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PRAIRIE PROVINCES WATER BOARD

Regina, Saskatchewan,
Novamber, 1964,

Members,
Prairie Provinces Water Board.

I am pleased to present for your consideration the attached report on the
distribution and variability of runoff in Alberta, Saskatchewan, and
Manitoba. This study arose from a P.P,H.B. request in minute 13-11 {(Oct-~
ober 1955) -

"Wr. Clark suggested ths Secretariat might umdertake n compila~
tion of available hydrometric data leeding to =& report, or re—
ports, containing estimated yields of water availsble at all
points (involving estimation of missing records, celeulation of
meang for stendard periods, ste.).

Many technical difficultiss ware encountered in launching the study but in
1959 compilation end reconatruction of basic hydrometric data were begun,
Eventually, compilation of recorded and estimated monthly digcharge data
were assembled for 230 hydrometric stations. These tabulations have gl-
ready been preaented to the Board a8 an lnterim report entitled, "Compila-
tion of Runoff Records for the Canadien Prairieg.”

This finel report represents a three-part analysis of that compilation to
determine the magnitude of the mean annual runoff, to determine ths recur-
rence probability of low runoff years, and to study the nature of low
runoff porsisgtence in various regions. As explained in the report, the
results are approximate because of the limited emount of data availablae,
However, it is suggegted that the figures ars sufficiently accurate for
uge in preliminary water resources planning. :

The study was begun by Mr. V. Stichling who has since Joined the ataff of
the Waeter Resources Branch, It was under his supervision that most of
the streamflow compilations and correlations wers ocompleted.

Mr. ¥W,G. Salway continued the atudy and supervised the runoff analysis
Phase,

Bagic data were furnished by the Water Resources Branch, Department of
Northern Affairs and Netional Resourcea, and by the Meteorological Branch,
Department of Transport. Compilation, analysis, and the writing and as-
gembling of the report were undertaken by the P.F.R.A. Hydrology Divigion.

Yours very truly,

- : it
A N g
ANy RN Za
E.F. Durrent, Engineering Secretary,
Prairie Province Weter Board.
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THE DISTRIBUTTON AND VARI ABILITY

OF RUNOFF

IN ALBERTA, SASKATCHEWAN AND MANI TOBA

L.

SYNOPSIS

This paper gets forth the findings of an investigation
of surface water runoff in the Prairie Provinces of Cenadsa.
Its distribution is considered in temms of median annusl run-
off values from which & water ¥ield map has been Prepared.
The varisbility of runoff, as determined by the analysis of
frequency curves and mass curvesa, is also considered and is
illustrated by a geries of graphs, In addition, & descrip-
tion is given of several techniques, for inmproving runoff ss-
timates, which were tested without success. ‘Suggestions are

made for the refinement of an investigation of this kind when
better data are avaeilable,

1,
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II.

INTRODUCTLON

Increaging demands for water are stimulating interest in the dev-
elopment possibilitieg of smaller streams. Although many amall gtreams
are geuged, it will bs several decades, or even centuries, before actual
streamflow measurementsg are availeble for all of our gtreams. Meanwhile
it is essential that &cod and conaistent estimates be made of the avail-
able water supply in theas ungauged watersheds. The information is
nesded for administration, particularly for interprovineial adminigtrae-
tion, and for Plenning and design,

' Recognizing this need, the Prairie Provinces Water Boar&i/ roquaated
the Prairie Farm Rehabilitation Administration?/ to undertake a8 compre—
hengive runoff gtudy for the prairie ares and the eaatern slopes of the
Rocky Xountaina., The gtudy was assigned to the FFRA Hydrology Division
and wes begun in 1958. At thisg point acknowledgement should be made of
the work of V. Stichlingﬁ? whe supervised most of the data compilation
and reconstruction before leaving the Hydrology Division in June 1961,

It is hoped thet thisg study provides a sound basig for estimating
the median annual runoff available for smaller atreams on the Preiries,
and its variability from place to place. "Smaller streams," for the pur-
pogea of thia paper, are those which drain watersheds of from 30 to 2000
8quare miles, The paper has little epplication to watersheds vhich do
not fall within these limits.

Further, the procedurss outlined in this baper should not be used
indiscriminately. Inaccuracies have been introduced by the hecesgity
of using correlated data, by the analysisg of only a few of the many
factors which contribute to runoff, and by the generalizations nscessary
in preparing a broad Picture af runoff patterns. Within 10 or 20 vears
the authors feel that completion of present topographic Mapping programg,
additional streamflow ang precipitation records, further soil Burveys,
new methods of observing prairie snowfall, sete., will rermit a much im-
proved study of runoff and its causative factors. Runoff estimates
brovided by this paper repregent a significant improvement over our pagt
understanding of available water supplies on the Prairies, but they
should be eriticized and medified as new data be-ome availabls,

EV Canada - Department of Agriecultyre,

¥ Sedimentation Engineer, Water Resources,
Canada Department of Northern Affairs and Netional Resources, Ottaws.
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A section on runoff variability follows in which the mess curve apd fre-
quency curve approaches are considered., The application of the results of
the investigation to water supply and storage problems 1g then deseribed.
Finally in the sumary, the results sre roviewed and suggeations are made
for future studies of this kind,

It is impossible to acknowlsdge all the sources of informetion and
l1deas used in the furtherance of thig investigation, hence the ligt of
roforences given at the end is not exhaustive,
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DESCRIFTION OF AREA INVESTIGATED

Several thousand years ago, the Prairie Provinces were covered by
8 thick ice sheet except for the Rocky Mountaing on the Wesgt and the
Cypress Hills near the southwest edge of the ares (1}, Witk the excep-
tion of the Pembina éscarpment, the Missouri Coteau and the Cypress Hillg,
most of the topographic relisf is provided by moraine depogits, The
several advences and retreats of the lce shests covered the area with
hundreds of fest of till with a high clay content. Some of the features
of this till plain of intersst to hydrologists ero:~

(a) thousands of small closed basins where fragnents of
ice melted, permitting subgidence;

(b} a relatively impermeable sub~sgoil;
(¢) moderate slopes;

{d) oxtremeo variability in surface goils - from lacugtrine
clays to wind deposited sends in a few miles;

and (8) rich agricultural aoils.

Most of the difficultiss encountered in atudying the hydrology of
the area are related to the above pointg, particularly the difficulty
of determining drainage area (2}. &ince annual evaporation execeeds
precipitation by various amounts throughout the area, therse are nany
closed basins which never overflow; others overflow rarely, some frequently
end the remsinder always. One sstimate {3) suggests that runoff from
two-thirds of the prairie area terminates in cleosed basins.

Annual precipitation is at & minimum of 11 inches at about 1040
longitude {the Alberta-Seskatchewsn boundary) and between 4L9© ang 520
latitude. It incremges to the east, west ang north, reaching better
than 22 inches at the eastorn boundery of Menitoba, rising to an estim-
ated 70 inches in the higher parts of the Rocky Mountains, end 16 inches
near latitude 55° at the northern fringe of the prairie area.

