includes
a discussion of particularly the use potentlal of the soils and a pre-
sentation of the author's conclusions and recommendations,
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2, Mater
(a) Irrigation

Anmial) Report and Financial Statement of the Lethbridge Northern Irrigatiom
District, lethbridge, Alberta.

Anmual Report and Financial Statement of the Taber Irrigation District,
Taber, Alberta,

Anmal Report anl Financial Statement of the Eastern Irrigation District,
Brooks, Alberta.

Anmial Repor! and Financial Statement of the Western Irrigation District,
Strathmore, Alberta.

Anmal Report of the Alberta Sugar Beet Growers, lethbridge, Alberta,

Brownstone, M., land Temire on Iprrigation Projects, Ressarch Divigion, Economic
Advisory and Planning Board, Govermment of Saskmtchewan, 12 pp., Regina,
1949, : _

This tulletin gives a review and analysis of the effacts of " . three
dlternative forms of temre an irrigation projects., These are private,
co-operative and mublic ownership.

Canada land and Irrigation Co, ILtd., .P;gg“ edure in Opganization of Irrigation
Digtrictg under the Irrication Diagtricts Act, 1920, of the Province

Alberta, Fart I, "The Value of Irrigation,® Part II, "Canada lend and
Irrigation Co, Itd.," 7pp., Médicine Hat, Alberta, 1921,

This pemphlet merely outlines the procedurs to be followed in organ~
1zing an 1rrigation district and summarigzes briefly the advantages of
irrigation in an area where there ig inmfficlent rainfall to produce
a falr to good crop.

Canada land and Irrigation Co, Itd.,, Regulations Relatinz to Operation

] f Bow River Irrisation Project, Canada land and Irrigation
Co, Itd., 12 pp., Medicine Hat, Alberta, 1922,

This pamphlet contains a statement of the general principles relating
to the operation and maintenmance of the Bow River Irrigation Project,
for the convenience and guidance of the employees of the Canada Ianad
and Irrigation Co, Itd, and the water users taking water from its caml
system, It covers regzulations eoncerning owmership and control of works,
delivery of water, damage to works, telephone system and duties of
employees. .

Canada land md Irrigation Co. Ltd,, Bow River Irrigation Project, Canada land
and Irrigation Co, Itd.,, Medicine Hat, Alberta, 1923, (date determined from
contents), .. :

This bulletin describes the Bow River Irrigation Project with emphasis

on points that would be of interest to new settlere, i,e, climate, soil,

water supply, market and trangportation facilities, and prices of land
and terms of contract.
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Lethbridge Board of Trade, Green Acres, Lethbridge Board of Trade, 39 pp.,
Iethbridge, Alberta, 1546,

This illustrated booklet presents in s highly favorable light, the
story of irrigation in Socuthern Alberta, its begimming, its present day
advantages and the opportunity that irrigation development provides for
future settlers both on farms, and in industry. It deals with the
possibilities for the further extension of irrigation and the need for
industrialization to make the best use of the products produced.

McMullen, R,A,, Tap the Water, Alberta Department of Economic Affairs, 31 pr.,
Rdmonton, 1946,
This talletin gives a brief summary of irrigation development im Alberta
to 1946, acreage under irrigation, potential irrigable acreage, recommendatioms
of the Alberta Post War Reconstruction Coemittee, alaso a discussion of
the economic effect which the development of irrigation in socuthern
Alberta would have on the province, The author concludes with his re-
commendations for future development as to govermment aid, rehadbilitation
of veterans, transfer of dry land farmers from semi-arid regions ete,

Pearce, Wn., Pearce P » Indexed by W.E, Sterling, Cct. 1930_. Houged
in the Rutherford Library, Universlity of Alberta, Edmonton,
See appendix to this bibliography for further details re the Pearce papers,

Raley, C and S.G, Porter, A Brief History of the Development of Irrigation in
the lethbridge District, lethbridge Historical Society, 4 pp., appendix,
Iethbridge, Alberta, 1925, (typewritten).

This artiele glves first a brisf, general outline of the beginnings
of irrigation in western Canada and then a more or less detalled state-
ment of the events assoclated with the devel opment of irrigation in what
is termed the Lethbridge distriet of southern Alberta.
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APPENDIX — TABIES OF CONTENTS OF CERTATN SCURCES

1, EXP TRY REMARKS

A, BExpanded Tadble of Contents of Publiications of the Department of the Interior

1. Scope

C., 189, the Department of the Interior began to take a seriocus interest
in irrigation and began to deal with the subject in its anmal reports,
Yor the years 1900 to 1907, however, the reports on irrigation were pub-
lighed inmnograph form only, and for the years after 1912 reports on
water were again printed separately. What has been antitled the "Expanded
Table of Contents® covers the anmal departmental reports for the years 18%
to 1899 and 1908 to 1912, the separate irrigation reports for 1900 to 1907,
and a speocial pamphlet on natural resources in the Prairie Provinces.

2, Method

The above-mentioned socurces are treated in this way: For each section
relevant to the present study a heading and, in gemeral, a detailed outline
are given here. A section that is dealt with fully in this way ls indicated
time, %, The reason is that when a section of a source ig not dealt with
fully, but a sudsection thereof ,is, the heading of the former is listed
in order to show the positlion of the latter in the source,

The ocutlines here given are in general more detailed than is the case
in the tables of contents of the sources., Farthemmore, toc avold confusion,
it should be stated that sometimes the set of subsectlion headings in a
glven section of a source apparently did not follow closely and logically,
and therefore did not give a clear indication of the actual organization
of the section, In such cases the mubsection headings here sometime depart

. from the system found in the source.

B, Cont ted Table of Conten Publications of the Department of the Interior
1., Scope

What has been entitled the "Contracted Table of Contents" covers the
annual reports on reclamation (including irrigation) and water power for
the years 1913-1929,

2. Method

The aborve-mentioned reports seem in general to have useful tables of
contents, Therefore the method of treatment adopted was to copy certain
headings and sub-headings that seemed relevant directly from the publighed
tables of contents, The tendency in selection was to exclude the relatively
technical data and information of topical interest. The resulting list is
intended as a rough guide to, or a sample of, the sort of material which
is available in the reports covered, and should be useful in that capacity.
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To avoid confusion in examining the 1list, it should be emphasized that,
in general, not all the main headlngs, nor all the sub-headings under
a given heading, were included.

Indezes
1. General

The notation "I%, ®"NW, YRR  WyR_ oy "WR® preceding a reference
means that the reference ia, respectively, to a report on irrigation,
to the pamphlet on natural resocurces, to a report on the Reclamatlion
Service, to a report on the Water Power Branch, or to a report on the
Water Power and Reclamation Service., The correspondence between such
notation in the Index to the Contracted Table of Contents and the
sections of the Table itself is: I--A,,B,; R—C,; W-—D,; WR—E,

2, Index to the Expanded Table of Contents

Ag an example of the notation used, “1899, Pt, VII,, w. pPp. 1l4-22,
PP. 29-30" means that the subject covered is found somevwhere within
pages 1% to 22 and aleo gn pages 29-30 of Part VII of the report for
the year 1899.

Since the material indexed deals almost exclusively with irrigation,
the references under IRRIGATION are generally = short general articles
on the subject.

3, Index to the Contracted Table of Contents.

As an eample of the notation used, *I, 1513, pp. 105-117" 1g a
reference to an article in the 1913 report on irrigation,

Tabl Conten he P e
A'fragmentary table of contents of the pergonal files of the late

Mr, Wm, Pearce is included, This is a list of those files which, by
their titleg, seemad relevant to the present study.
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II, EXPANDED TABLE OF CONTENTY OF PUBLICATIORS OF THE
DEPARTMENT OF THE INTERT(R

Annmual report for the year 189%, Ottawa, 1895

"Report of the Deputy Minigter of the Interior," p. ix ff.
* "Irrigation. 1=, xvii-xx,
Activities of Mr. Wm, Pearce; North-west Irr:lgation Act;
sirveys in the arid district under Mr. J,5, Dennis,
Pp. xvii-xix,
"Progress of the Irrigation Movement.' pp. xix-xx,
. "International Irrigation Congress." p. xx.
Part I *Dominion lands."
No. 1. "Report of the Commissioner of Dominion Iands." p. 1 ff,

] Mrrigation.® Pp. 3-4.
Miscellaneous comments,
b ¥o. 3, YReport of the Ehper:lntendent of Mines on irrigation in the

North-west Territories.® Pp. 29-35, Submitted by Wm, Pearce,

A bdrief history of irrigation in the area,

Irrigation companies chartered by act of parliement,

Some opinlons and auggeationa of Pearce on irrigation,

Pearce's trip to the U,S, in connection with the International
Irrigation Convention. |

overnment aid to irrigation.

Part II. ™Dominion lands Surveys,®
"Report of the Surveyor Genmeral." p. 3 ff.

b3 . "Irrigation.," p. &4,
Initiation of irrigation survey.
x No. 12, ™Report of A,0,Wheller, D,L.S., Irrigation Surveys.® pp. 43-47,

Details of orga.nizing survey pa.rty.
Order of work,
Bench marks,
Sumary of work done,
Iist of rivers and streams crosa-sectioned for discharge.
Part V, "North-west Territories."*
"Irrigation." . 18,

Anmal report for the year 1895, Ottawa, 189%6.

Report of the Deputy Minister of the Interior." p. ix ff.
x "Irrigation.® pp. xvi-xx. _ .
Progress of irrigation in the semi-arid portion of the North-west
Territories in 1895, pp. xvi-xviii,
*Administration of the Irrigation Act. p. xviii,
Mrrigation Surveys.® pp. xviii-xix.
"International Irrigation Congress," pp. xix-xx,
Part I. ™Dominion Iands."
No. 2. "Report of the Superintendent of Mines."
% "Irrigation,® p,20,
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Part II, "Dominion Iands Surveys,®
"Report of the Surveyor Gengral."
MIrrigation Surveys." p.4.
Brief summary of work. |
¥o. 1. ™Report of the Chief Inspector of Surveys." pp. 8-11,
largely concerned with the contimation of the administration
of the 1rriga.tion gurveys,
Part III,, "Irrigation,®™ 155 pp. plus ilkistrations,
General Report on Irrigation, and Canadian Irrigation Surveys during
1894.* pp, 5-1%1, (Outline on p, 3)
Part I. "“Irrigation in Camada". pp. 5-34.
Higtory of Western Camada. pPp. 5=6..
Geography of what was then called the semi-arid region of the
North-yest Territories, pp. 6-20
Boundaries and topograhy. pp. 6=7.
Soil p. 7.
Hydrography, : .
"Eastern District,* pp. 7-8.
"Central District." pp. 8-9,
"Western Digtrict." p.%
*Jakes and lake Beds in the Arid Region." pp. 9-10,
Climate, !
Precipitation,
General p. 10
*Eastern District, , 1

"Central District,“ 11
"Wedtérn District,” p.' 11-12,
Temperature,

General pp. 12-14, .
"Eagtern District," p, 15,
"Central Digtrict.® p. 15-16,
"Wegstern District." p, 16.
*Meteorological Stations in the Arid Region." p. 16.
Tables,
Precipitation, pp. 17-18.
Mean temperaturesz. pp. 19_-20.
"Irrigation Systems,." pp. 21-27,
Brief history of irrigation in the regieon. p, 21.
"Schednle of Irrigation Canals and Ditchas in operation,
under construction, or pro;jected vee® PP. 22-25,
®*The Calgary Hydraulic Company,® p. 26,
"The Calgary lrrigation Company.® pp. 26-27.
"The Springbank Irrigation Canal.® p. 27,
Five photographs of irrigation canals, Between pp. 26-27.
Irrigation legislation. pp. 27=34,
North-west Irrigation Act,
Irrigation Distriet Ordinance,
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Part II. "Canadian Irrigation Surveys." pp. 35-117.
General scheme upon which the irrigation surveys of the 1894 season
were based. pp. 3 5-61

General remarks. . 35-36.

"Topographical llork. PP. 36-41,

Gensral statement of hydraulic investigations to determine the
avallable water supply and the area of arid land that could
be reclaimed thegpewith. pp. 42-49,

Anslysis of water to determine its quality for irrigation
purposes, p, 50, .

Rating of water current meters. pp. 50-52,

*Coamputation of High Water and Flood Discharge of Certain
Streams in Southern Alberta, from Measrements made from
Existing Evidences of thege Stages of Vater ..." pp. 53-57.

Extent of the season's sirveys, pp. 58-61.

Ingludes brief schedules of reservolr sites sarveyed. pp. 58-59.
More detailed discussion of the work of the 189% season,
Pp. 61-117,

General remarks, pp. 61-62, _

The operations of Division A& of the field staff. pp, 62-80.

Line work, pp. 62-63.