On the open prairies, about 25% of the apnval precipitation fallg
88 snow, but more than 75% of the ennual runoff ig derived from snow melt
in the epring. At this time of year, frost inhibits infiltration and
improves the runof? opportunity. Parts of Alberta and Saskeatchewanr ex-
rerience drastic reductions in snow cover in winter months due to warm
dry Chinook Winds. The roasultant snow melt is absorbed by the soil and
subsequently evaporated. Frequently this will eliminate snow-mels
runoff completely. The Chinook Winds then, are a factor in runoff vari-
Sbilityo
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Precipitation in eastern Alberta, Ssskatchewan snd Manitoba is gub-
Jeet to the inter-amction of two large air masses: eold dry air from
the north and warm moist air from the south, As one air mass overrides
the other, storms are produced which usually cover broad areas with
variable precipitation. Orographic effects in the Rocky Mountains, the
Cypress Hills, and in the Riding Mountain Hills leasd to a locsl increage
in precipitation. A more variable Source of reinfall in summer resultas
from amall-thunderstorm activity due to heeting over land; this encoupr-
agee intense storms of limited extent and adds to the vaeriability of
precipitetion and runoff.

The mountein regions of Alberta are subject to the additional influy-
ence of Pacific air masses., In the higher mountein aresasg, thiag influencs
predominates and precipitation "spills-over" from the weatern slopes of
The Divide giving comparatively high runoff with low variability,
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PROCEDURE

The purpose of this investigation was to provide a quick and gatis-
factory means of agsessing runoff in terms of volume and variability at
any given location. To achisve this purpose, runoff volume wes congid-
ered in tems of median annual values and runoff variability was viewed
in the light of mess curve ang frequency ourve analyses,

A necsgsary preliminary to the examination of runeff volume and
variability was the compilation and reconstruction of streemflow data,
This part of the investigation hes been referrad to on page 2 and is
described in Chapter V.

Concerning runocff volume, it was decided to adopt the median annual
unit runoff as a measurs. The reasons for using the median rather than
the eritimetic mean are given on page 8. From the recorded and recon-
structed atreamflow date, graphical determinations were made of the median
annuel unit runoff for esch hydrometric station. These mmoffs were ex-
pressed in termms of acre-feet ber annum per gguare-mile of drainage area
and are given in Tsble 2. By plotting these runoffs on a map at the
runoff centroids of their Tespective basina, referencs points were ob-
tained for the interpoletion of runoff isopleths. For & number of the
many arees lacking stresmflow data, regicnal carrelations hetween average
annual preciplitation and median annueal unit runoff were used as an aid
to interpolation. The isopleths ere shown on the map, Fig. 1,

The problem of runoff variability was exemined by the analysis of
mass curves and frequency curves., In the mass curve anslysias, curves
were prepared from annusl runoff deta. From each of the mass curves,

8 storage versus relisble ¥ield curve was derived in which both vari-
ables wors expressed as bercentages of the medisn annual uwait runcff,
Comparison of these storage-yield curves revealed distinet regional
groupings, the curves 1in any one group being very similar, It was thus
passible to delineats storage-yield regions with each region having
1ts own composite curve. These regiong are shown ip the map, Fig. 2,
and the regional curves amre shown in Figs, /4 to 8 inclusive,

In the frequeney curve analysig, curves were brepared from annual
runoff data. The curves did not fall into groups so conveniently aa
the storage-yield curves and it wag not posaible to delineate many
regions, but 1t wes possible to discern three distinet groupinge having
"£lat," "moderate" and "steep" slopes. Thesme groupings are shown in
Fig. 9 and define the mountain, feothill and prairie reglons respectively
88 shown on the mep, Fig, 3. From the individual frequency curves, the
estimates of the 1:10 and 1:50 annual runoffs given in Table 2 were mede,

Severel other methods of analysis were tested without suecess, A4
discussion of these and a general discussion of the factors involved in
runoff will be found in Chapters V, VI and VII.
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HECONTRUCTION OF STREAMFION RECORDS

Streamflow measurements were begun in 1908 in Wegtern Canada but
moat of the long~term stetions were established in 1911 or shortly after-
ward. These records are gethered and published by the Water Resources
Branch of the Department of Northern Affairs and National Resources. The
period 1911 te 1956 was gselected for study because it was the longeast
continuous period for which racords were readily avaeilable when the gtudy
was begun in 1958, This was also the period used for a regional flood
frequency study (4) completed by the Hydrolozy Division in 1959,

Records were accepted for analysis: {a) if ten years or more of
recorda were available, and (b) if satiafactory correlative reletionships
to nearby long-term stations existed. Table 1 shows the periods of rscord
of the hydrometric stations used in the study,

For each station ths total monthly discharge was compiled for all
the months of record and the total annual discharge in acre-feet wes
computed for cemlender years, Hydrometric data are published and sum-
marized for "water years," i.e., 1 Oct.-30 Sept. Howsver, it was consid-
ered advisable to campile the data om the basig of talendsr years because
most preirie and mountain streams reach minimum flow around the end of
December and, in the case of preirie streams, most of the runoff due to
precipitation in the calendar Year has occurrsd by the sams date. Tihers
necessary, missing recorda were estimated by corrslating monthly runoff
values with those for nearby streams. No Tirm mathematicsl criteria were
eatablighed for accepting or rejecting these correlations, but generally
speaking, they were acceptable if the stendard error of estimate wea 20%
of the mean or less.

Where there were several stations in the same watershed, flows
were computed on a monthly and annual basig for the ineremental areas
between upstream sand downstream stations without allowance for time lag.

The compilations were prepared in a form suitaeble for ozslid dupli-~
cation and have proved extremely useful in themselves,
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VI.

REGIONAIL, RUNOFF VOLUME

WEDTAN ANKUAL RUNOFF

The median annual runcff was adopted as a useful messure of the
menner in which runoff volume varies throughout the ares of study. The
annual runoff for prairie streams is chaeracterized by a high degree of
veriability; hence the arithmetic mean annual runoff could sagily be
unduly influenced by a few flood years. To evoid thisg influence, the
median annual runoff (2-yesr return period) was computed. For reasons
of consistency, it was also computed for foothill and mountain streams
although in the case of the latter, the median sand arithmetic msan do
not differ appreciably.

For each hydrometric gtation two graphs were constructed:
an annual runoff duration curve, and an annual runoff frequeney curve
for the period 1911 to 1956, The first-mentioned graph provides a
greater separation of points in the median renge. In both cagses the
ordinate ugsed waes annual runoff in acre-feet. Esgtimated or reconstrueted
annual flows were used to pogition recorded valuss in the annual runoff
array. Different symbols were used for pletting the estimated and re-
corded data on the two graphs 50 that proper weight could be given to the
proebable accuracy of the points when fitting curves.

Drainage sreag were computed for all stations so that runoff could bae
caleulated on a per-square-mils basia. Stichling and Blackwell (2)
have shown the difficulties of precise drainage area determination on the
prairies. Following their suggestions, we computed the "dry" drain-
age areas (applicable to median annual runoff), the "wet™ drainage areas
{(applicable to 1:50 runoff) , end the gross drainage areas (applicavle to
the probable maximum flood) . Reproducible estimates of these three areas
can be made only if (&) uniform maps are svaileble for sll areas, and
{b} well-defined unifomm criteria are used to estimate how frequently a
glven area will contribute to runcff. For this gtudy, these conditiong
were not entirely satisfied but the results mey bs termed useful, and am
improvement over the assumption that drainage areas are fixed in tili-
mantled low-runoff areas. Dus to lack of suitable topographie information,
satisfactory delineeticn of "gross" drailnage areas could net be made fop
most of the hydrometrie stations; in Tableg 2 and 3 therefore, only "dry"
and "wet" areas have been given. In many instacces, the "gross" ares
is only slightly greater than the "wet.,"

The median-snnual unit runoff values obtained ag above, and given
in Table 2, were plotted on a map to observe the basie nature of run-
off variations acroas the three provinces, As could be expected,
runoff was high in the Rocky Mountains and low on the Prairies, However,
variations within these two broad hydrologic regions, could not be
satisfactorily explained by inserting fine scale regional boundaries
only or by attributing them to sampling errors inherent in s short period
{46-year) study. Further, there is a marked lack of hydrometric coverage
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for some parts of the Prairies and in order to extrapolate to and
interpolate aeross these arcas, some understending was needed of the
basic reasons for local runoff variations and a diseussion of the
factors affecting runoff ig given in Chapter 6(b).