Investigation of the feasibility of two water-diversion projects
"Diversion of Water from the Elbow River into the Head of
the North Fork of Figh Creek," pp, 63-64,
"Diversion of Water from Red Doer River and Iittle Red Deer
River into the Rose'lm.d. River." pp. 64-65.
Topographic&l worko po 650
Very brief remarks,
Hydranlic 1nvestiga.tions, dimased stream by stream.
*Red Deer River." pp. 66-5'?. i
"1ittle Red Deer River." p, 67. . ,
*Dog Pound and Beaverdam Creeks.® p. 68.
"Rogetmd River,* pp. 68-69,
"Bow River®, pp. €9-71,
#B4hi1]1 Craek p. 71.
"Noge Creek," .?2- .
"Juriping Pound Creek." pp. 72-73.
“The Elbow Eiver." pp. 73-75.
"Pigh Creek." pp., 75-76,
¥Sheep River." pp, 76-77.
"Highwood River,® (High River) pp. 77-79.
®little Bow River," pp, 79-80
The operations of Divis:lom. B of the field staff, pp. 81-117.
"Iocation of Work," pp, 81a82
"®Methods of Survey". pp. 82-83,
®Topography." Remarks on ths portion of Division B's district
in which topographic surveys were made, with some comment
on irrigation possibilities. pp. 83-99,
The region of the Bow River dra.innge basin,
"Bow River to Elbow River,"* p. 84,
*Elbow River to Fish Creek," p, 84,
®*Fish Creek to Pine Creeg! p. 84,
*Pihe Creek to Sheep River," p. 85. _
®*Shaep River to North Branch of Highwood River." p. 85.
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"Branches of Highwood Biver.* p. 86.
“General Remarks." pp, 86-87.
The region of the Belly River drainage 'ba.s:ln.

"Highwood River to Little Bow River. pp. 87-88,

"Little Bow River to Oldman River." pp. 88-90,

"Between Oldiman River and Belly River," pp.90-92,

"Between Belly River anml St. Mary River," pp., 92-94.

"5t, Mary Biver to the T ip Outline between Ranges

22" ayd 23, West of /[the/ 4%h Meridian,® pp. 94=97.

"North of Milk River Ridge and East of Township Outline
Between Ranges 22 apd 23, West of 4th Meridian,* pp. 97-98,

YGeneral Rama.rka. Pe 99.

"Hydrography®.  pp. 99-117. :
Methodology of investigations,

To cbtain some general kmowledge of the entire water supply
of Divigion B's territory. pp. 99-100,

To £find the relative volume and value for irrigation of the
waterways. pp. 100-102,

To find the location and capacity of bodies of still water
and of bBasina suitable for irrigation sites. Includes a
1igt of small reservolr sites, pp. 102-103,

To locate and measure the discharge of wprings, pp. 103-104,

"Hotes on Rivers amiStreams of which the Discharge was measured."

Includes some comment on irrigation possibilitles, mainly for
extensive areas, .

"Pine Creek,™ p. 104,

"Mosquito Creek," pp. 104-105.

"Willow Creek,"., pp. 105-106,

"0ldman Biver". pp. 107-108

"Pincer Creek, pp. 108-109,

"Waterton River. pp. 109=110,

"Belly River." pp. 110-113.

"Lee Creek" pp. 113-11# )

"St. Mary River." pp. 114-116

SNorthBranch of Milk River." p. 1l6.

"General Remarks," p. 117,

Part I1I. A mamal of information, including statistics, relating to
irrigation practice, largely compibsed of extracts from textbocks
ani reports. pp. 118-141,

"Report of Mr, J.S. Dennis, Chief Ingpector of Surveys, on Irrigation Operations
during the season of 1895," pp, 1i#2-155.

Includ.es a gection on Canadlan irriga.tion law ardl ite adminigtration,

Part VI, "North-west Territories.”

"Irriga.tion“.’ p. 4 (6 11,)

Anmal report for the year 1896, Ottawa, 1897,
"Report of the‘])apu._ty.nix_lister of the Interior." p. ix ff.
b 4 "Irrigation.® pp. xxvii-xxviii, :

General remarks. p, xxvii, _
"Administration of the Irriga.tion Act," pp. xxvil-mwviii,
"Irrigation Surveys. p. xxviii,
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i II'IIJonﬁ.nion Ilands.®

Yo, 2. "Report of the Superintendent of Mines,” p., 25 £f,

Part

Part

"Irrigation." pp. 25-26.
The outlock for i;-riga.tion.
"Increase of ths Grazing Area through Irrigation and Artesian Water
Supply.* p. 26.
"Bulletin of Information from rrigators. pp. 77-82.
Includes locations and mimbers of acres irrigated,
II, "Dominion lands Surveys.®,
"Report of the Surveyor Gemeral." p, 3 ff.
Mrrigation Surveys," Pe 5.
Brief summary of work.,
No, 10, "Report of J,S, Dennis, D,T.8,, Chief Ingpector of
Surveys." pp. 56-60
. Swmmary of work done. Scope of the work as dlvided among
the work partie 8.
¥o, 11. "Report of Arthur O, Wheeler, D.L.S., for Season of 1895",
YP. 61-67,
Summary of the operations of Division B of the Camadian Irrigation
gurveys in the 1805 season. Includes the following sections:
"Jumpingpoand Creek,® pp. 62-63,
"Elvow River.* pp. 63-64
*Yorth Branch of Fish Creek" FP.. 64-65.
"South Branch of Fish Creek.® p, 65
Forth Branch of Sheep River." pp. 65-66.
*South Branch of Sheep River,® p, 66
Ho. 12, "Report of Artlmr O, Wheeler, D.L .S,y for Season of
. 1896.* pp. 68-70,
"Summary_ of Division B's operations in the 1896 season.

III, *Irrigation.® pp. i-x, 1-112, (alphabetic index to contents,
rp. 1li-vl, Index to maps and Illunstrations, p. vil., ILetter
of gabmission, p. ix, containing explanation of division of
Part III into sections mumbered Part I and Part II,)

Part I. General report on irrigation for 1895,

Explanation that the arid region is not to be regarded as barren, p.l.

Progress in irrigation development., pp. 2-10,
General remarke., pp. 2-8. Includes schednle of camals and
ditches construeted and projected,
"Calgary Irrigation, Compa.ny P. 8.
‘"Calgary Hydranlic Compan;v p. 8,
General remarks. pp, 8-10, )
"Springbank Irrigation Canals,® p. "10.
*St., Mary and Bow River Camuls,® p. 10,
"Water Rights Granted, other than Those for Irriga.tion Purposes,®
p. 10=11.
'Rea!];ltz from Irrigation during, 1895, pp. 12-18
Includes table of ini’oma.tion from 1rr:|.gatura.
"Administration of Water Rights." pp. 18-23.
"itle to Water.“ pp. 23-24, . )
"The Nortirwest Irrigation District Ordinance." pp. 24-235,

© "Meterological Conditions .in the "Arid Regions. PP. 25-29,

"Vater Supply in the Arid Region,® pp. 29-37.
*Canal Surveys.® pp. 37-40.



General, p. 37.
"The Red Deer River Camal." pp. 37-39.
"Sasikatchewan River Camal.™ pp. 39-40 .
" The Colonization of Arid Iands.“ pp. LO-44,
Papt II; "Canmadian Irrigation Surveys." pp, 45-112,
Generaly pp. 45-46.
Work of Division A of the survey. bpp, W6-67.
Containg the following gsections:
1St. Mary Irriga.tion Canal.* pp, 47-s4,
General. pp. 47-49.
"Dimensions of Canal.® p, 49,
"Route of Canal and manner of Loeating." pp. 50-52
"Headgates, Dams and other proposed Structures." pp. 52-53,
"lands Irrigable from main Canal and Branches. P. 53.
*Probable gost of proposed Works.® pp, 53-~54.
"TheGIBow River Irrigation Canal," pp., S4-62.
eneral.
*Dimensions of Ga.m.l . 56,
"Point of Intake.* pp. 56-5?. ]
"General Location." pp. 57-59. . .
"Hoadgates and Diverting Dam or Weir.® p. 59.
"Estimated cost of Camnl and Structures." pp. 59-60.
"lands irrigable from main canal and principal laterals,™
pp. 60-61,
"Colonization of the recla.imed area." pp. 61-62.
"Hydranlic Investigations.® PP, 65-66.
"Rvaporation Investigations,® p, 67,
Work of Division B of the survey. pp. 68-112.
Objectives of Division B'e program, pp. 69-70.
"Methods and Instruments." pp. ?0-:-?6.
"Eydrography of Rivers and Strea.ma. TP. 97-112,
*Jumpingpound Creek System," pp, 77-84.
*Storage Facilities.%pp. 81-83.
"Gepneral Remarks," p. 83,
"Elbow River System.," pp, 84=-93.
'Storage I’a.cilities, rp. 91-93,
"General Bemarks. _:p. 9.,
"Fish Creek Syatem. TP. P98,
"North Branch," pp. 94-96, :
"Diversion of Water from the Elbow River to North
Branch of Fish Greek, P. 98,
"General Remarks." pp. 95-96.
"South Branch," pp, 96-98.
"Storage Fa.cilities. . 97-98.
"General Remarks.® p, 98.
"Sheep River System."
"North Branch of Sheep River." pp, 98-103.
"Water Storage pp. 101-102
"Ware Creek,™ pp., 102-103,
"Seuth Branch of Sheep River." pp, 103-112,
"Water Storage." pp. 111-112,
Part V., "North-west Territories,®
*Irrigation.” p. 5. Brief mention.
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A ort for the year 18 Ottawa, 1898,
"Report of the Deputy Minister of the Interior,*
* "Irriga.tion. Pp. 20-21;

Part I, "Dominion Iands,"
No. 2. "Report of the Supsrintendent of Mines,"
"Trrigation.® pp._ 32-33. _
"Hamlet System Cambined with Irrigation.” pp. 33-35.
itrrigation Wells." pp. 36-37.
o, 5. "Report of the Clerk of Timber, Mineral, Grazing and
Irr:lga.tion lends,*
+ #Irrigation." 53=-5l.
Part II, “Dominion Ia.nds Surveys,"
"Regor‘l; of the Surveyor General . ®

" x

rrigation Sur‘v‘eys. P,
x No. 5. "Report of J.S, Dennis, D.L.S., General Irrigation
Surveys." pp. 19-28.
Letter of J.S. Dennis, Qonta.ining gensral remarks, pp. 19-20,
Report of Division A Party No, 1., pp. 20-26,
"Waterton lakes,® pp, 20-21.
"Cypress Hills. Pp. 21-22,
"Cypress leke," pp, 22-23,
*Diversion of Battle Creek into Gypress Iske,® p. 23.
"Dam Site East Bpd of Gyprees iake," pp. 23-25.
"Frenchman Creek," pp. 25—26
llepc:ri: of Division A Party Fo. 2. pp. 26~28:
* No, 6, "Report of 4.0, 'heeler. D.L.S,, Canadian Irrigation

Surveys. pp, 29—39, Report on the opera.tions of Divigion B,
%  Part III, “Irrigation." pp. 1-74+ 12 photographs, (Alphabetical index
to contents, PP. 71-74, Index to 11lustrations and meps, p.74.)

{(pp. 72-74 have been m:ls-mnihered. .68-70,)
Section I, Irrigation, pp. 5-35.
Progress in irrigation development. pp. 5-12.
Includes schedule of canals and ditches constructed and
projected, ppr. 6-10,
Canals. ... _
"St, Mary River Camai,* p, 12,
"Bow River Caml.™ p, 12, )
"Red Deer River Camsl." p. 13.
"Springbank Irrigation Canals.® p, 13. ,
"Water Rights far Domestic and Other Purposes.” p. 13-15.
Results from iyrrigation. pp, 16-24,
General, p. 16.
*Wheat", Pt 16,
"Ba.rleY. PP| 16?170
"Ooats®, - p. 17..
Digothy®, p. a7,
"Broms Inermis,® p, 17.
“Peas anl Rye." p. 17.
"Native Grasses," pp. 17-18.
"Vegetables." p. 18. ..
*Fumber of Irrigations.® p. 18.
"Planting Fodder Crops." p. 18,
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"Statement of Acreage ‘under Grop. and Yields from same,
during Season 18%96,..". p. 19,
"Table of Prices Current at Calgary." p. 19.
"Statement of Temperature and Rainfall at certain points in
Southern Alberta and Wesiern Assiniboia, during the months
of May to September, 1nc1u.sive, during 1895 and 189%," p. 19.
*Infoyrmation from Irrigators." pp. 20-24,
"Boundaries of the Arid Region and Meteorological Information |
regarding that Region." pp. 24-35.
Tables of mean temperatures at varlous stations. pp. 25-28.
Tables of precipitatlion at varions dations, pp. 9-31.
Results of analyses of water from variois streams, p. 32,
Statement of rainfall at Calgzary. p. 33. .
Obgervations of evaporation at two stations. pp. 34-35.
Diagrams of rise and fall of Bow and Elbow Rivers at Calgary.
Between pp. 32,33.
Section II, "Canadian Irrigation Surveys." pp. 37-69.
Rgport of J.S, Demnis, including general remarks, anml dealing
pa.rticala.rly with the work of Division A of the survey,
pp. 37-47. — e
"Schednlg showing the Measured or Ualculated /High Water or
Flo Discharge of Certain Streams during 189%..." p. 39.
"Sehedulé showing Low Water Gauging of certain streams during
the year 189%..." p. 40,
"Proposed Camal to Divert Water from the Suuth Saakatchewan
Biver to the Regina and Moose "Jaw Plains." pp. 41-43.
*The Red Deer Rosebud Cana.l Tp. 4346,
*Source of Supply." p. b4,
Table of gaugings of Red. Deer River. p. 45.
"Location of Canal,® p. 11'5.
l'Di:m—::.nzai.m:ls of Camal.® p, 46,
Report of A.O, 'hoeler, d.ea.ling with the work of Division B, ppr. 48-69,
“Traverses,* 52-57-
"Elbow River. PP. 52-55. Includ.es a pection, pp. 5455, on a
proposed reservoir site,
Sheep River, south branch. DPe 55~57.
Part V. "North-west Territories.®
%* *Irrigation.® p. 3. Brief comment,

Anma) report for the year 1898, Ottawa, 1899, )
*Report of the Deputy Minister of the Interior, p. i ff,
& "Irriga.tiom and Irr!ga.tion Sumys. PP. XXiv-xxv.
Part I. "Dominion lands,® p. 1 ff.
¥o. 2. "Report of the Superintendent of Mines," p, 26 ff,
. Mrrigation." p. 27.