Incremental runoffs for the incremental drainage aress bstwesn
gauging stations on the same stresm were also computed and are &lven in
Table 3, These Tigures however should be used with caution since, om
accoumnt of time-lag effects and variable corveyance losses, some anomalous
results were produced.

FACTORS AFFECTING RUNOFF

There is a long list of factors which can cause variations in run-
off., There is also s long list of material aveilabls to the consoien-
tlous researcher on this subject (5), Unfortunately, most of this
material deals with runoff variations qualitatively, and is of 1ittle
help in predicting quantitative variations in en asrems not previously
studisd.

Basically these factors can be grouped under four heedings:
topographic (slope, elevation, drainsge dengity, etc.) ; geologio {soil,
Bub-s80il, drainage pattern, ste.); cover (grass, trees, litter, culti-
vation, ete.); and climatie (precipitation, eévaporation, drought fre-
quenoy end persistence, ete.), For the Preirie Provinces, complete and
consistent topographic mapping is available for ths Roeky Mountain Region
only., There is no consistent and comprehensive information on surficial
or sub-surface geology. Cover has varied from year to year, and no re-
lisble information is availeble on cover conditions related to past
runoff. Precipitation, the best-defined of these factora for the
Prairie Region, hsg been relatively un-measured for the Rocky Mountain
Regicn. In summary, the only usable paremeters appear at present to be
topography for the Mountain Regions, and precipitation for the Prairies,
For the Prairie area, where there are large differences between '
"dry, wet, and grogs" drainage areas, a supplementary parameter sug-
gost itselr, nemely, the ratio of wet to dry areas.

(i) Basin Elevation

4 number of attempts were mede to establish relationships
between median annual unit runoff and mean basin elevation.
Such elevations were computed for 102 guging stations in the
Rocky Mountains and foothills and are given in Table 4. For
the most part, mapg -0of the National Topographic Series scale
150,000 {eontour intsrval 100 ft. or less) were used for
computing basin elesvationg.

The runoff and slevation data were plotted on log~log
graph paper, log-log paper being selected becauge it was con-
gidered likely that the relationship betwsen runoff and
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and elevation would take the form:
Ry = aEP

where

Ry = median annual unit runcff in acre-feet per
annum per square-~mile;

B = mean basin elevation in feet above G.8.C,
datum;

and 8 & b are constants.

A log-log plot was also convenient on account of the large
renge of runoffs.

A mess plot for the entire mountain and foothill region
displayed appreciable scatter although thers was a general
indication, as would be eéxpected, that runoff increased ag
elevation increased. Attempts at regionalization were made
in two ways: by groupings of basins contained between the
mountain chains running parallel to The Divide and by group-
ings of basins contained within the boundaries of the major river
basins.

The former attempt to establish runoff regions parallel
with The Divide was inconclusive, The latter attempt to estab-
lish runoff regions defined by the boundsries of major river
basing guch as the North Sagkatchewan, the Bow and the Oldman
appsared initially to be promising. However it was found that,
although the correlations between runoff and elevation on log-log
baper were apparently fair, the axponents of elevetion in the
equation Ry = aEP were unduly high in some ceses. It was aif-
ficult to accept the ides that, in some areas, runoff could be
proportional to elevation to & power &reater than five! This
cast suspicion on the correlations obtained and they were re-
jected when, on trying to apply them, they led to a mumber of
absurdities. A mass plot of the date is given in PFig, 10 and
typical plots are shown for the North Sesgkatchewan, Bow and
Oldman River basins in Figs. 11, 12 and 13 respectively,

A criticiam which may be made at this stage is that the
mean besin elevations used were based on an arbitrary (G.S.C.)
detum as far as runoff is concerned. An sttempt was made to
Overcame this difficulty by rlotting what was termed the
"elevation productivity," i.e, unit runoff divided by mean basin
elevation, against mean basin elevation. Several of these
"elevation productivity"/elevation plots were made for the ma jor
river basins and the use of arithmetic paper enabled eostimates to
bo made of the elevations at which the "elevation produetivity,®
or runoff per foot of elevation, became negligible. It was hopsed
in this way to discern, for each major basin, & eritieal altitude
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below which elevaetion ceased to be e dominant parameter of runoff,
For each gauging station, the critiocal altitude was subtracted
Irom its mean elevation above detum and the difference was div-
ided into the unit runoff to give a reviged "elevation productiv-
ity." The "™unit runoff per foot of elevation above eriticel
altitude" data sc cbtained were then plotted against corresgpond-
ing mesn slevations above datum. The results of thig device

were, however, incenclusive and no useful correlations could be
egtablighed,

A further attempt was made to overcome the doubts assoecimted
with an arbitrary datum by plotting "elevation productivity”
againat, what we have called for want of a better tem, the
"mean aresl gradisnt." The "mean areal gredient” wes considered
to be a meagure of the degree to which a given basin was ineiged
or otherwise contorted, and slsec a measure of the drajnage dena-
ity; ms defined in this context it tekes into acecount both
olevation and drainage arsa and has the dimensions of feet of
elevation psr square-mile of drainage area. This does not imply
that the mean areal gradient (m.a.g.) is obtained by dividing
mean elevetion by drainage area, although s rough approximetion
can be calculated in this manner. If in a given basin the rise
between two adjecent contours be divided by the area enclosed
by those contours, then an "areal” gradient would be obtained
for that interval; the meen of such gradientg for the whole of
the baain is defined here s the m.a.g. Time did not permit
celculation of many of these gradients to the desired degree of
acouraocy, but for the few cases for which they were plotted ag-
ainst elevation preductivity, ne firm conclusions could be
drawn.,

Finally, a multivariable regression analysis wes made in
which elevation and drainege aree were taken as the paremeters
of runoff. The results of thip analysis were not encouraging,
For the Bow River Basin, the following relationship was indi-
cated:-

whers
Ru = median annual unit runoff in acre-feet per
gninum per square-mils;
E = mean bapin elavetion in feet above G.S.C.
datum;
and D - drainage srea in square miles.
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For the Oldman River Basin, the relationship waa:-
Ru - 3_99(10"‘ 5)El"’95D_3'73

and for the headwetersof the Bow River:-
Ry = 49.9E0+46p~0.15

The wide range of values in the coefficients and the exponents
of these relationships is sufficient te suggest that they are
unreliabls,

It was concluded from the results of the studies described
in this sub-section, that elevation is an importsnt psrameter
but not sufficient to define runoff in the mountain areas, It
is considered that success will only be achieved when data is
available to enable other parameters to bs ineluded. Topogrsphio
factors such es slope or alternatively mean arsal gradient,
bapin orientation, and climatic factors suoh ag precipitation
and rain-shadow effects are thought to be important parameters
in asddition to elesvation,

Mean Annusl Precipitation

McKay {6) hes mapped the mesn annual precipitation of the
Canadian Prairies. Using his mep, meen ennual precipitation
was estimated for all basins tributary to the prairie hydro-
metric stations used in this study. The results are glven in

With regard to the relationship betweern runoff and precipi-
tation, a variety of formulae have been proposed and used by
various authorities. A most useful sumary of these is given
in & paper by Ayers (7) and among the formulae referred to is
one used by Harrold (8) end adopted for this study; it takes
the form:-

Ry = m logigP - b

where
Ru medlen ennusl unit runoff in sere-fest

Der annum per square-mile;

i

P average annual preecipitation in inches;

and m& b are constants.
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It will be noted that this relationship implies that a
certain c¢ritical value of precipitation has to be reached before
runoff commences, One would expect to find this condition in
nasturs, particularly in a semi-arid region, and it was confirmed
in the course of this study. In general, the relstionship should
be used with care and undue extrapolation should be avoided.