*Jegislation in Aid of Irrigation,® p, 28,
No. 4, "Report, of the Chief Clerk, Timber, Mining, Grazing and

Irrigation.* p. 37 £f.
% "Ippigation, p. 55, Applications for authority to divert water

for irrigation and other purposes, md regulations pertaining
thereto.

o »
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Part VI, "Dominion lands Survaya.. P , 355 ff.
"Report of the Surveyor General.® p. 357 ff.

x "Irrigation Surveys,® pp. 364-365, Summary of work donme, with gome
mention of findings.
Fo, 23, "Report of J,S, Demis, D.L.S., Irrigation Surveys."
PP, 439-440, General report.
x No, 24, "Report of A.0, Wheeler, D,L.S,, Irrigation Surveys."
PP. 441—&48 A more detailed report.
*Surveys."
"Party Ko, 1, pp. W1-lk2,
"Party No, 2." pp. Mz-uza.
*Party Ko, 3 P. %3
"Hydrographic Records.”
"Nilometers," p. .M# (Inltmments to record a stream's rise
and fall,) .
“"Gauge Rods,* PPe Bl diy6
"Evaporation.” p. 446,
"cross-Sctions, P, 7,
"Rating Station." p, 447.
*Ditch Inspection., p. 447,
"Off:lce Work,® p. 443,
x No. 25. "Report of R.W, Magintyre, C.E.,, Irrigation Surveys.®
9450, ..
Operations of Party ‘o, 2,
x No. 26. PReport of Jas. T. Child, B.E,, Irrigation Surveys,®
Pp. 451-452, Operations of Party No. 3, including
examination of potential reservolr sites.
(Vote: The “Fourth Gemsral Report on Irrigation and the Canadian
Irrigation Surveys,® which normally wonld have formed a
Fart of thisg anmal report, was not included. It is
found in the report for the year 1899, Part VII,)
Anmmal pevort for the year 1899, Ottawa, 1500
"Report of the Deputy Minigter of the Interlor.* p. i ff,.
* "Irrigation and Irrigation Surveys." pp. xxviili-xxix,
The umisually heavy rainfall of the past season,
Contimation of congtrection of irrigation works despite hesavy
rainfall. .
Summary figures indicating the extent of irrigation,
Water rights for domestic purposes.
Irrigation surveys.
. The special irrigation reporte.
Part I, Dominion Iands,"
No. 2. "Report of the Superintendent of Mines.* p. 25 ff.
x "Irrigation." pp. 27-28,

Some predictions about the future of irrigation in the semi-
arld region.

The advantages of the hamlet system, related particularly
to irrigation,

Pogsibilitles of water power from the larger irrigation
schemes.
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. "Aid to Irrigation.* p, 28,
"Water Supply for Stock from Wells by the Ald of Windmills," p.28,
No. 4. "Report of the Chief Clerk, Timber, Mineral, Grazing and
Irrigation,® p, 36 ff.
"Irrigation.” pp. 60-61, Applications for amthority to divert
. water for irrigatlon and other purposes, and regulations
pertaining thereto. .
Part VI, "Dominion lanis Surveys.™ .
"Report of the Surveyor General.* p., 3 ff.
"Irriga.tion Surveys." pp. 9=-10. Summry of the vork done,
Part VII, "Irrigation.™ pp. 1—78{- iilustrations,
Yrrigation surveys of 1897, pp, 1-35 4 8 diagrams 4 4 plates.

"Report of J,5, Denmnis, D.T.5., Surveys of 1897." pp. 1=5.

Summary of work of Division 4, Party No, 1, and gome of its
findings regarding water storage and diversion posslbilities,
PP. 1"'"2

Summary of work of Division A, Party No, 2, and same of its
findings regarding water storage possibilities, p. 2.

Summary of work of Dvision B, pp. 2-3,

Climate, pp. 4-5,

Schedule of mean temperatures for 1897 at various sta.tione. P.
Schedule of precipitation for 1897 at various statioms, p, 4.
Analyses of temperature and precipitation schedules. p. 5.

Report of R.W, Macin'l_;yre, C,B,, on work of Division A, Party Fo,

1, PP. 6-12.

"St. Mary's Camal." p, 6,

"Waterton lakes,® ._6.

®Cypress Hills. PP. 6-8.

"Cypress lake.“ p. 8.

*Diversion of Battle Creek into Cypreas Ieke . p. 9.

The feasibility of the schems,

"Dam Site East ¥nd of Crypress Iake,® p, 9.

"Frenchman Creek," pp, 11-12,

Report of 0, York, C,B,, on the work of Divlsion A, Party No, 2,
PP. 12-14, Summary of work done, including inspection of some
potential gites.

Report of Arthur O, Wheeler, D,L.S., on the work of Division B,

pP. 14-22, Includes measurements of discharges of 8 streams,
Report of W.J, Mackenzie, on traverse of Highwood River, pp, 23-28,
*Traverse of the Upper Part of the Highwood River," pp., 23-26,
"Praverseof Pelkrisko Creek (Middle Fork of Highwood River)."
PP. 26-27.

*Praverse of Stimson Creek." pp. 27-28,

Methods of Traverse of Highwood River, Pekisko and Stimson
Creeks and Cataract Bra.x_mh‘i. P, 28,

"Hydrographic Records,* pp. 29-35.

"Diascharge of Streams." pp. 29-30,

"Evaporation.® :pIJ. 30-31.

"Rating Sta.tion. Pp. 31-33.

*Nilometers." pp. 33-34.

. “Gauge Rods.™ pp. 34-35.

b,
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"Diagrams showing rise a.nd ra.ll and crose sections of various

streams, Following p. 36
Irrigation surveys of 1898, pp. 37=70 # 5 photographs f+ 15 diagrams,

the illustrations following p. 78,

"Report of Artmr O. Wheeler, D.L,S., in Charge." pp. 37-%49.

*"General., pYp. 37-38. Includes desoription of the functions

of the three marties into which the surveys were divided,
as follows: Party No, 1., to contime the photo—topography
survey f ormerly conducted by Divigion }; Party Ko, 2, to
obtain the detail needed to complete a contour map to show
the irrigable areas and the routes by which water could be.
brought to those areas; Farty No. 3., to continmue the
explora.tory gurveys to locate suitable water storage sites,

“Party No, 1, YD, 38-Ud,

'Party No. 2 Pe 1&5'

"Party No. 3." pp. bs-ls .,

Miscellaneous, Pr, 46-49,

Ditch inspection,

Ingpection of a small lake,

Bench marks.

Tenpera.ture and preoipit&tion data, .
Report of R,W, Maocintyre, C.E., on work of Party No, 2, pp. 50-53.
Report of James T. Child, C.E, on work of Party No, 3.pp. 54-58.
*Hydraalic and Hydrogmphic Records." Pr. 5970,

8Discharge of Streams." pp. " 59-60,
“Rating Stat:lon * pp. §0-62.
'Era.pora.tion. Pp. 63~64.
"Nilometers,"™ "r. 65-66,
"Gauge Rods.* pp, 6669,
*Office Work," pp. 69-70.
*Remlts from I;-r‘.l.gation, 1897-98." pp. 71-78. . )
*Bulletin No, 3, Information from Irrigators.® pp. 72-74%.
"Bulletin No, 4. Information from Irrigators." pp. 75-78.

Anmual report for the year 1908, Ottawa, 1909.

*

»

" ww

"Report of the Deputy Minigter of the Interior." p. ix ff.
p. xxiii, paragmpph 6, Investigation of the "water powers of
the northwest provinces.” ) .
Part III, “"Surveys."
"Report of the Surveyor General." p, 3 ff.
7p.6-7, Investigation of tlie water power on the Winnipeg River.

Part VII, *Forestry ."

Report of the Superintendent of Forestry , R, H., Campbell, p. 3 ff,
"¥ater Suppiy.® p. 5. Approval of an a.pplication to dam Clear lake,
*Iyrigation.® p. 10, Statistics and other administrative details,
“Irrigation Convention," pp. 10-12. Includes resclutions passed

urging the government to conduct investigations.

Appendix No, 11, "Report<of John Stewart, D.L.S,, C.E,, Commissioner
and Chief Engineer of Irrigation,® pp. 43-44, Canadian irrigation
gsurveys, Includes summaries of work of the two engineering parties
gent into the field, nnder Messrs. Burley and Sauder, respectively,
and pome administrative details,
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* Append‘lx Fo. 12. *Report of P,M, Sauder" on the work of his party.
PP- ’4-’*-45 )
"Wydrographic Work.® pp. 44—45,
®"Inspections,™ p. 45. Inecludes inspection of:
Applications for water rights;
Proposed locatlons for irrigation land purchases;
Reservolr sites set apart by Order in Coumcil;
Idcenasd 1rriga.tion works,
* Appendix Wo. 13, “Report of Ralph J. Burley" on the work of his marty.
Pp. #4546, Inspection and hydrographic work,

Anmial report for the year 1909, Ottawa, 1909,

"Report of the Deputy Minister of the Imterior, 1908-9,* p. ix ff,
"Forestry and Irrigation.® pp. xxxv-xxxvi,
% P, xxxvi, paragraphs 4-5, Stream meagurements and irrigation
developments of the year. :
Part III, *Surveys,"
"Report of the Surveyor General.® p, 3 f£f.
®Miscellaneocus Surveys." p. 5.
x Paragraph 8, Mr, Thibaudeau's invegtigation of water powers
in Alberta,
(Note: The above reference states, A mass of valuable
information is farnished by /Mr. Thibaudesn' 3}
report and the maps to accompany it, which are
published herewith." This report va.s not located
by the bibvliographer in this anmual report of the
department. ) .

Part VII, "Foyrestry and Irrigation,"
"Report of the Superintgnﬂent of Forestry and Irrigation. R, H,
Gsmp'bellu P. 30 - . .
x "Irrigation,® pp. 11-20,

Progress of irrigation development, rr. 11-15,
General,
*The Southern Alberta Iand ¢ompany,®
"Alberta Railway and Irrigation Company's Irrigation Project "
"Canadian Pacific Railvay Company's Irrigation Project,.®
"The Aylwin Scheme,®

Problems in granting irriga.tion licenses, pp. 15-16,

“Reservoi;- Sites." p. 17.

ADrainage." pp. 17-18,

*Accounts.” p. 18. .

"Hydrographic Survey." pp. 18-19,

*Irrigation Map," pp. 19-20,

* Appendix No, 18, "Canadian Irrigation Surveys, Report of John Stewart,
0.L,s ., C.E,, Commiggioner and Chief Engineer of Irrigation,"
pp. 83-84, Includes summaries of work of the two engineering
parties sent into the fleld, under Messrs. Burley and Sauder,
respectively, and some administrative details.
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Appendix Fo, 19, Report of Ralph J, Burley on the work of his party
and on the progreas of irrigation development in the Cypress Hills
district during the season past. pp. 84-B7.

nspections,

"Hydrographic Work,"
"Regervoirs,

Appendix No, 20, Report of P.M. Sauder on the work of his party,
pP. 87-89. Includes ingpection and hydrographic work.

Appendix No, 21, "“Hydrographic Surveys. (Appendix to report of
Superintendent of Porestry.) Extracts from a Report of P.M,
Sauder, on the Hydrographic Work of the United States Geological
Sarvey and the Necessity for the Orga.nization of Similar Work in
"Organization and Scope of Work.®
"Field Methods of Measuring Stream Flow,"

"Velocity Method of Caloulating Stream Flow."

ROffice Methods of Computing Run-—off,*

MExplanation and Use of Tables."

"District Hydrographer?

»/Suggested/ Hydrographic Work in Alberta and Saskatchewan,®

Anmual report for the r 1910, Ottawe, 1910

"Report of the Deputy Minister of the Interior, 1909-10,* p, ix ff,
*Irrigation.® p. xxxvi. Irrigation development and atream
measurement ,
(Note: The a.bove sectign containg the statement that "The result
of the season's work /in stream measmrement/ is now being published
as a separate bulletin,?)
Part III, ™“Surveys."
"Repo;-t of the Surveyor General,® p, 3 ff,
"Correction, Restoration and Miscellansous Surveye." pp. 6-8,
P. 8, paragraph 3, Examination by Mr. Thibaudean of potential
sites for storage reservoirs for irrigation and other purposes,
Part VII, "Forestry and Irrigation."”
"Beport of the Superintendent of Forestry and Irrigation.™ p. 3 ff.
"Conventions.® p, 3,
Western Camada Irrigation Agsociation meeting.
International Irrigation Congress.
Irrigation., pp. 10=12,
The importance of irrigation survey-. p. 10.
"Southern Alberta Iand Company," p. 10,
Work of the Canadian Pacific Railway Company. p. 1l.
"Small irrigation pro;jects.“ p. 11
"Hydrographic survey,® p, 11,
Special exanimation of Milk and St, Mary Rivers, p. 12,
Tables d.ealing with water, including one for irrigation schemes, p.12
Appendix No. 20, "Canadian Irrigation Surveys. Report of John Stewart, D.L.S.,
C.E., Comisaioner and Chief Engineer of Irrigation, for the fiseal year
1909-10," pp. 65-66. Includes summaries of the work of the two emgineering
parties sent into the field, under Messrs, Bu,rleyad Tempest,
respectively, and some administrative details,
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Appendix No. 21, Report of Ralph J. Burley,Inspecting Engineer, pp. 67=73.
The following topics are dealt with, though not necessarily in the
following order:

General Remarks,

Ingpectioms,

Hydrographle work.,

General, ;
"Battle Creek,"
"Lodge Creelk,"®
"Bullshead Creek.,™
"McKay Creek,®
"Ross Creek,"“

Suggestions for lmprovement of irrigation adninistration and surveys.

Progregs of irriga.tion development.

Appendix Yo, 22, Report of J,5, Tempest, Inspecting Engineer, on the
work of his party during the year 1909-19010, pp. 74-77. Deals with
inspections and progress in lrrigation development observed theredy,
surveys, and hydrographic observations,

Anmial report for the wear 1911, Ottawa, 1911,

x

*

"Report of the Deputy Minister of the Interior, 1910-11." p, ix ff.
®*Irrigation." pp. xxxix-x1, Water supply in the Western Prairie Provinces,
Fart TII, "Surveys".
"Report of the Surveyor General," p. 3 ff.
"Correction, Restoration and Miscellanecus Surveys." p. 6.
Paragraph 9, Survey of a water-power site at Cole Falla on the
Saskatchewan River,
Paragraph 10, Water-power surveys by Mr, Thibaudeau of Winhipeg
. . and English Rivers,
Part VII, "Forestry and Irrigation,®
¥o. 1. "Repor.t of the Superintendent of Forestry." p. 3 ff.
®*Irrigation.* p. 17.
The dry season of 1510,
Irrigation in the western states of the United States.
"Hydrographic Surveys." pp. 17-18,
Publication of the first report of the hydrographic surveys in
the irrigation distriet,
Scope of the surveys.
Drainage and 1rrigation schemes statisticas, p, 18.
"Irrigation Surveys.™®
No, 21, "“Report of John Stewart, Commissioner and Chief Engineer
of Irrigation.® pp., 101~103. Includes summaries of the
work of the four engineeringparties sent into the fleld,
unier Messrs, Burley, Fletch r, Yeupest, and MacKinnon,
regpectively, and some adminigtrative details,
¥o. 22, Report of J,S, Tempest, Irrigation Inspection Ergineer
in southern Al'berta., for the year 1910-1911, pp. 13-
104, Deals with inspections, mirveys, hydrographic
observations, and irrigation during the season, as
well as some suggostions,

.

-
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Fo. 23, Report of Ralph J, Burley on the inspection and
hydrographic work done under his and Mr, Fletcher's
direction, and on the bprogress of irrigation develop-
ment in the Cypress Hills district, during the year
ending March 31, 1911, together with some suggestions,
pp. 105-107, '

*HBydrographic Surveys." No, 24. Beport of P.M, Sauder, Chief
Hydrographer, on the work of the Hydrographic Survey during
year ending March 31, 1911, pp, 108-115.

General, p. 108,

"Calgary District." pp. 109-110

"Macleod District.” pp,. 110-111.

"Milk River District,” pp. 111-112,

"Cypress Hills District. PP. 112-113.

"Moose jaw Digtrict Pp. 113-114,

"Ooffice Work." pp. 114-115,

"RPature Work," p, 115.

No. 25. "Report of the Milk and St, Ha.ry Rivers Imvestigation,
1910-11, by F.H, Peters, C.E,," pp. 116-118. (Stream
measurement data were not included in this report, but
were tobe included in the Chief Hydrographer's "Report
of Progress of Stream Measurements,")

Anmnal report for the year 1912, Ottawa, 1912,

x

"Report of the Deputy Minlster of the Interior. 1611-12," P. ix ff.
"rrigaticn and Hydrographic Surveys." p. xxxix,
R"&ter Pmrﬂ. P. in
Importance of wter power in Western Canada,
Egtablishment in 1911 of the Water-Power Brangh,
Part I. "Dominion lands,®
¥o. 35. "Report of the Water-Power Branch," pp.210-220, (First anmal
report submitted by J.B, Ohallies ) '
Organization of the 'bra.nch PP. 210-211,
*Pield Staff." pp. 211-212
"Coquitlam Dam, B.C,"
"Hydrographic Surveys,* - .
"Water Power and Stor Invesyigations."
"AWater-Power Regulations.“ p. 212,
"Water~Power Developments.® pp. 212-214,
General
Coquitlam Dam (B,C,),
Minnewanka Dam . ,
"Small Water-Powers." p. 21,
"Hydrographic Surveys.“ pp., 214-216.
"Railway Belt, B.C,”
"Province of Manitoba,"
“Water-Power and Storage Investigations.” pp. 216~219.
Winnipeg River aystem.
Bow River system :
"Power in Southern Saskatchewan,® p. 219.
Foreshore lands. p. 219,
®Reclamation Invegtigations.™ p. 220,
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Part VI. "Forestry and Irrigation," |
No. 1. Report of the Director of Forestry, R.E, Campbell., p, 3 ff.

"Water Administration." pp. 18-19,
"Ingpection of the Canadian Pacific Railway Company's Irrigation

Project." p. 19,

"St Mary and Milk Rivers." p. 20,

*The Southern Albert- Ia.nd.Compa.ny PP 20=21,
"The Alberta Iand Company.® p. 21.
"Hydrographic Surveys." pp. 21-22,

"Gontour Surveya." Pp. 22-23,

"Duty of Water." p. 23.

"Drainage,.? pp. 23-24,

"Irrigation and Hydrograhic Surveys." pp. 162244, (The ."anmal
report of the work done ... during the year 1911 on
Irrigation and Canadian Irrigation Surveys,® subtmitted
by F.H, Peters.)

¥o. 38. Report of the Commissioner of Irrigation and Chief
Engineer, F.H, Peters, pp. 162-173.
Importance and scope of the work dome, pp. 162-163,
"General Information regarding Irrigation in Alberta and

Saskatchewan", pp. 163-164, )
"Procedure for Granting Water Licenses. pp. 164-165.
"Difficulties in Carrying on the Work,® pp, 165-166.
*Division of Work into Districts.® p. 166.

The Maple Creelk dlstrict.

The Calgary district,

Special Iinspectlions engineers for other schemes,
"Determination of the Low, Bigh and Flood Discharge of Streams,"
*Office Work." pp. 167-168.

"Difficulties and Defects in the System of Irrigation

"Cancelliation of Licenses for Non-Use of Ha.ter, PP, 169-170.

"Departmental Control of Natural Resourees,” pp. 170-171,

"Determination of the Proper Duty of Watar.“ P, 171,

"Clagsification € lands for Irrigation." pp. 171-172.

Variation of duty of water with location.

"Provincial Control of Natural Water Resocurces." p, 172,

"Necessity for Increasing and Developing the work." pp. 172-173.
¥o. 39. "Report of Ralph J, Burley, Division Engineer on Maple Creek

District.™ pp. 17&-179.

Organization of the work into three parties - eastern section,
western section, and levelling party. pp. 1?11--175.

"General Condition of Irrigation Works.* pp. 175-176.

Pature Improvement of Conditions, pp. 176-177.

(1) "Improved Distrimmtory Systems, Revised Grades, dc.%,

(2) "™Reservoirs,"

(3) "Mutual Arrangements for the Division of Water and .

Construction of Works."

(4) "Replacing Temporary Structures with Permanent Ones,"
"Regervoirs." pp. 177-178. ) _

"Gauges in Ditches and Streams.® p. 178
"Inspecting Engineers' Reports.® pp. 178-179,
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No, 40, Report of W.A, Flebcher, Inspecting Engineer, on Maple
Creek District, Western Section, pp, 179-181.
Vo, 41. "Report of ¥,T, Fletcher, Ingpecting Engineer on Maple
Creek District, Eastern Section, pp. 182-184,
Mgthod of work,
"Hydrographic Work."
8Bench Marks,"
"Inspection Work and Traverse.*
_"Progreas of Work,"
""Application of Water.®
Fo, 42, "Report of Ralph J, Barley, on Crops in Maple Creek
Digtrict." pp. 185-190, Su'bhoa-dings. ’
*Crops frown under Irrigation.® pp, 186-187. .
"Methods of Irrigation Used and Success O'bta.inod PP. 187-188
*"Flood Water Irrigation and Duty of Hater. Pp. 188-190,
*Appendix to Crop Report of R.J, Burley." p. 190. Data on
products from irrigated land of one Francis Wright,
"Schednle of Bench Marks Established in Maple Creek District
during Season of 1911," p. 191,
Yo, 43, "Report of J.C. Milligan, Inspecting Engineer, on
Calgary District."™ pp. 192-19%, .
"Limits of District and How Territory is Coveredc . " p. 192.
"General Conditions of Irrigation Work in the District."™
PP» 192"1%0
"Extent and Character of Irrigation Done," p. 193.
 "Suggestions for Betterment of cmditions. P. 193,
“"Pergonnel and Equipment of Party," p. 19%.
Ro, 44, "Report of J.C. Milligan on Crops in Calgary District,*
PP- 195-1%0
¥o. 45. Report of P.J. J'ann:lngs. Speeial Ingpecting Engineer,
on specia.l ingpections. pp. 196-196.
General, p. 196.
"Area of Territory, Gmred n ;p. 197.
"Class of Inspections. P. 197,
"Protests.” p, 197,
"Drainage.* p. 198,
"Difficulties Attridutable to Widely Scattered Inspection,®
p. 198,
""Schemes Inspected, Cost, &c.® p. 198
No, B6. Report of P .M. Sauder, Chief Hydrographqr. on Streanm
measurement s during the seagon 1911-1912, pp. 199-211,
"Oorganization and .Scope of Work, PP. 199-200,
"Banff District." pP. 200-201,
"Calgary District.® pp, 201-202,
*"Macleod District,® pp. 2&-203.
"Cardston District,™ p, 203.
'Milk Ri'er Diatrict-' P. 204 . .
"Western Cypress Hills District.' pP. 205-206,
"Eastern Cypress Hills District. pp. 206-207,
"Wood Mountain District. .p. 207,
"Moose Jaw Distriet," p, 208.
*Battleford District " oy, 208-209,
"Rating Meters.® p. 209,
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"Bench-Marks," pp. 209-210,
_#0ffice Work," pp. 210-211,
""Puture Work P. 21].
No, 47, Report of §¥.M, Sutherland, District Hydrographer, on the
work done in the Wood Mountain district during the summer
of 1911, pp. 212-216,
o, 48, "Special Report of the Commissioner of Irrigation on lLevelling
Operations during 1911.* pp. 216-218,
No, 49 "Report of the Commisasioner of Irrigation on Regervoir-3Site
: rveys." pp. 218-220,
No. 50. "Report by the Commissioner of Irrigation on the Proposed
South Saskatchewan River Diversion Canal.® pp, 220-227, By
F.H, Peters.
“Hiatoricq-l " p. 220,
®*Report of Work Done during Season of 1911, by B. Rugsell, C.E,"
pp. 220-221,
“Study of Pumping and High level Gravity Scheme." pp. 221-222,
. "Detalled Discussion" (including computation). pp. 222-225,
Diagrams showing pipe and excavation crosg-sections. pp. 226-227,
No. 51, Report of the Commisaioner of Irrigation on the Current meter
rating atation at Calgary, pp. 228-233.
"Tables of Precipitation and Temperature in Alberta and Saskmtchewan,"
PP. 233-244, The period dealt with is 1895-~1511, and the tables
are given for 16 stations,

B, Apma) Reports on Irrigation, 1902 and 190607,

% Canada Department of the Interior, Irrigation in the North-ve st Territories
of Canada, 1902, Canada Department of the Interior, Ottawa, 1903, 137pp.
"Introdnetion," pp, 7-8.
YArea, Boundaries and Deacription of Semi-Arid Portion of North-west
Territories.” pp, 9~10.
"Temperature,™ pp., 10-21, Includes tables for the years 1883-1901 for
varions stations.
Precipitation, pp. 21-26 Includes tables for various stations,
"Evaporation," pp. 26-29.
"Water Supply." pp. 30-35.
*Irrigation Development." pp, 37-65.
General. pp. 39-42. Includes gehec_iule of canals and ditches
constructed and a.uthorized..
*Calgary Irrigation Company.* p. 42
“The Springbank Irrigation Canal,” p, 42.
"Canadlan North-west Irriga.tion Company.® pp. 42-43,
"R ,A, Wallace Ditch," p. 43.
"Find.la.y and McDouga.ll Ditch." p, 43.
"T,W, Robertson Ditch,® p. 44,
"New Oxley Ranch Compa.ny's Ditch," p. b4,
W B. Hall Ditcm'o FP. M"‘L"SQ
"Reaults from Irrigation."pp. #5-64. Includes schedules of information
from irrigators for years between 1895 and 1901, inclusive,
"Methods of Irrigating.® pp. 64-65,
*Effect of Irrigation on Summer Fpoats." p, 65.