A mags plot for the Preirie region was prepsred using the
median annual unit runoff deta (based on "dry™ dralnage areas)
of Table 2 and the precipitation data of Table 5. Runoff was
plotted linearly as the ordinate and preecipitation wes plotted
logarithmically as the absgcissa in order to facilitate calcula-
tion of the coefficients. Fig. 14 shows the large scatter of
the mase plot. However, further exeminatien showed that there
was much less scatter within sub-reglons defined mainly by the
major river basins. The scatter within the sub-regiona can be
attributed to the influence of other parameters which ¢ ould not
be teken into accoumt and srrors in the basic data. It was
considered that the sub-region plots would provide a useful inter~
polative device for the mapping of runoff. Figs. 15 and 16
show the relationships which wers selected for this purpose.
These relationships are applicsble to en area which is bounded
by the southsast corner of Alberta, the southeast corner of Manitoba
end the Pasquie Hills {80 miles southwest of The Pas) as pointg
of a triengle. Lack of data prevented the development of satis-
factory relationships slsewhere.

It must be emphagized that these relatienships should not be
used for determining runoff from precipitation alone; they should
only be regarded as a means of interpolation. Our Prairie pre-
cipitation network does not permit fine scale definition of
mean annual precipitation, particularly for isolated topographic
encwalies where there are very few rain gauges.

Fluctuating Drainaege Area

Reference wes made on page 8 to the concept of "dry," "wet"
and "grogs" drainage areas, Ome of the phenomena encountered
in the prairies is the variation from year to year of the dreinage
area which contributes to runcff at a given location. The mrea
which contributes to runoff in a particuler vear 1ls governed by
a8 number of factors such as antecedent precipitation, precipi-
tation during the year, depressional storage, evaporation and
Bo onl

There is no satisfactory method et present for ad justing
dreinage area from year to year in order to compers unit runoffs.
The econcept of "dry," "wet" and "gross" areas has however been
found useful end a description of the method of delineating
thease areas will be found in the paper by Stichling and Blackwell
referred to on page 8,
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Reference to Table 2 will diselose some remarkable differ-
ences between "dry" and "wet" areas, These differences are
accounted for by low dreinage density and depressional storage
which withholds runoff in dry years, As mentioned on pags 8,
lack of topogrephic information prevented delineation of "grogs"
areag for many hydrometric stations end in Tables 2 and 3 there-
fore only the "dry" and "wet" areaa have been given.

For the purpose of assessing the importance of this fluctu-
ating drainage area effect, the most usable paremeter appeared
to be the ratio of the "wet" drainage area to the "dry." A
number of attempts were made to compare this ratic with yield end
it was plotted against the median annual unit runoff; against
the ratio of the 1:10 rumoff to the median; asgainst the ratio of
the 1:50 runoff to the median and sgainst the ratioc of the aver—
age annuel unit runoff to the median ennual unit runoff. No
significant relationshipa were evident in eny of these plots,
however in the course of the mass curve and frequency curve
analysis described in Chapter VII, the "wet-dry" ratio when
plotted mgainst detention period showed groupings of points
defining mountain, foothill end prairie regions similar to
those in Fig. 3 obtained from the frequency curve analysis.

This parsmeter appears then to have a grester influence on
runoff variability thas volume.

Size ¢of Drainage Areas

There is a rautional basis for suggesting that unit runoff
increasea as tho gize of the watershed decreases, In arid
areag the walley elluvium can abaorb large quantities of run-
off which is subsequently "leat" to phreatophytes or ground-
water recharge. Alse in arid areas, evaporation losses from
the river surface and the wetted shorelines can be consider—
eble. In arid and humid areas, the smeller watersheds tend
to have a higher meen basin elevation (and hence greaster pre-
cipitation), groater drainage denaity, steeper slopes, thinner
80il mantle, etec. All of thess factors would tend to fevor
higher yielda from small areas than from lerge areas.

For the Rocky Mountain area, the influence of watershed
size on yield would obviously be masked by the stronger cor-
Telation betwsen elevation and watershed agize.

For the Prairies, an attempt was mede to correlate median
annual unit runoff with size of drainage area after removing
the influence of precipitation {graphical multiple correlation
by method of deviations). Although a digtinet trend toward
increasing runoff with decreasing watershed size wes apparent,
the degree of correlation was not sufficient to justify use
of this factor for adjustments at this timse.
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A marked inverse corrslation between size and wnit vield
wes noted for stations in tandem on the Same stream indicating
thet tranamission losses are a factor in the reduction of
unit yields in larger basine. A lack of time and suitebls
data prevented a detailed study of this effect, but it would
seem to be & profitable research project in itself,

(v} Summa ry

For the mountain and foothill regions of Alberta, it wag
found that while elevation is an important factor in rmoff,
1% is not sufficient to define i%. Satisfactory results might
be obtmined when more streamflow dats, particulary above
latitude 519, have been gathered and when dates are available
to allow inclusion of factors such as gradient, orientation
end precipitation.

In the Prairie Reglon, precipitation is the most import-
ant factor in runoff. Precipitation is not sufficient in general
Yo define runoff, although in some mreag a runoff/precipitation
correlation may be uged to give & "first approximetion" in the
estimation of runoff and may also be used, with some agsurance,
as an interpolative device between adjacent gauged besins., In
order to define prairie rupoff more exactly, it will be neces-
sery to take into account the variation of dreinage area from
year to year in order to provide more accurate estimetes of
annual unit runcff, Streamflow data adjusted for the
"Fluctuating Drainage Area Effect” should show improved cor-
relation with precipitation, soil permeebility and drainage aree
8lze as principal parameters end a further refinament may be
effected by introducing fectors such as vegetative cover as
secondary Parameterg; but for the moment, there is no reliable
substitute for regional runoff egtimates based upon sctual
long-term streamflow Tecords as presentsed herein.

MAPFING OF RUNOFF

For the purpose of mapping runoff, the recorded and Teconstructed
streamflow data of Table 2 were used. The largest scale geries of
topographic maps glving complete coverage of the area under invegtigs-
tlon was the 1:506,880 National Topographic Series prepared by the
Caneda Department of Mines and Technieal Surveys. The appropriate sheets
of this series wers assembled as & base map and the locations of the gaug-
ing stations eng corrosponding watersheds were drawn in. The medisn annval
umit runoff, in acre-feet Per annum per square-mile of "dry" drainage area,
was plotted at the runoff centrold of each watershed, In thogze watersheds
in the prairie reglon where there were no bronounced topographic features,
the runoff centroid was considered to be at the centrold of the dry dresin-
88® area; elsewhere, judicious allowange was made for the more elevated
sections of a watershed which would give a greater contribution to runeff,
Strietly, determmination of the runoff centroid is a triel ang error process
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in which the position of the centroid is ad justed to give agreement
between the runoff calculated from the isopleths and the runoff
indicated by the gauging-station rscord. This wes done &3 a check in
several cases and it was found possible to locate the runoff centroid
by judgement with a fair degres of BCCUTACY .