- 57 =

*Irrigation surveys." pp. 67-126.
General, p. 69. .
"Topographical Surveys." 69-7?,
?Photo-Topographical Surveya. Pe 77,
YEydrographic Surveys." pp. 77-116. o
Disgrams showing rise and fall of varlous streams, pp. 79-97.
Potential reservoir sites located, shown in sketch plans. pp. 98-116,
Feapo Creek,
Redfox Creek.
Manybones Creek,
Squirrel Hillg Creek,
Bogey Creek,
Wagcana Creek.
Cottonwood Creek.
Moose jaw Creek.
Jumping Poznd Creek.
Elbow River. .
Elbow River, Fisher Branch,
Fish Creek, South Branch,
Branch of Fish Creek.
Sheep River, Scuth Branch

®Canal Surveys." pp, 117-122,
General p. 117. .
RSt, Mary Irrigation Camal.” p. 117
"The Bow River Irrigation Canal." pp. 117-118,
"The Red Deer and Rosebud Canal.* pp, 118-120,
"Proposed Diversion of 'Water from the Elbow River into the

Head of Fish Creek." pp. 120, 121,
"Proposed Diversion of Water from Frenchma.n's Creek into the
Head of Swift current Creek." p. 120,

"The Milk River Canal," pp. 120,122,

Table of "Elevationg of Varicus Points Throughout the Northe
wost Territories a.nd Manitoba," pp. 123-126,

"Powns and Cities." p. 123,
"Rivers." pp. 123-125,
Rallways, pp. 125-126,
Synopsis of law relating to the use of water. pp. 129-137.
The North-west Irrigation Act.
The Irrigation Distriet Ordinance.
(Note: It appears to be the purpose of this report to cover irrigation up to
and including 1902, and not just the 1902 season,)

Canada Department of the Interior, I;;;gatién in the Proyinces of
Alberta and Sagkatchewan, 1906 and 1907, Canada Department of
the Interior, Ottawa, 1908, 84 pp. '

Report of the Superintendent of Irrigation, Mr. John Stewart. pp. 1-27.
"Introduction.” p. 3. .
"Meteorological Statistics.® pp. 5-6.
"Irrigation Development.® pp., 7-27.
®Trrigation Development in the Province of Alberta." pp. 709,
Schednle of canals and ditches constmected and authorized.
"Irrigation Development in the Province of Saskatchewan,®
pp. 10-11., (As above),
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%The Alberta Railway and Irrigation Company's Canal," p. 12,
"The Enright and Strong Ditch,® p. 12,
"The Fearon, Mcorhead and Hastie Diteh," p. 12.
*The Canadian Pacific Rallway Irrigation Project,® pp. 12-13.
"The Southern Alberta Land Company's Irrigation Scheme." p, 13.
Water supply and hydrographic surveys. pp. 13-17.
Informtion from irrigators on results, pp. 18=21,
"Sugar Beets grown in Southern Alberta.® p. 22,
"Reservoirs for Storage Furposes.® pp., 22-23,
"Elevations of Various Points throughout Alberta and
Sagimtchewan." pp. 23-26,

Advice to the practising irrigator. pp. 26-27,

Appendix A, "Meteorological Statistics." pp. 28-38,

Appendix 3. "Report of proceedings of First Irrigation Convention
of Western Canada, 1907.% pp. 39-84,

C. A Pamphlet on Natural Regourcss

Canada Department of the Interior, Natural resources of the Prairie
Provinces, a brief compilation respecting the development of
Manitoba, Sasgkatchewan and Alberta, 1923, Canada Department of
the Interior, Natural Rescurces Intelligence Service, Ottawa,

1923, 57 PP,

*+ "Climate." pp. 5-11.
General, p. 5.
Tables of tempera.ture.precipita.tion and sunshine, p. 6-10,
Tables of hail and frost. pp, 10-11,
"Lands and Agricultuye." p. 12 ff,
* *Irrigation development.* pp, 26-28,
General. p. 26,
"Alberta®, p..26
‘Saskatchewa.n . P. 26,
"Manitoba," p. 26.
Co-operative development, p. 27.
Table showing actual and propésed development in Western Canada, p.27.
Map showing actual and proposed development in Alberta and
Sagketchewan, p. 28,
] WSynopsis of the Provisions of the Irriga.tion Act for the Guldance of
Applicants for Water Rights," pp, 29~30.
% ™Water Power." pp, 50-53.
Gensral. p. 50.
Tables intended to outline the power available on the main rivers. p. 51.
Manitoba.
Sagkatchewan,
Alberta
"Syncpsis of Dominion Water Power Regulations.” p. 52.
Map showlinig principal develored and undeveloped water~power sites in
the three provinces. p. 53.



ACTS, :
(Ses: Irrigation District Ordinance; North-west Irrigation Act; Ilaw.)

ADMINISTRATION, TRRIGATION.
1895, p.. xviid.
1895, Pt, 111, w, PD. 142-155
1896, pp, mii-mi.ii. '
189, Pt, ITI, pp. 10-11, pp. 18-23.
1898, Pt, 1, p. 55..
1899, Pt, I, pp. 60-61,
1908, Pt, VII Py Se.
1909, Pt, vxr, Pp. 15-16,
1910, Pt, VII, w, pp, 67-73.
1912, Pt, VI, pp. 164-165, 169-170,

ADMIFISTRATION, WATRR, 1897, Pt, IiI,, pp. 13-15.
1912, P¢, VI, pp. 18-19, ». 172,
(See also: Lincenses, water).

AID, GOVERNMENT, 20 IRRIGATION,
189"" Pt. I. wt pp‘. 29-350

ALBERTA IAND COMPANY,
1912, Pt. VI, p, 21,

AIBERTA RATIWAY AND IBRRIGATION COMPANY
1909, Pt. VII, w, pp. 11-15,
I, 1906 and 1907, p. 12.

ANALYSIS OF WATER. |
1895, Pt, III, p. 50.
1897, Pt, III, p, 32,

ARFA UNDFR TRRIGATICON,
(See: Irrigation operations and results.)

ASSISTANCE,
(See Aid,)

CALGARY EYDRAULIC COMPANY,
1895, Pt. I1II, w. pp. 21-27,
189, Pt. III, p. 8.

CALGARY I'RRIG-ATION COMPANY
1895. Pt, III w- PP. 1-270
1896, Pt. III' . 8.

I' 1902' P. 42-
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CANADIAN NCRPH-WEST IRRIGATION COMPANY,
I, 1902, pp. 42-43.,

CANADIAN PAGIFIC RATINAY COMPANY TRRIGATION PROJECT,
1909, Pt, VII, w. pp. 11-15.
1510, Pt. VII, p. 11,
1912, Pt, VI, p, 19,
I, 1906 and 1507, pp. 12-13.

CANAIS,
(Ses Specific names, especially in water bodies index.)

*

CLIMATE _
1896, Pt. III, pp, 25-29. (meteorological conditions in the semi-arid
region.i
N, 1923, pp. 5-11,
(See also: Dry season of 1910, Evaporation and evporation investigations;
Meteorology. )

COLONIZATION OF IAND IN THE SEMI-ARID REGION,
1896, Pt. III, pp, 40-U44, 61-62,

COMPANIES, TRRIGATION,
189’4', Pt. I. W. PP. 29~35.
(See also: Alberta land Company; Alberta Railway and Irrigation Company;
Calgary Bydranlic Company; Calgary Irrigation Company;
Canadian North~west Irrigation Company; Canadian Pacific
Railway; New Oxley Ranch Company's ditch; Southern Alberta
land Company; Springbank Irrigation Canals.)

CONVENTICNS, IRRIGATION,
189%, p. xx.
1894, Pt, I,, v. ‘PP 29-35,
1893, pp, xix-xx._
1908, Pt, VII., pp. 10-12,
1910. Pto VII.' P- 3.0
I. 19% and 190’?! PP. 39—811-.

CO-OPERATION IN IRRIGATION DEVELOPMENT
N, 1923, p. 27.

CROP REP(RTS,
(See: Irrigation operations and results.)

CYRRESS HII.IS
1899, Pt. VII,, pp. 6-8.
1909, :,Pt nI-s W. PP, 84-87.

DENNIS, J.5,, SURVEYS BY,
1894, w. yp. xvii-xix.
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DISCHARGE OF S']REAMS
1895, Pt, ITI,, pp. 104-1i7,
1897, Pt, ITI., pP. 39-40,
1899, Pt, VII., w. pp. 14-22, Pp. 29-30.
(See also: Hydrograph¥,.,.)

DIVERSION OF mrm HIOPCBED
1895. Pt III-. PPG 63"65-
1899, Pt. ViI., p. 9.

I, 1902, pp. 120-121,

DIVERSION OF WATER, FROPOSED, SOUTH SASEKATCHEWAN RIVER,
189?. Pt. IIIO' ppl bl-.l&a'

IRAINAGE _
1909, Pt, VII., pp. 17-18,
1912, Pt. VI,, pp. 23-24, p. 198.

DRY SEASON OF 1910.
1911, Pt, VII., p. 17.

DUTY OF WATER, '
1912, Pt. VI., p. 23, pp. 17172,

ELEVATINS, .
1, 1902, pp. 123-126,
I, 1906 and 1907, pp. 23-26.

EVAPRATION AND EVAPCRATION INVESTIGATIONS,
1896, Pt, III,, p. 67.
1897, Pt. II1., pp, 3435, '
1899, Pt. Vil., pp. 30-31, 63-64.
I, 1902, pp. 26-29.

EXTENT CF TRRIGATION,
(See: Irrigation gperations and results.)

FUTIRE OF TRRIGATION, FROSPECT ¥R,
1896, Pt, I., pp., 25-26.
1899, Pt, I., pp. 2728,
1912’ Pto VI-O PP. 1?6-177-

GEQOGRAPHY OF THE SEMI-ARID REGION
1895, pt, IIT., pp. 6-20,

GRAZING LAND, INCREASE IN AREA OF THROUGH IRRIGATION AND ARTESIAN WATHKR SUPPLY.
1896, Pt. 1., p. 26.

EAMIET SYSTEM, RELATED PARTICULARLY TO IRRIGATION,
1899. Ptt I-' We PP- 2?"28o

HIST(RY, IRRIG-A'I‘IOH
189". Pt Ic’ We PP- 29‘35.
1895. tn III.. . PP. 21"2?.
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HYDROEIECTRIC POWER,

(Ses:

Power)

HYIROGRAPHIC INVESTIGATIONS, U.S. EXPERIENCE,

1909,

Pt. VII., pp. 90-96.

H'YIBOGRAPHY H'!IROI»(H-Y AND EYDROGRAPHIC AND EYIRAULIC SURVEYS AND INVESTIGATIONS,

1895,
189,

1899,

1908,
1909,
1910,
1910,
1911,
1911,
1912,
1912,
1912,

Pt, I11,, pp, 7-10, 42-49, 53~57, 66-80, 99-117.
Pt, III,, pp, 2937, 65-66, 77-112,

Pt, VIIl,, pp, 2935, 59-70,

Pt. VII,, pp. G4-45.

Pt! HI!. PP- 13-190 wq Pp' M?'
p. xxxvi,

Pt, VII,, w. pp. 67-77..

pp. xxxix-xl

Pt IVII.. PP- 1?"18. pp. 108-115-
p-. xxxix,

Pt, I,, w. pp. 211-212,

Pt, VI., pp. 21=22, 199-216,

I, 1902, pp. 30-35 (water supply), pp. 77-116,
(See alao: Discharge; report on hydrographic surveys.)

INDEXES ,
1896,
1897,

A.LPKABETICAL
pt, III1,, PP, $11-vii,
Pt, III,, pp. 71-74. (pp. 72-74 have been mis-mmbered 68-70. )

INF(RMATION FROM IRRIGAT(RS.

(See:

Irrigation operations and resalts.)

INVESTIGATIONS, RECLAMATION,

1912,

Pt. I., p. 220,

(See also: Surveys)

IRRIGATION, |

1894,
1894,
1894,
1854,
1895,
189,

1896,

1897,
1897,
1898,
1898,
1899,
1899,
1908,
1909,
1909,
1910,
1910,

1911,

PP, Xxvii-xx

Pty I,y pp. 34

P¢, 1., PD. 29-35.

Pt' v-. p. 18.