Having plotted the median annual unit runoffa on the base map,
interpolations were made between ad jacent watersheds in the same manner
as in the preparation of a contoured map from a series of spot elevations.
In the course of topographic surveying, a trained rodmsn will Place his
levelling rod at each changs of section. "Spot elevetiona" of runoff
however, are not so conveniently located and care had to be exercised to
ensure that an interpolation was not being made over s section which might
have contained high or low spots of runoff; guidence in this respect
was obtained from topographic maps and from the runoff precipitation
correlations. The interpolations were made graphically with the gaid of
transparent interpolstion diagrams; for most of the prairies, linear
diegrams were used but in arsas such as the Cypress Hills in southwestern
Saskatchewen and Riding Mountain in western Menitoba, where watersheds
rise steeply, logarithmie interpolation disgrams were used. The use of
logerithmic diagrams in hilly areas gives a closer spacing of the isp-
plethe of runoff in the upper region of a steep watershed than in the
lower, This device is admittedly artificial but is in closer agreement
with fact than a linear spacing of iso-lines in such ¢cireumstances,

Using the interpolated values of runoff, isopleths were drawn on
the bage map with due allowance for topographic features, As a check
on the accuracy of this work, median annual runoffs were calculated from
the isopleths for sgeveral large basins and were found to be in good
agreement with the values obtained from the corresponding gauging-
station records,

The median annual upit runoff map, Fig, 1, ghows the results of
this part of the investigation.
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HEGIONAL RUNOFF VARLABILITY

The median annual unit runoff is an interesting and usefuwl figure
in that it 1s a measure of the volume which may be anticipated in an aver-
age year, but it is not adequate for plenning and design. It is import-
ant to knmow how runoff may very from year to year; te know the extent
to which it may be dependsd upon as a sgource of supply. This problem
was approached in two ways: (a) by the analysis of mass curves, and
{b} by the analysis of frequency curves.

(e} Masas Curve Anslysis

In the construction of the mass curves, annual unit runoff
deta obtained from the compilation referred to in Chapter V was
tabulated and sumated for each year of the period 1911-556.

The cumulative unit runoffs so0 obtained were then plotted against
a time base of years. The use of unit rather than total runoffs
facilitated comparison and the use of annual rather than monthly
runcffs was justified in view of the long duration of the drought
peried of the 1930's. Typical mass curves are shown in Fig. 17,
the upper curve of which characterizegthe foothill-mountain area
of Alberta; the middle and lower curves characterize the "hilly"
and "flat" areas respectively of the plains reglon. It is inter-
esting to compere the mass curves of Fig. 17 with the frequency
curves of Fig, 18, From the mess curves, the following informa-
tion was obtained:-

{1) storage (in acre-feet per square-mile of "dry"
drainage area) necessary to maintain ennual
yislds equal to 25%, 50%, 75% and 100% of the
median annuel unit runoff;

{1i) detention pericd (i.e., the ratic of storage to
median annual unit runoff) for the various
annual yields mentioned in (i):

end (iii) Mspill-to-spill period™ (i.s., the time interval
during which there would be no overflow) for the
various annual yields mentioned in (i),

From the information obtained in {i), curves relating unit
storage to unit yield were constructed in which both varisbles
were expreased as percentages of the mediar snnual unit runoff.
It was found that these curves could be grouped into regions with
sach region having its own composite curve. The "gtorage-yield"
regions are shown in Fig. 2, and the regional curves in Figs., 4
to 8 inclusive.

Concerning the detention periocds obtained in (ii), these
were plotted on s base map at the locations of the hydrometric
stations to which they applied. The detention period represents



the average time of stay of water in e reservoir from entry to
exit. It should be noted that "exit" implies not only discharge
through the conduit but also evaporation from the water surfege.
The detention period is influenced by the emount of artificiasl
regulation, i.e., storage, and the variability and volume of
runoff. It ig interesting to note that in the mountain areas of
Albsrta, where runoff volume is high and variability low, the de-
tention periods are of the order of three to four years for ylelds
equel to the median runoff. Conversely, in the plains region where
runoff is low and veriebility high, the detention psrioda are
longer and renge from seven to ten years for yields egumsl to the
median. In the foothills area of Alberta and@ the Cypress Hills
area of Saskatchewan which are characterized by moderate runoft
and moderate variability, the detention periocds range from four

to seven yesrs. No useful conclusions however werg drawn from
this attempt et utilizing the detention period.

It has been mentioned on page 14, that the "wet to dry"
dreinage area ratic when plotted against the detention period for
a yield equal to 100% of the median runoff, showed groupings of
points defining the mountein, foothill and prairie regions as
in Fig. 3. This broad regionalization is discussed in the next
sub-asection.

The "splll-to~spill® informetion referred to in (iii) was
used in an attempt to establish ceriteria for determining optimum
storage. The storage-yield curves of Tigs. 4, 5, 6, 7 and 8
do not seperate evaporation losses from yield. Evaporation
losges from a reservoir mre a function of storage/surface area
characterigtics and alsmo the unit svaporation for the region
in which the reservoir is situated. The latter has previously
beeén investigated for the Cenadian Prairies {9} {10), but the
former is entirely dependent upon local topographical conditions
and cannot be satisfactorily gemeralized. The optimum storage
for e reservoir is considered to be that capacity beyond which
there is no apprecieble increass in yield after the deduction
of evaporation losses. Ideally, eveporation losses should be
considered directly in the optimum sizing of a reservoir. How-
ever, they may be considered indirectly if one accepts the
principle that a given site would be "over-reservoired" if spill
did not occur during a period of, say, meven consecutive dry
yeardg. The period sdopted should be besed upon experience and
in the preirie region, a geven~ to ten~year peried appears to
be appropriate, but in a wetter region with regular precipite-
tion the figure could be as low as three years.

Accordingly, from the “spill-to~spill! information,
satimates were made of the storage necessary to maintain yleld
during dry periode of seven and ten consecutive years for each
of the hydrometric atations considered in the mass curve
analysis. Some useful results were produced, but also some
inconsistencies. It is considered that further study of this
approech is necegsary and it was thersfore decided not to pub-
ligh the results at present,
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Frequency Curve Analysis

Frequency curves were drawn for each hydrometrie station
using annusl runoff data obtained from the compllation referred
to in Chapter V. The annual rumoffs were plotted to a linear
verticel scale on Gumbsl probability paper.

Most of the curves which departed from the straight line
ideal were concave up." This was particularly the cmse in the
drier areas of the prairies and ig probably due to the augnenta-
tion of drainage area in years of higher runoff, The 1:10 and
1:50 annuel runoffs were estimated from the curves end are glven
in Tebles 2 and 3.