Pty T4 p.,20, X

PP. mii—miii

Pt, I,, pp, 25-26.

Report of Deputy Hinistar. pp. 20-21,
Pt, I,y PP. 32-37, 53-54.
PPy Xxiv-xxv,

Pty I4s p..27. .

PP, xxviii-xxix,

Pto I.| PP. 2?-280

Pt, VII,, p..10, pp, 43-46.
P, Xxxvi,

Pt, VII,, PP, 11-20,
p._mvi

Pt. VII,, pp. 10-12,

PpP. xxix-x1.
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TRRIGATION (Contimied)
1911’ Pt! n;.' P’ 1?'
1912, p. xxxix.
1512, Pt. VI., pp. 163-164; 138-169.

IRRIGATICH ﬂEVEIDPMENT
1894, pp. Xix-xx,
1895, rp, xvi-xviii
1895, Pt, III,, w, pp. 21-27, pp. ab2-155,
18%, Pt, III.. yp, 2-10, %
189?! P"Eo III.. PP« 5-12 :
1909, Pt, VII,, pp. 1ll-15, v, pp. 8&—87.
1910, p. xxxvi. ]
1910, Pt. VII,, w. pp. 67-77,
1911, Pt. ViI,, w. pp. 105-107.
I, 1902, pp, 37-65,
N, 1923, pp. 26-28 (includes table and map of actual and proposed development.)
(See also: Co-operation in irrigetion development; Irrigation operations
. and results; and names of particalar schemes,)

IRRTGATION DISTRICT (RDINANCE,
1895, P¢. III., w, pp. 27-34.
(For references in subsequent yeare, see: law and legislation, ...)

IRRIGATIOF, HISTCRY
(See: History, Irrigation.)

IRRIGATION OPERATIONS AND RESUigs,
1895, Pt, III,, pp, 142-155,
1896, Pt, I., pp. 77-82.
18%, rt, I1I,, pp, 12-18,
1897, Pt, III.. PP. 16=24,
1899, Pt. VII., pp. 71-78.
1912, Pt. 'V'I., Pp. 186-188, p. 190,
I, 1902, pp. 45-64 (_!.ni‘oma.tion for years 1895 to 1901),
I, 1906 and 1907, pp. 18-21,

1895, Pt III., pp. 9-10.

LAW, ADMINISTRATION CF,
(See: Administration).

LAV AND LEGTSIATION, IRRI'GATIQN.
1894, w. pp. xvii-xix.
1894, Pt, I., w. pp. 29-35.
1895, Pt, III., pp._27-31|-, W, PP. 142-155.
18%, Pt. III,, vp. 23-25.
1898, Pt. I., p. 28,



LAW AND LEGISL:\TI OF, WATER,
1912, Pt. I., p. 212.
I, 1902. Pr. 129-137,
¥, 1923, p. 52. (Synopsis of Dominion water-power regulationsa,)
(See also: Iaw and legislation, irrigation).

LICENSES, IRRIGATION, FROBLEMS IN GRANTING,
1909. Pt. VII.. Pp. 15"16.

LICENSES, WATER, CANCELIATION OF, POR NON.USE OF WATER,
1912' Ptg vI-. PP. 169"170

MAP SHOWING FRINCIPAL DEVELOFED AND UNDEVELOPED WATER-POWER SITES
IN THE PRAIRIE PROVINCES,

N, 1923, p. 53;

MARKET CONDITIONS,
{See: Prices.)

MEASUREMENT OF STREAMS.
(See: HydrograPhy, s..)

METEROLOGICAL STATIONS,
1895' Pt, III.' p. 16.

METEROLOGY,
I, 1902, pp. 10-21 (tables of temperature for the years 1883-1501, for
various stations), 21-26 (tables of precipitation).
I, 1906 and 1907, pp. 5-6., 28-38.
N, 1923, pp. 6-11 (tables of temperature, precipitation, sunshine, hail
and frost).

NEW OXLEY RANCH COMPANY'S DITCH,
I, 1902, p. 44,

KRTH-WEST IRRIGATION ACT.
1895, Pt, 1II., w. pp. 27-34,
{For references in mibsequent years, see: Iaw and legislation, ...).

MDINARCES,
(See: Irrigation District Ordinance; law.)

OUTLOOK FOR IRRIGATION,
(See: Mature).

PEARCE, WILIIAM, ACTIVITIES RE IRRIGATION,
1894, w. pp. xvii-xix,

POWER, WATIR, _
1908, P.. ciii,'
1912, p. x1i.

1912, Pt. I,, p. 214 (small water powers).

N, 1923. TP, 50-53 (includes map showing principal developed ani undeveloped
water-power sites in the Prairie Provinces).

(See also: law and legislation,water; Surveys and investigations, water-power).
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POWER, WATER, TROM TRRIGATION SCHEMES,
1899, Pt. I., w. pp. 27-28.

PRECIPITATION, )
(See: Climate; Meteorclogy.)

FREDICTICNS,
(See: TPature.)

PRICES FOR GROPS; FREVATIING,
1897, Pt, III,, p. 19.

RECIAMATIORN,
(See: Drainage; Investigations, reclamation; entries concerning irrigation.)

REGULATIONS, WATER,
(See: Iaw and legislation, ...)

REPCRT ON HYDROGRAPHIC SURVEYS.
1911. Pt. HI.' W Pp. 17-18l

RESERVOIRS, | . ,
1909, P%, VII,, w, pp. B4-87,
I, 1906 and 1907, pp. 22-23.
(See alao: Sites, water-development, potential.)

RESULTS FROM IRRIGATION,
(See: Irrigation operations and resmilts.)

RIGHTS TO WATER,
(See: Administration; Iaw; Idcenses, irrigation; Licenses, water.)

SETTLEMENT,
(See: Colonization.)

SITES, WATER-DEVELOPMENT, POTENTIAL,
1895, Pt. III., w, pp. 58-59, pp., 102-103,
1897, Pt, III,, pp. S4-55.
1898, w. pr. 451452, , _
1899’ Pt' HI,. H'. pP'- 1-2’ We pp. 12-1"" W pp. 50""58.
1909, Pt, VII,, p, 17.
1910, Pt, III., p, 8.
1911, Pt, IIi., p. 6.
1912, P¢, VI,, pp. 218-220,
I. 1902, pp. 98-116 (ﬂketc.h pl&l_l')o
N, 1923, p. 53 (map of Prairie Provinces),
(See also: lakes and lake beds.)

SOIL OF THE SEMI-ARID REGION,
1895, rt, III., P. 7.
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SCUTHERN AIBFRTA IAND COMPANY,
1909, Pt, VII.,, w, pp. 1l-13,
1910, Pt. VII., p. 10.

1912, Pt, VI., pp. 20-21.
I, 1906 and 1907, p. 13.

SPRINGBANK IRRIGATION CAKAIS
1895, Pt, III,, v, pp, 21-27,
18%, Pt, III., p. 10.

1897, Pt. III., p. 13.
I, 1902, p. 42.

STATIONS, METECROLOGICAL,
(See: Meteorclogical stations),

STATTSTICS, METEGROLOGICAL,
(See: Meteorology.)

STRAGE OF WATER,
(See: Reservoirs.)

SUBSIDIZATICHN,
(See: Aid, govermment,)

SURVEYS AND INVESTIGATIONS, WATER~POWER
1909, Pt. IIT., p. 5.
1912, Pt, I., w. pp. 211-212, pp. 216-219,
(See alsof Hydrography, ...)

SURVEYS, HYIRAULIC. L
(See: Discharge: Hydrography, ...; Report on hydrographic surveys.)

SURVEYS, IRRIGATICN,
189, w. pp. xvii-xix.
189%, Pt, II., pp. 43-47,
1895, pp, xviii-xix, .
1895: P‘.;- II-.- j 4, pp. 8-11.
1895.Pt| II.-E-' PP. 35-],-170
189%, p. xxviii, | .
189%, Pt, II,, p. 5, pPr. 56=70.
189, pt, II11,, pp, 45-112,
1897, Ptq 11,, PP._G-S. 19-39,
1897, P&, 1IT,, pp. 37-69..
1898, pp, xxiv-xxVy,
1898, pp, 364-365, W39-4s52,
1899, Pt, Vi., pp._ 9-10. _
1899, Pt, VII,, pp, 1-3, 6-70.
1909, Pt ViI,, pp, 83-89. |
1910, Pt. VII., pp. 65-77.
1911, Pt, VII., pp. 101-107.
I, 1903, pp. 67-126,
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SURVEYS, IRRIGATION, INITIATICN OF,
189"" Pto II-. P. 'u'ﬁ

SURVEYS, TOPOGRAFHICAL _ )
1895, Pt. III,,pp. 36-41, 83-99.
1899. Pt. vI_I.. TP« 38-450
1912,, Pt. VI., pp. 22-23,

I, 1902, pp. 69-77

TEMPERATURE,
(See: Climate, Meteorology)

POPOGRAPHY OF THE REGION OF THE BOW RIVER IRAINAGE BASIN,
1895, Pt, III,, pp. 84-87.

TOPOGRAPHY OF THE SEMI-ARID REGION,
1895. Pt. III.| PP- 6"7!
(See also: Surveys, topographical)

UTTIIZATION OF WATER,
(See: Licensmes, water, cancellation of, for non-use of water,)

VAIUE OF WATER F(R IRRIGATION,
(See: Analysis of water.)

WATER POWER.
(See; Powsr, water; Water-power development.)

WATER.POWER ERANCH, (RGANIZATICN OF,
1912, p. x1i,
1912' Pt. I.' PP. 210"'211._

WATERWPOWER ‘BRANCH, REP(RT OF,
1912, Pt. I., pp. 219-220
WATIR-POWER DEVELOPMENT,
1912, Pt. I., pp. 212-21%,

WATER SUPFLY,
(See: Hydrography.)

WEATHER ,
(See: Climate; Meteorology.)

WBHATHER STATIONS,
(See: Meteorclogical stations,)

YIELDS ON TRRIGATED LAND,
(See: Irrigation operations and reslts,)
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Index to Important Water Bodies

BOW RIVER,
1895' Pt- II;., PP- 69-?10

BOW RIVER CANAL., |
1896, Pt. III,, p, 10, pp., 54-62.
1897, Pt, 1iI., p. 12.
I, 1902, pp. 117~118.

BOW RIVER SYSTEM
1912’ Pt._I...w- PP. 216-2191

CYPRESS IAKE,
1899! P..b- VII.' PP. 8"'90

MIIK RIVER, L
1895, Pt, III,, p, 116,
1910, Pt, VII,, p. 12.
1911' Pt. VII.. . ppo 116-1180
1912, Pt, VI,, p. 20,

MIIK RIVER CANAL,
I, 1902, pp, 120-122,

RED DEER RIVER.
1895, Pt. III,, pp, 64-65, 66-67,

RED DEER RIVEB. CANAL
1896! Pt III,. Ppﬂ 37—'39-
1897, Pt, III., p. 13, pp. 43-46,
I, 1902, pp, 118-120

ST. MARY RIVER.
1910, Pt, VII., p. 12.
1911, Pt. VII., w. pp. 116-118,
1512, Pt, VI., p. 20,

ST, MARY RIVER CANAL,
1896, Pt, 111,, D, 10, pp. 4754,
1897. Pt- III."p. 12.
1899, Pt, VII,, p, 6,
I, 1902, p. 117.

SASKATCHEWAN RIVER, CANAL.
1896, Pt, III., pp, 39-40,

SOUTH SASKATCHEWAN RIVER, CANWAL, PROPOSED,
1897, Pt. IIi., pp. bl-43,
1912, Pt. Vi., pp. 220-227.

WATERTON LAKES,
1899, Pt, VII,, p. 6.
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III, _CONTRACTED TABLE OF CONTENTS OF DEPARTMENT OF THE INTERICR PUBLICATIONS

A, Re g Irrisation (P VII, of the Anmal Report of ¢ rtmen
of the Interior),

For the Year 1913,

Report of the Superintendent of Irrigation., pp. 712,
Report of the Commigsioner of Irrigation., pp, W-18,
South Saskatchewan River Diver:ion Project :~-
Report by R,J, Burley. pr. 52-—88
Report by T.M. Montague, pp. 88-90,
Report by B, Ruswell, pp, 90-91,
Belly-St, Mary River Diversion Project:-
Report by B, Russell, pp., 105-11%.
North Saskatchewan Rive. Drainzze-Basin--Floods in, pp. 161-163.

For the Year 19014,

Report of the Superintendent of Irrigation, pp, 9-17.
Report of the Commissioner of Irrigation, pp. 18-29,
Report of B, Rusgell oni-
(1) The Scuth Saskatchewan Water Supply Diversion Project. pp. 114-122,
(2) The Cypress Hills Reservoir Surveys, pp. 122126,
(3) The Oldman River Diversion Project, pp. 126-128,
South Saskatchewan Water Supply Diversion Project. pp. 129-149,
Cypress Hille Regervoir Surveys—
Report of N,M. Sutherland. pp. 149-165.
Oldman Biver Diversion Projecte—
Report of V., Meek, pp. 168-180,

For the Year 1915.