In an attempt to eatablish "variebility" regions and to
investigate low-flow characteristics, frequency curves for those
gauglng stations having twelve or more years of record wers pre—
pared in which the ratios of probeble annual runoff to median
ennual runoff were plotted. Use of thia ratioc faciliteted
corparison and & mass plot reveasled that the curves could be
divided into three groups which defined the mountaln, foothills
and prairie regions. The low-flow portion of this mass plot is
illustrated in Fig. 9 in which the upper group, with flat slopes
indicating low variabllity, consists of mountain streams, the
middle group with moderate slopes or moderate variability con-
aists of foothill gtreams and the lower group with steep slopes
or high variability define the prairie stresms. Typical curves
for each group are shown in Fig. 18; the corresponding mass
curvea are shown in Fig, 17.

This broad regionalization into mountain, foothill and
prairia streams was confirmed in the course of tha "fluectuating
drainage area™ studiss degcribed on pege 13, Due to individual
variations in the curves, it was not possible to ragiocnalize
to a finer scale.

Summary

0f the two approaches to the problem nf runoff variaebility
in the Canadian Preirie, the masgs curve was found to have more
applicetion in that it permitted regiomalization to a comparatively
fine gecals and thereby yielded more useful results, It was
not possible from the frequency curve anslysis, to draw any con-
clusions which could be applied with confidence. The frequency
eurve appsars to be more susceptible to the infiuence of poor data
and the emphasis on drought persistence is lost,

The apparent refinement of the frequency curve spproach
can be misleading; conversely, the simplicity of the mass curve
approach is lege deceptive., However, with more and better data
it 1s likely that the frequency curve epproach would have yielded
reliable and useful results.
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USE OF RUNOFF MAPS & STORAGE DIACRAMS

Ags mentioned on page 6, the purpose of this inveatigation wag to
enable gulck estimates to be made of runoff volume and varisbility at a
given location. Such estimates, based on the results of & generalized
study of this kind, should be satisfactory for purposes of comparison
and initisl appraisal of a proposed project. They should rot, however,
be regarded as having the degrees of accuracy which would be amehieved ag
the result of an individual water budzet study for the site concerned
in which dus allowance is made for variable inflow, fluctuating demand ,
reservoir characteriatics and evaporation,

In ordser to use the results of this investigation to assess the
potential of a given reservoir site, it ig Tirst necessary to delineete
the "dry" drainage area with the aid of topographic and drainage maps.

A medien annusl unit runoff for the basin tributary to the site is then
selected from the unit runoff map, Fig. 1, with judicious allowance

for the effects of any local topographic varistions., The median annual
runoff in acre-feet per annum is then obtainsd by multiplying the unit
runoff by the drainsge area. The appropriate unit storage-yield curve
(in which the ordinete and abscissa are expressed as percentages of the
median) is selected from Figs. 4 to 8 by referring to the regional map,
Fig. 3., From the unit storage-yield curve, the storage to maintain a
particular groags yield or the gress yield from a given volume of storage
may be egtimeted. Alternatively a storage-yield curve in which the ordin-
ate and abgcissa ere expressed in acre-feet and acre-feet per annum may
be prepared from the unit storage-yield curve, Because a considerable
portlon of the gross yield leaves @& ressrvoir as evaporation, an adjustment
mugt be made to the storage-yisld curve befare using it to determine
optimum reservoir size. Given the storage-surface area characteriatics
of the resgervoir, it is possible to setimate the ovaporation losses for
various gross ylelds and prepare a storage-net draft curve from which the
optimum storage may be deduced. Determinations of optimum storage made
in this manner should provide a relisble basis of comparison in the
gselection of reservoir sites but the final “sizing" of a ressrvoir should,
as mentioned earlier, be besed on a detailed water budget study.,



IX.

SWMARY AND CONCLUSIONS

This paper presents the findings of a general investigation of the
volume and veriability of surface water runoff in the more populated
region of the Canadien Preirie. Limitations of data, as regards quality
end quentity, imposed reatrictions on the extent of results, However,
it was found possible to describe runoff with a useful degree of acecuraay,
volume being considered in terms of variation of the median annual unit
runoff across the area of study, and variabllity by the delinestion of
regions within which the annual fluectuations of streemf{low were essentially
the seme, The results presented are epplicable to watersheds which have
drainage areas of from 30 to 2000 squere miles.

A more precise definition of run-off would require a better under-
standing of the effects of watershed factors on runoff. This in turn
mugt await the gathering and analysis of more and better data, In the
mountein and foothill regions of Alberts when data are gvailable, in-
vestigation of factors such ag elevation, gradient, orientation and
precipitetion should improve the definition of runoff. In the prairie
region consideration of factors such as fluetuation of drainage area,
Bize of drainage aree, s0il cover and porosity, and precipitation
should give & beiter understending of runoff when the necessary informe-
tion 1is obtainabdble.

A variety of approaches and a number of refined stestistical devices
wore tried in examination of the phenomena asssocisted with runoff. The
general conclusion was that the more simple techniques are the least
misleading when working with limited and uncertain dats,

The methods given for the determination of median annual runcff and
storage potential should be regarded as having the degrsee of accuraoy
which would be associated with preliminary project studies. Rscent checks
on the accuracy of the runoff map, Fig. 1, have been encouraging, The
runoff map may also prove helpful in the estimation of conveyance losses

————— ——in-netural gauged channelss The inflow between two hydrometric stations

on the game streem, may be estimated from the map, comparsd with the inflow
determined from streamflow records and thereby give an indication of the
convevanece logsesg,

In conelusion, it is hoped that the regults of this investigetion
will be useful and that the fields of research which have been indicated
will prove fruitful in future studiss.
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TABLE J,

Page 1 of 3
ELEVATION DATA
MEAN
ELEVATION
REF, STATION HYDROMETRIC STATION IN
NO. NO. LOCATTION Feet
1/1 7AA2 Athabasca River near Jasper 6,700
1/2 7AD1 Athabasca River at Entrance 6,150
1/3 7BE1 Athabasca River at Athabasca 3,700
1/4 TAA? Sunwapta River at Athabasca Glacier 9,500
1/5 TAAL Mictte River near Jasper 6,450
1/6 74G1 McLeod River near Wolf Creek 3,950
1/7 TAG3 Wolf Creek at #16 Highway Crossing 3,300
1/8 7BE2 Pembina River near Entwistle 3,400
1/9 7BAL Fembina River below Paddy Creek 3,650
1/10 7BB3 Lobstick River near Styal 2,800
1/12 7BFY, Heart River at High Prairie 2,400
L/24 5FAL Battle River near Ponoka 2,800
Lf26 5FF2 Battle River near Battleford 2,200
6/38 SAD] Mami Creek near Mountain View 4,650
6/39 5AD0,4 Belly River at International Bdry, 6,200
6/L0 5AD5 Belly River near Mountain View 6,053
6/41 5AD2 Belly River near Standoff L, 500
6/12 5AD16 Drywood River (North Br,) near Twin Butte 6,250
6/L3 5AD10 Drywood Creek near Fishburn 5,500
6/44, 5AD12 Cottonwood Creek at Twin Butte 4,750
6/45 5ADY, Crooked Creek at Waterton Park 4,950
6/46 54D0,2 Boundary Creek near International Bdry, 6,300
6/47 54D0.1 Waterton River at International Bdry, 6,150
6/4,8 54D3 Waterton River at Waterton Park 6,050
6/49 54D8 Waterton River at Standoff 5,050
6/50 5ADO. 3 Street Creek at International Bdry, 6,430
8/60 5AA3 Bath Creek near Lake Iouise 6,800
8/61 5BAL Bow River near Lake Louise 7,350
8/8é2 5BB3 Forty Mile Creek near Banff 7,050
8/63 SBEL Bow River at Banff 6,850
B/6L 5BC3 Spray Creek at Spray Lakes 7,150
8/65 5BC2 Spray River at Spray Lakes 7,400
8/66 5BC1 Spray River at Banff 7,050
8/67 5BGR Ghost River near Black Rock Mountain 7,150
g/68 5BC1 Ghost River near Cochrane 5,500
8/69 5BF, Pocaterra Creek near Mouth 7,000
8/70 5BF1 Kananaskis River near Seebe 6,900
8/71 5BEL Bow River at Seebe 6,750
8/72 5BHY Bow River at Calgary 6,050
8/73 5BJ3 Elbow River at Fullerton's Ranch 6,450
8/ 5BJY Elbow River at Bragg Creek 6,300
8/75 5BJ5 Elbow River above Glermore Dam 5,550
8/77 5BH3 Nose Creek at Calgary 3,800
8/78 5BLS Highwood River at Brown's Ranch 5,650