Report of the Superintendent of Irrigation, ﬁp. 5-16,
Report of the Commisaioner of Irrigation, pp. 17-22,

B, Reports on Irrigation Surveys and Inspections,
For the Year 1915-16,

Report of the Superintendent of Irrigation, pp. 7-20.
Report of the Commissioner of Irrigation, pp., 20-27,
Cypress Hills Irrigation District (Eastern Section) Report of
M H, French, pp. 57-59. .

Western Maple Creek District.

Report of H,R, Carscallen. pp. 60-62.
Calgary Irriga.tion District.

Report of R, H. Goodchild, pp. 62-63.
Report of B, Bussell, chief Field Inspector. pp. £9-79,
Lethbridge Northern Irrigation Project.

Report of V. Meek, pp. 79-82.



For the Year 1916-17,

Report of the Superintendent of Irrigatien, pp., 7-15,
Report of the Commisaioner of Irrigation. pp. 15-74.
Iarge Irrigation Projects. p. 19ff,

For the Year 1917-18.

Report of the Superintendent of Irrigation. pp. 7-13.
Report of the Commissioner of Irrigation, pp. 13-43.
Cypress - dills Irrigation District, North, pp. 16-17,
Cypress Hills Irrigation District, Sauth. p, 17.
Cypreas Hills Irrigation Digtrict, East, pp. 17-19.
Cypress Hills Irrigation District, West, pp., 19-22.
Macleod Irrigation District. p. 22,
Special Inspections, p. 22.
Iarge Irrigation Projects, p. 30.

For the Year 1918-19, .. .
Report of the Director of the Reclamation Services. pp. 7-12.
Report of the Commissioner of Irrigation, pp. 13-63.
large Irrigation Projects. pp. 24-38,

C. Anmal Reports of the Reclamation Servige.

For the Year 1919-20,

Report of the Director of the Reclamation Service, pp. 7-11,

Report of the Commissioner of Irrigation. pp. 12-66.
Field Work. pp. 17-28.

Manicipal Water Consumption Data, pp. 28-32,

Report of the Chief Engineer of the Drainage Division, pp. 66-80.
Projects Investigated. pp, 67-79.
Manitoba. pp., 6768,
Saskatchewan pp, 69-73,
Al.bertao EP. B“??n . . .
Private Drainage Projects. pp. 78=79.
Provincial Drainage Projects, p. 79.

lfg;g the Year 1920-21,

Report of the Director of the Heclamation Servige. pp. 1-7.
Report of V. Meek, B,Sc., Irrigation., pp. 7-65.

Report of H,R, Cram, B,Sc,, Drainage, pp., 65-89.

Alberta Pro:}oct'- _PP. .66"810 .

Saskatchewan Projects. pp., 82-87,

Manitoba Projects. pp. 87-89.

For the Year 1921-22,

Report of the Director, pp. 1-8.

Report of V, Meek,, A.M.B,I,C, — Irrigation, pp. 8-91.
Surveys, pr. 37-64, ,

Report of J.,5, Tempest, M,B.I.,0. =~ Dralnage. pp. 91-10C2,
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For the Year 1022=23,

Report of tha Director. PP., ?—-12
Report of V., Meek, A M,E,I.G, — Irrigation. PP, 12-89.
Report of J.S, Tempe:t M.E.T.0., — Drainage. pp. 89-9%.

D,

Carrot Biver Triangle Drainage Project. ppr. 92-93.

Beporta of th inien Water Po Branch (for the Years 1912-13,

1913=14, and 1914-15, being Part VIII, of the Annual Beport of the
Department of the Interior.)

For the Year 19i2-13.

Report of the Superintendent of ':Fa.te;- Powers, pp. 1=5.
Report of Small Water Powers., pp.6=9,

Begport of the Hydraulic Engineer, pp. 9-43.

Power Surveys:

Grand Rapids on Sa.lkatch.ewan pp. 12-13,

Somthsrn Mapitgba. P 13.

Bow River, p., 13.

Eivow River, p. 13.

Grand Rapids on Athabaska. p. 14.

Power Applications reported on dy Mr, Hendry, p, 14,
Surveys recommended, p, 14,

South Saskatchewan Water Supply Diversion Project. pp. 35-36.
Reclamation:

Pitt Meadows Reclamation, pp. 36-37,

The Rannie Project. pp. 37-38.

The Bauthier Reclamation Project. p. 38.
Sumas Dyking Project. pp. 4041,

Columbia Valley Reclamation, pp, 41-42,
Pasquia Reclamation Investigations, p. 42.

Rgport of Chief Engineer, Manitoba Hydrographic Survey. pp. 50-63,
Grand Rapids-Saskatchewan River Investigation., p. 56.
Miscellaneous Power Reports and Investigations. p. 60.

Reconnaissance of the Saskatchewan River near Elbow for Water Power

for vse in connection with South Saskatchewan water supply diversion
project, p. 60,

Report of Chief Engineer of Bow River Power and Storage Surveys. pp. 63-80,
Report of Engineer in Charge of Pasquia Reclamation Project, pp. 101-130,

For the Year 1913-ilL,.

I,
v,

Report of the Superintendent of Water Power. pp., 3-6.

Report of J.T. Johnston, Hydraulic Engineer, Covering General
Field Work,

Power and Storage Surveys. pp. 32-36.

Manitoba. pp, 32—33,

Alverta. p. 33,

Saskatchewan, p, 33.

Bow River. pp. 33-35.

Recommendations for future work, pp. 35-36.
Reclamation, pp. 40-42,

Pasquis Reclamation Project. pp. 40-42,
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XVI, Water Resources Paper No, 11,
Final Report on the Pasguis Reclamation Pro,ject by T.H, Dunn.
¢c.B.,, 0.L S.,.Chier Engineer of Reclamation, pp. 239-270.

For the Year 1914-15,

¥o. 1. Report of the Superintendent, pp. 15-20.
No. 4. Power and Storage Investigations. pp. 39-42,
Manitoba, pp, 39-40.
Alberta and Saskatchewan, pp. 40-41.
Reclamation. p. 42.
Recommendations for future work. p., 42,
¥o, 9., Report on the Alberta and Saskatchewan Power and Storage Survey
Investigations. pp;i 129-145.
¥o. 11, Report of Recla.mation Engineer. PP. 155=174,
Carrot River Project Pp. 155-159. .
Recommendations,
Carrot River Reclamation, p. 173.

Yor the Year 1915-16.

No. 1, Report of the Superintendent of Water Power, Pr. 3-18,
No. 6, Report of the Chief Hydraulic Engineer, pp. 61-71,
Power and Storage Surveys, pp. 64-67, .
Manitoba, pp. 64-65,
Grand Rapids on the Saskatchewan River, p. 65.
Alberta and Saskatchewan, p. 66,
Recommendations for future work. pp. 66-67.
Ko, 9., Report on the Alberta and Saskatchewan Power and Storage Survey
Investigations, pp. 105-118,
No, 94, Report on the Power Poui‘bil:lties of Bow l"a.lls on Bow River
and in the town of Banff, Al’berta, pp. 121-132.
¥o, 11. Report of Reclamation. pp. 153-171.
Carrot River Project. pp. 153-163,

For the Year 1916-17.

No; l: Report of the Superintendent of Water Power. pp. 3-10,

No. 4, Report of the Chief Hydramlic Engineer. PP. 37-46 4 4 mpa,
Power and Storage Surveys. pp. 39-41.
Reclamation. pp. 42-43.

No, 7, Report on the Alberta and Saskatchewan Power amd Storage
Investigations. pp. 79-85.

No. 9. Report on Reclamation, pp. 99-106.

For the Years 1917-18 and 1918-19.

No, 1, Report of the Director. pp. 7-11,
Water Powsr Regulations and Legal Resea.rch pp. 9-10.
Yo. 2. Report of the Assistant Director. PP, 12-22,
_Poyer and Storage Surveys. pp. 1l4-15,
"Dominion Ianis Surveys and Reclamation., p. 16.
No. 9. Report on Water Powers of the Pralrie Provinces. Dpp. 47-60,



For the Year 191920,

Part I,

Dominion Water Power and Storage Surveys. pp. 20-21.
Part 1T,

Anma.l Report, District of Manitoba, pp. 30-36,

For the Year 1920-21,

Part 1, Scops of Activities.,
Water Power Resaurces of Camada, pp. 12-17.
The Central Electric Station Industry in Canada, PP- 22-26,
Dominion Water Power and _Storage Survey. pp. 27-29.
Part 2, Field Reports,
Alberta and Saskatchewan, pp. 42-55.
Manitoba, pp. 56-60,

For the Year 1921-22,

Part 1, Scope of Actlvities, pp, 9-50,_
Part 2. TField Reports, :
Alberta and Saskatchewan, pp. 61=76.
Manitoba, pp. 76-82,

the Year 2-213,

Part 1, Scope of Activities,
Water Power Resources of Canada, pp. ‘11-18.°
Power and Storage Investiga.tiona. Y. 3132,
Flooded Land Surveys, PP, 32-33.

Part 2, Fleld Reports,
Alberta and Saskatchewan, pp. 45-51.
Manitoba, pp. 51=-58.

Anmal Reports of the Dominion Water Power and Reclamation Service,
For the Year 1923-24,

Part 1, Introductory,
Organization, )
Water-Power, pp, 11-12,
Irrigation. pp. 12-13.
Drainage. p. I_LB.
Part 11, VWater Pover.
(a) Head Office.
V¥ater-Power Rescarces of Camada, pp. 19-25, .
Water-Power in the Central Electric¢c Station Indzstry, pp. 25-30,
Water-Power in the Pulp and Paper Indnstry. PP. 3034,
Water~Power in the Mining Industry, pp. 40-45,
(b) Pield Reports.
District of Alberta and Saskatchewan. pp. 51-56.
District of Manitoba, pp. 57-61.
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Part ITI, Reclamation,
Irrigation Surveys a.nd Inspections. Pr. 71-83.
Irrigation Projects, pp. 83-89,
Proposed Irrigation Districts, pp. 90-102.
Surveys., pp. 103-107,.,
Report on Drainage Surveys and Investigations for the year ended
March 31, 1924, pp. 127-131,

For the Year 1924-25,

Part I. Water Power
(a) Head Office. pp. 7-21.
(b) TField Reports. pp. 21-40,
Digtrict of Alberta and Saskatchewan. pp. 26-30.
District of Ma.nito'ba. PP. 30=34,
Part II. Recla.ma.tion,
Irrigation. py. 41-77.
S'tlmys. PP. 51"53-
Operating Irrigation Projects, pp, 53-62
Organized Irrigation Digtricts, pp. 62-63.
Proposed Irrigation Districts, pp. €3-64,
Drainage. pp. 77-82.

For the Year 1925-26.

Fart I, o
Water-Power., pp. 8-22,
Fleld Reports. pp. 22-46,
District of Alberta and Saskatchewan, pp. 26-32,
Part 1I.
Reclamatlion, .
Irrigation, p, 47ff.
Irrigation Projects. pp. 58-69. )
Alkali Test Plots at Maple Creek, Saskatchewan. p. 69.
Farm Demonstration and Extension Work, 1925. pp. 78-81,
Tables showing Meteorclogical Records obtained at Ronalane,
Venxhall, Coaldale, Brooks and Strathmore for the period
1915-25. pp. 79-81.
Report on Drainage Surveys and Investigatione. pp. 81-83,

For the Year 1926-27.

Introdnctory, pp, 5-6.
Part 11. Water-power, pr. 9-23.
Fleld Reports.
Digtrict of Alberta and Saskatchewan, pp. 29-35,
District of Manitgba. pp. 36-39.
Part III, Reciamation
Irrigation, p. 48,.fF.
Major Irrigation Projects, pp. 51-63.
Irrigation Projects not yet in operation, pp. 63-65._
Alkali Test Plots at Ma.ple Creek, Sa.ska.tchewan, P. 65.
Brooks "Duty of Water® Exper:lment Station. pp. 66=70,
Drainage Surveys and Investigations, pp., 85-87.
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For the Year 1927-28,

Introductory. PPe 5-6,
Part II, Water-power, pp. 10-26,
Field Reports.
Digtrict of Alberta and Saskatchewan, pp. 32-38,
District of Manitoba, pr. 38-43.
Part 111, Reclamation,
Irrigation., p. 53ff.
Major Irrigation Projects, pp. 62-71.
Irrigation Projects not yet in operatiom, p. ?2.
Alkall Teat Plots at Ma.ple Creek, Sa.ska.tcheuan. PY. ?2-75.
Brooks, "Duty of Water" Experiment Sta.tion. PP. 75-98.
Drainage Surveys and Investigations, pp. 98-101.

For the Year 1928-29.

Introdnctory. pp, 7-8.
Part 1I. Water-power. pp. 13-52.
Fleld Reports.
District of Alberta and Saskatchewan. pp. 57-63.
District of Manitoba. pp. 63-70.
Part ITI, Reclamation
Irriga.tion; p. 79ff.
Major Irrigation Projects. pp. 88-97,
Irrigation Projects not yet in operation. p. 98.
Alkeli Test Plots at Maple Creek, Saskatchewan. pp. 98-100.
Brooks, "Duty of Water" Experiment Station. p, 101,
Investigations. pp. 102-108,
Time of Irrigation md Use of Water, p. 102, .
Irpigation of Soil Improvement Crops, p. 105.
Drainage Surveys and Investigations, pp. 131-133.
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Injex %o the Contragcted Table of
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BELLY-ST. MMY'RIVE DIVERSION FROJECT,
I, 1913, pp. 105-117.