TABLE 4 (Cont'd.) Page 2 of 3
: i i MEAN :
| ELEVATION

REF. STATION HYDRCOMETRIC STATION IN

NO. NO. LOCATION Fest

i

8/7% 5BL6 | Pekisko Creek near Pekisko 5,350
8/80 5BL7 Stimson Creek near Pekisko 4,550

8/81 5BL9Y Highwood River near Aldersyde 5,000

8/82 5BL18 Sheep River at Buck's Ranch 6,100

8/83 5BL12 Sheep River near Okotoks 4,500
16/133 5DA6 North Sask. River at Sask. Crossing 7,480
16/134| 5DC2 North Sask. River at Saunders 6,800
16/135 5DC1 North Sask., River near Rocky Mtn, House 6,050
16/136 5DE1 North Sask, River at Rocky Repide 5,300
16/137| 5DF1 North Sask. River near Edmonton 4,700
16/138 5DA7 Mistaya River near Sask, Crossing 7,500
16/139 SDE2 Prairie Creek near Rocky Mtn, House 4,550
16/140 5DB1 Clearwater River near Rocky Mtn. House 5,400
17/143 SEA5 Sturgeon River near Villeneuve 2,350
17/147 5GAL Eyehill Creek rear Yorker 2,350
18/148 5843 Castle River near Cowley 5,450
18/149 54422 Castle River near Beaver Mines 5,600
18/150 5AA2 Crowsnest River near Lundbreck 5,350
18/151 SAAS Crcwsnest River near Frank 5,550
18/152 5AA9 Crowsnest River near Coleman 5,700
18/153 5486 Meadow Creek at Hartt's Ranch 14,300
18/154 5ABR3 Trout Creek at Lockwood's Ranch 4,500
18/155 5AB2 Willow Creek near Nolan 4,200
18/156 | 5AB21 Willow Creek near Claresholm 4,500
18/157 5AAL Oldman River at Cowley 5,700
18/158 58A23 Oldman River at Waldron's Corner 6,050
18/159 54421 Oldman River at The Gap 6,250
18/160 5AAL Pincher Creek at Pincher Creek 4,900
18/161 5AB7 Oldman River near Mcleod 5,050
18/162 | 54D19 Oldman River at Monarch 4,650
21/178 | 5CAl Red Deer River near Sundre 6,600
21/179 5002 Red Deer River at Red Deer 4,500
21/180 5CD4 Red Deer River near Nevis 4,400
21/181 S5CEL Red Deer River at Drumheller 3,300
21/182 5CK2 Red Deer River near Fupress 3,000
21/183 5GC1 Blindman River near Blackfalds 3,050
21/184 5CE2 Kneehills Creek near Drumheller 2,850
21/185 5CE3 Rosebud River at Beynon 3,050
21/186 5CH2 Berry Creek near Wardlow 2,400
28/215 5AE0., 5 Swift Current Creek at Many Glacier 6,500
28/216 5AE2 Lee Creek at Cardston 4,650
28/217 54E5 Rolph Creek near Kimball 4,300
28/218 5AE11 Pothole Creek near Magrath 3,900

. " .



TABLE 4 {Cont'd, ) Page 3 of 3
MEAN
ELEVATION
REF. STATION HYDROMETRIC STATION IN
NOC. NC. LOCATION Feet,
28/219 5AE1 St, Mary River at Internaticnal Bdry, 5,850
28/220 5AB6 St. Mary River near Lethbridge 4,400
28/221 SAEQ, 4 Canyon Creek near Many Glacier- 6,800
28/222 5AD7 Oldman River at Lethbridge 4,500
28/223 | 11A426 Sage Creek at Q Ranch 3,100
28/224 | 11440,3 Milk River (North Br.) above U, 8§,
St. Mary Capal 4,850
28/225 | 11A4A5 Milk River at Milk River 4,400
28/226 | 11AA25 Milk River (South Br.) at International Bdry. 4,750
28/227 | 11A40.2 Milk River at Eastern Crossing 3,800
5BK1 Fish Creek near Priddis 4,350
SAES Lee Creek at Layton's Ranch 4,850
TAG2 McLeod River near Edson 4,100
11441 Milk River (North Br.) at International Bdry. 4,650
¢ | . .
I i
SAEQ. 6 Swift Current Creek at Sherburne 6,100
/11 7BF2 West Prairie River at High Prairie 2,550




TABIF 5 (Cont.'d,) Page 2 of 4
: AVERAGE
! ANNUAL
REF, STATION HYDROMETRIC STATION FPN.
NO, NO. LOCATION _ inches
9/86 5KA3 Carrot River at Beaulieu's Farm 14,3
9/87 5KAl Carrot River at Kinistino 1.6
J
10/88 5LJd4 Valley River at Valley River 17.4
10/89 51J10 Valley River near Dauphin 174
10/91 5LJ11 Wilson River near Dauphin 16.6
10/92 5LJ12 Vermillion River near Dauphin 17.8
10/93 SLJ5 Ochre River near Ochre River 19.5
10/94 51J7 Turtle River near laurier 19.7
11/102 1 11AC9 Oxarat Creek at Wylie's Ranch 14,5
11/104{ 114C16 Belanger Creek above Cypress Lake 16.6
11/105| 11ACY, Davis Creek at Drury's Ranch 16,5
11/106 | 11AC3 Fairwell Creek at Drury's Ranch 16.5
11/107} 11AC2 Frenchman R. (North Br.) at Cross' Ranch 16.4
11/108 | 11AC25 Denniel Creek at Val Marie 12,5
11/109{ 11ADO.1 Whitewater Creek at Inter, Bdry., 11.5
11/110| 114F0.4 McEachern Creek at Inter, Bdry. 13,0
11/111{ 114ED.3 Horse Creek at Inter. Bary. .6
11/112 | 114E0.2 Rock Creek at Inter. Bdry, 14,5
11/113 | 11AB2 Foplar River (West Br,) at Inter. Bdry, 14,0
11/134 | 114AE0,5 Poplar River (Middle Br.) at Inter, Bdry, | 15.5
11/115| 114E3 Poplar River (East Br,) at Inter, Bdry, 15,6
11/116 | 114F0,2 Beaver Creek at Intermational Bdry. 15,5
12/117 54H2 McKay Creek at Walsh 15.7
12/118 5AH1 Boxelder Creek at Walsh 15,0
13/119 | 11aBg2 Lodge Creek near Alta, Bdry. .5
13/120F 11ABé Lodge Creek at International Bdry, 13,2
13/121 | 11489 Middle Creek nsar Alta, Hdry, 16.0
13/122 | 114Rs Middle Creek at Hammond's Ranch 145
13/123 | 114870 McRae Coulee near Inter. Bdry. 11.0
14,/124 5MF5 Minnedosa River at Elphinstone 17.0
14/125 | sMF1 Minnedosa River at Beilby's Bridge 17.7
[ 14/126 | 5MF17818 Minnedosa River 2 mi. north of Rivers 17.9
| 14/127 5MF9 Whirlpool River at Danvers 21.0
i 14h/128 5Mrg Rolling River at Lea's Bridge 18,0
15/129 5JES Avonlea Creek near Rouleau 15.4
15/130 5JEL Moose Jaw Creek near Rouleau 15.5
15/131 5JE1 Moose Jaw Creek at MeCarthy's 15,2
15/132 5JG8 Moose Jaw Creek above Jctn, Qu'Appelle R, | 15,0
1 16/139 5DB2 Prairie Creek near Rocky Mtn. House 244