BOW RIVER POWER AND STCRAGE SURVEYS,
W, 1912-13, pp. 63-80.

BOW RIVER, POWER POSSIBILITIES,
¥, 1915-16, pp. 121-132,

BURELY, R.J., ON SOUTH SASKATCHEWAN RIVER DIVERSION FROJECT.
I, 1913, pp. 52-88.

CALGARY IRRIGATION DISTRICT.
I' 1915"16. PP- 62"63-

CARROT RIVER IRATNAGE PROJECT.
R, 1922-23, pp. 92-93.
Wo 1915-16' PP. 153-1630

CARSCALLEN, H,R,, ON WESTERN MAPIE CREEX DISTRICT,
I' 1915""16. ppo 60-62'

CENTRAL EIECTRIC STATION INDUSTRY IN CANADA,
W, 1920"'21. ppo 22"261

CONSUMPTION OF WATER, MUWIGIPAL, DATA ON.
R, 1919-20, pp. 28-32,

CYPRESS HILLS IRRIGATION DISTRICT.

I. 1915"'16l PP. 5?_590
I. 1917"18’ PP. 16-22.

CYIRESS HILIS RESERVOIR SURVEYS.
I, 1914, pp. 122-126, 149-165,

DISTRICTS, IRRIGATICN, .
(See: Calgary Irrigation District; Cypress Hills Irrigation Disgtrict;
Irrigation districts, proposed.)

DIVERSION OF WATER,
(See: TNames of specific projects, as listed under 'Projects'.).

DRAINAGE, ] ,
R. 1919-20’ pP- 66"80-
R, 1920-21, pp. 65-89.

(See also: Reclamation; Report on drainage; Surveys and investigations,
drainage,)
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TRAINAGE FROJECTS,
(See: Carrot River drainage project; Pasquia reclamation project.)

EXPERIMENTS IN IRRIGATION.
WR, 1928-29, pp. 102-108,

FLOODS ,
(See: Surveys, flooded-land,)

FLOODS IN NCRTH SASKATCHEWAN RIVER IRATINAGE BASIN,
I, 1913, pp. 161-163.

PART MACLE(D,
(See: Macleod.)

FRENCH, M ,H,, ON ¢ YPRESS HILIS IRRIGATION DISEIGT. EASTERN SECTICON,
I, 1915-16, pp. 57-59.

GRAND RAPIDS~SASKATCHEWAN RIVER INVESTIGATIONS.
“’ 1912"13, P- 56.o

HYDRCGEILECTRIC POWER,
(See: Central electric station industry; Power, water.)

INVESTIGATIONS.,
(See: Surveys.)

IRBIGATION,
¥R, 1925-26, p, L7 ff
wR, 1926-27, p, 48 ff
¥R, 1927-28, p. 53 ff
HR 1928-29, p. 79 ff,
(See also: Experiments in irriga.t:lon. Reclamation; Report on irrigation;
Surveys, irrigation.)

IRRIGATION DISTRICTS,
(See: Calgary Irrigation Digtrict; Cypress Hills irrigation Diatrict.)

IRRIGATION DISTRIGTS PROPCSED
WR, 1923-24, pD. 90-102
HR,, 1924-25, pp. 63-6k.

IRRIGATION PROJECTS, )
WR, 1923-24, pp, 83-89,
WR, 1924-25, pp. 53-62.
WR, 1925-26, pp. 58-69.

IRRIGATION PROJEGTS, LARGE,
I, 1916-17, p. 19 ff,
I, 19i7-18, p. 30.
I 118-19, Pp. 2438,
'!‘R 1926-27, PP, 51-63,
wRo 192?"’28. PP 62-71_n
mo 1928"’299 PP. 88"’97-
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LEGAL RESEARCH ARD WATRR-POWIR REGULATIONS,

LETHERIDGE NORTHFRN IRRIGATION PROJECT.
I, 1915-16, pp. 79-82.

MACLEOD IRRIGATION DISTRICY,
I, 191718, p. 22.

MAPLE CREEK DISTRICT, WESTERN SECTICH,
I, 1915-16, pp. 60-62,

MEEK, V,, ON IRRIGATION,
R, 1920-21, pp, 7-65..
R, 1921-22, pp. 8-91.
R, 1922-23, pp. 12-89.

' MEEX, V., ON OLDMAN RIVER DIVERSION FROJECT,
I' 19‘-"1. PP- 168-180.

MONTAGUE, T.M., ON SOUTH SASKATCHEWAN RIVER DIVERSION PROJECT.
I’ 191 » p‘P‘. 88‘90-
I, 1914, pp. 129-147,

MUNICIPAL WATER CONSUMPTION,
(See: Consumption of water, mnicipal.}

FORTH SASKATCHEWAN RIVER DRAINAGE BASIN, ¥LOODS IN,
(See: Floods .’m -ot)

OIDMAN RIVER DIVERSION PROJECT.
I, 1914, pp. 126-128, 168-180.

PASQUIA RECLAMATIGN PROJEC®, FINAL REPIRT ON,
¥, 1913-1k4, pp. 239-270.

PASQUIA BECLAMATION FROJECT, REPCRT OF ENGINEIR IN CHARGE,
W, 1912-13, pp. 101-130,

POWER, WATER, , ,
WR, 1926-27, pp, 9-23,.
WR, 1927-28, pp, 10-26.
WR, 1928-29, pp. 13-52.
(See also: Regources, water-power; Small water powers; Surveys,
power; Surveys, power and storage; Oentral electric station
industry.).

POWER, WATER, BOW RIVER, POSSIBILIPIES
W, 1915-16, pr. 121-132,

POWER, WATER, IN THE CENTRAL EIECTRIC STATION INDUSTRY,
W, 1%3-24, pp. 25-30.
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POWER, WATER, IN THE MINIRG IFDUSTRY,
WR, 1923=-24, pp. 40-45,

POWER, WATER, OF THE FRATRIE PROVINCES.
W, 1917-18. and 1918-19, pp. 4?7-60.

PROJECTS, WATER-DEVELOPMENT,

(See: Belly-St., Mary River diveraion project; Carrot River drainage
project; Irrigation projJects; ILethbridge Northeran
Irrigation Project; Pasquia Reclamation project; South
Saskatchewan River Diversion project; Oldman River diversion
project, )

RECLAMATION,

W, 1512-13, PP? 36-43, .

w 1914-15, pp, 155-174%, p. 42.

w 1915-16, ppr. 153-171. .

W 1916-17, Pp. 42-43, pp. 99-106,

w 1917-18 and 1918-19, p. 6.

(See also: Draimage; Irrigation; Report on draimage; Report on
irrigation; Surveys and investigations, drainage; Surveys,
Irrigation,)

REPGRT OF THE COMMISSIONER OF IRRIGATION,
I, 1913, pp, 14-18,
I, 191%, pp. 18-29,
I, 1915, pp. 17-22,
I, 1915-16, PP, 20-2?,
I, 1916-17, PP 15-74,
I, 1917-18, pp, 13-43.
I, 19i8-19, pp. 13-63.
R, 1919-20, pp. 12-66. _
(See alss: Report on irrigation,)

REPCRT OF THE DIRECTCR 03' THE REGCILAMATICON SERVICE,
I, 1918-19, PP; 7—1?9
R, 1919-20, pp, 7-1l.
» 1920-21, PP, 1-7.,
R, 192122, pp. 1=8.
? _1922“23! PP. 7"120

REP(RT (F TEE DIRECTOR OF THE WATIR POWER BRANCH,
w,, 1917-18 .and 1918-19’ Pp. 7-11.

REPCRT OF THE SUPERINTENDENT OF IHRIGAPICH,

I, 1913, pp, 7-12,

I 19140 Ppn 9""1?-

I, 1915, pp. 5-16

I 1915-16, pp. ?--20

1 1916-17, pp. 7-15.

Ia 1917-18, pp. 7-13.

(See also: Report of the Director of the Reclamation Service,)
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REP(RT OF THE SUPERINTENDENT OF WATER POWIR,
W, 1912-13, pp, 1-5. |
w. 1913-14' Ppt 3-60_
¥, 1914-15, pp, 15-20,
W, 1915-16, pp. 3-18.
W, 1916-17, pp. 3-10.
(See also: Report of the Director of the Water Power Branch. )

REPRT ON DRATNAGE,
R, 1919-20, pp, 6680,
R, 1920-21, pp, 65-89,
R, 1921-22, pp. 91-102,
R, 1922-23, pp. 89-94,
(See also: Drainage; Reclamation,)

REPRT ON IRRIGATION,
R, 1920-21, pp, 7=65. .
R. 1921"'22' PP. 8—91-
R, 1922-23, pr. 12-89, _
(See also: Irrigation: Surveys, irrigation,)

RESIRVOIRS,
(See: Surveys, power and storage; Surveys, reservoir.)

RESOURCES, WATER~-POWER, OF CANADA.
W, 1920-21, pp. 12-17,
¥, 1922.23, pp, 11-18.
WR, 1923-24, pp. 19-25.

RUSSELL, B., ON BELLY-ST. MARY RIVER DIVERSION FROJECT,
I, 1913, pr. 105-117.

RUSSELL, B,, ON CYPRESS HILIS RESERVOIR SURVEYS,
Iy 1914, pp. 122-126,

RUSSELL, B., ON OILDMAN RIVER DIVERSICN FROJECT.
I, 1914, pp. 126-128,

RUSSELL, B., ON SGJTH-S.QSKATCEEHAN RIVER DIVERSION PROJECT,

I, 1913, pp. 90-91.
I, 1914, pp. 116-122,

ST MARY RIVER DIVERSION FROJECT,
(See: Belly-St. Mary River diversion project.)

SASKATCHEWAN RIVER INVESTIGATIONS,
(See: Grand Rapids-Saskatchewan River investigations, )

SMALL WATIR POWERS,
W, 1912-13, pp. 6~9.

SOUTH SASKATGHEWAN RIVER DIVERSION FROJECT,
I, 1913, pr. 52-91. . _
¥, 1912-13, pp. 35-36, p. 60 (water power for use in comnection with the project.)
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STCRAGE OF WATER.
(See: Surveys, power and storags,)

SURTEYS,
¥R, 1923-24, pp, 103-107,

SURVEYS AND INVESTIGATIONS, DRATNAGE,
» 1923-24, pp. 127-131,

o 1924-25, vp. 77-82.

1925-26, pp. 81-83.

» 1926-27, pp. 85-87.

s 1927-28, pp, 98-101,

» 1928-29, pp. 131-133,

SURVEYS, FI1OODFD-LAKD
W, 1922-23, pp. 32-33.

SURVEYS, IRRIGATION,
WR, 1923-24, pp. 71-83.
WR, 1924-~25, pp. 51-93.

<>
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SURVEYS, POWIR,
W, 1912-13, pp. 12-1%4,

SURVEYS, POWER AND STRAGE,

1912-13, pp. 63-80 (Bow River).

1913-14, pp, 32-36.

191%-15, pp, 39-42, 129-145 (Alberta)..

1915-16, pp. 64—65. 105-118 (Alberta and Saskatchewan).
1916-17, pp, 39-41, 79-85 (Alberta and Saskatchewan).
1917-18 and 1918-19 pp. 14-15.

1919-20, pp, 20-21,

1920-21, pp. 27-29,

1922=525, PP. 3132,

L
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SURVEYS, RESERVOIR, IN CYPRESS HILIS,
I, 1934, pp. 122-126, 149-165,

QUTHIRIAND ) M., ON CYPRESS HILLS RESEROVIR SURVEYS
191’4‘0 PP- 149-16':.

TECENIQUES, IRRIGATION,
(See: Experiments in iyrigatien,)

TEMFEST, J.S,, OF DRATNAGE, -
R, 1921-22, pp. 91-102,
Ri 1922-23, pp. 89-94.

UTILIZATION OF WATER, MUNICIPAL
(Sae¢: Consumption of water, municipal,)
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IV, PARTIAL TABLE OF CONTENTS OF THE TPEARCE PAPERS

Section 13. Irrigation,
Eespecially:
(Sub) section C. Enterprises for the Development of Irrigation,

Section 15, Miscellansaus,
Only:
File No, 59. Canalization of the North Saskatchewan River,

Seection 17. Natural Resources Other Than Agriculture, Coal, Coke, Gas,
0il and Petroleum,
Only: . .

File No, 15, Hydro-Electric Possibilities in the Bow River.

File No, 35, Spray lakes Storage.

File No, 36, Spray lakes Storage.

Pile No, 39. Water Power of the Bow River,

Pile No, 42, Water Power, Re the Incorporation of Elbow River
. , Water Power Company. .

File Fo. 43, Water Power. Re Upper Elbow River,

File Fo, W4, Water Power on the Winnipeg River,

Section 19, Of Direct Historlcal Interest.
Especially or only:
File Fo, 10, History of Surveys in the Province of Alberta.