TABLE 5 (Cont'd.) Page 3 of L

AVERAGE
ANNUATL,

TR, STATION HYDROMETRIC STATION PPN.

.0, NQ. LOCATION inches
17/143 5EA5 Sturgeon River near Villeneuve 18,1
17/141, 5EA2 Sturgeon River near St. Albert 18,0
17/145 SEAL Sturgeon River at Fort Sask. 17.7
17/147 5GAL Eyehill Creek near Yonker 13.4
18/148 | 5443 Castle River near Cowley 29,9
18/149 5AA22 Castle River near Beaver Mines 33.0
18/150 SAA2 Crowsnest River at Lundbreck 24L.5
18/151 5A48 Crowsnest River at Frank 26,0
18/152 5049 Crowsnest River at Coleman 27.0
18/153 5AB6 Meadow Creek at Hart's Ranch 18,4
18/151 54B3 Trout Creek at Lockwood!'s Ranch 19,7
18/155 5AB2 Willew Creek at Nolan 19.9
18/156 5AB21 Willow Creek at Claresholm 22,0
18/157 5AA1 Oldman River at Cowley 29.5
18/158 54423 Oldman River at Waldron's Corner 30.1
18/159 50421 Oldman River at The Gap 31.0
18/160 SAAL Pincher (reek at Pincher Creek 28.0
18/161 5AB7 Oldman River at MecLeod 25,3
18/162 5AD19 Oldman River at Monarch 23,4
19/163 5AF8 Irrigation Creek near Orion 12.2
19/164 | S5AF10 Manyberries Creek at Brodin's Faym 13.5
20/165 50B3 Pembina River at Manitou 19.0
20/166 50C0.1 Pembina River at Neche, N,D, 18.7
20/167 5062 Riviere Sale at Ia Salle 19.3
20/168 50F6 Morris River at Stephenfield 19.4
20/169 5042 Whitemud Creek West of Holmfield 18.2
20/171 50D4 Roseau Hiver at Gardenton 20,0
20/172 50D Roseau River at Stuartburn 20.0
20/173 50D1. Roseau River near Dominion City 19,7
20/174, 5081 Rat River near Otterburne 20.7
20/174A1  50H6 Seine River at Prairie Grove 20,6
20/175 5S8A1 Brokenhead River at St. Ouens 21,6
20/176 50D0. 4 Pine Creek at Pins Creek 21.2
20/177 50D0, 3 Sprague Creek near Sprague 214
21/183 5CCL Blindman River near Blackfalds 18,9
21/184 5CE2 Kneehill Creek near Drumheller 16,0
21/185 5CE3 Rosebud River at Beynon 15.9
21/186 5CH2 Berry Creek near Wardlow 13,0
22/187 5AH13 Bullshead Creek near Woolchester 14,7
22/188 SAH37 Gros Ventre Creek near Coleridge 15.8
22/189 5AH3 Ross Creek near Irvine 15.7
25/193 5AH38 Paradise Oreek near Seven Persons 13.5
25/194, 5AH33 Seven Persons Creek near Seven Persons 13,3
25/195 5AHS Seven Persons Creek near Medicine Hat 13.4



TABLE 5 (Cont'd, ) Page L of 4
i AVERAGE |
ANNUAL
REF, STATION HYDROMETRIC STATION FFN,
NO, NO. ... LOCATION inches -
26/196 5NB2 Souris River near FEstevan 15,9
26/197 5ND3 Souris River near Oxbow 16,5
26/198 |  5NFO,2 Souris River near Sherwood, N,D, 16.5
26/202 5NB3 Tong Creek near Estevan 15.8
26/203 5ND2 Mecose Mountein Creek at Oxbow 17.2
26/204, 5NF2 Antler Creek near Melita 17.3
26/205 5NF3 Gainsborough Creek near Melita 174
26/206 5NFL - Graham Creek near Melita 17.7
26/207 5NGH Pipestone Creek near Reston 17.7
27/208 | sHDs Swift Current Creek at Sinclair's Ranch 13.5
27/212 5HA16 Skull Creek at Doyle's Ranch 6.7
27/213 5HA2 Skull Creek near Skull Greek 16,4
R7/214 5HAL3 Bridge Creek near Raymond & Boyle Ranch 16.5
_8/215 5AE0, 5 Swift Current Creek at Many Glacier 32.5
28/216 SAE2 Lee Creek at Cardston 24,0
28/217 5AF5 Rolph Creek at Kimball 18.1
28/218 5AR11 Pothole Creek (Upper Stn.) at Magrath 17.5
28/219 5AEL St. Mary River at Inter, Bdry. 27.5
28/220 |  5AE6 St, Mary River at Lethbridge 2242
28/221 5AEQ.4, Canyon Creek near Many Glacier 32.0
28/222 5ADY7 Oldman River at Lethbridge 23.4
28/223 | 11A4A26 Sage Creek at "Q" Ranch 12,0
28/224 | 11A40.3 Milk River (North Br.) above U.S.
St, Mary Canal 18.5
28/225 | 114a5 Milk River at Milk River 16.7
28/226 | 114425 Mille River (South Br.) near Inter, Bdry, 17.8
28/227 | 11AA0,2 Milk River at Eastern Crossing 14,5
29/228 5JGl, Qu'Appelle River above Buffalo Pound Iake 13,9
29/229 5JG7 QufAppelle River below Jetn., Moose dJaw
Creek 14.1
29/230 5JF1 Qu'Appelle River at Lumsden Thad
29/231 | sdx2 Qu'Appelle River below Craven Dam AVAVA
29/232 5JM3 Qu'dppelle River at Tantallon 15.8
29/233 5JFL Waskana Creek near Scdley 15.5
29/234, 5JF3 Waskana Creek at Regina 15.3
29/235 5JF5 Waskana Creek above Jetn, Qu'Appelle River 15.0
29/236 SJHL Arm River near Bethune 13.5
29/237 S5JKL Jumping Deer Creek near Lipton 16.0
29/238 5J12 Indian Head Creek near Tndian Head 17.5
29/239 5J15 Pheasant Creek near Abernethy 16.0
29/24,0 5JM5 Kaposvar Creek near Tantallen 16.2
29/241 5JML, Cutarm Creek near Spy Hill 16.2
30/242 51EL Swan River at Swan River 16.5
30/243 5LC1L Red Deer River at Wrwood 16.2
31/244 | 5JA2 Wood River near IaFleche 14,8
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