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ABSTRACT 

Long-term suspended sediment concentration and 

l oad records are available for twenty three Wat er 

Survey of Canada sediment monitoring stations in 

the Saskatchewan River basin with dra inage areas 

ranging from 10 km2 t o over 300 000 km2 • Mean 

annual sediment yield is greates t in the western 

Alberta Plains al ong the Oldman and Red Deer Rivers 

Cover 100 tonnes km-2 years- 1 ) and tends t o 

increase d ownstream al ong the main rivers until 

major reservoir s in Saskatchewan intervene. Averag e 

sedi ment concentration shows a similar pattern of 

variat i on to that of y i eld . Temporal aspects of 

suspended sediment transport vary along the 

drainage network . The r ange and skewness of t he 

yiel d a nd concentration duration curves are greater 

in the intermediate size basins close to t he Rocky 

Mountains and in two small bas ins with Prairie 

s o urces than they a re in t he large Prai ri e streams 

with Mountain sources and the glacier-fed upper 

Nort h Saskatchewan River . S imil ar l y , infrequent 

fl ows trans port a larger proportion o f the annual 

load in the sma ll er Foothills and wester n P lains 

basins than in the large Prairie streams because o f 

differences in drainage area and discharge regi me . 
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INTRODUCTION 

Suspended sediment loads and their pattern of 

spatial and temporal variability have been reported 

at a variety of scales from all over the world 

(Walling and Webb, 1983). Numerous studies of the 

influence of climate, topography, land use, 

lithology, basin area and other factors have sought 

to predict long-term fluvial denudation rates as 

well as assessing the impact of human activities on 

short and long-term erosion rates. However, other 

aspects of fluv ial sediment trans port have received 

comparatively little attention. This is true of 

some of the temporal aspects of suspended sediment 

transport including inter and intra-basin contrasts 

in the timing of sediment transport and the 

relative importance of events of different 

magnitudes and frequencies (Webb and Walling, 

1984). In part this is due to the lack of 

sufficiently long data records. 

In Canada, despite the fact that the Water 

Survey of Canada has maintained a national sediment 

monitoring program since the early 1960s there have 

been few regional summaries of sediment yield. 

Perhaps the best - known nati onal summary of 

suspended sediment concentrations and yields is 
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that prepared by Stichling (1973) using Water 

Survey of Canada d at a . -Subsequently .Dickinson and 

Wall (1977) described contrasts in yield timing 
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and magnitude-frequency characteristics of selected 

basins fr om several regions across the country. 

Attempts to correlate sediment yield with the 

physical properties of drainage basins include 

Robinson's (1972) study of basins with a wide range 

of drainage areas from across Canada and 

McPherson's (1975 ) study of relatively small basins 

in south-western Alberta. In addition, there are 

s tudies of the sediment yiel d of individual basins 

ranging from small mountain c a tchment s (e .g. 

McPherson, 197 1 ; Nanson, 1974) to l arge Pl a ins 

rivers such as the Red Deer Ri ver (Campbell, 1977) . 

However , there are no s y nt heses comparing spatial 

and temporal aspect s of suspended sediment 

transport over a large area such as a major river 

basi n. Suspended sediment trans port through l arge 

ri ver s ystems is not only of academic interest but 

has more immediate en v ironmental relevance in, for 

instance, monitoring and under s tanding the routing 

of sed i ment-attached pollutants thr ough the 

drainage b asin . The basic d a ta o n sediment 

transport i s essential background information for 

such problems. 
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The Water Survey of Canada has operated a 

n e twork of sediment s tations in the Saskatchewan 

River basin f o r over twenty years. The pres ent data 

b ase include s more stati o ns and a longer period of 

record than was available to Stichling (1973 ) . This 

e xpanded data base is arguably the bes t available 

for a major Canadian river bas in. The Saskatchewa n 

River bas in i s also o f int e rest because of the 

pron ounced contrasts in the physical envir o nment 

within the dr a ina ge b a sin between the Rocky 

Mountains an d the Prairies and also because issues 

of wa t er qua li ty and water s up p l y , a s well a s t h e 

phys i ca l aspects o f erosi on a nd sed i mentati on , are 

of great impor t ance to the region . Th i s paper 

summar i z es the patterns o f l ong-t erm s uspended 

sed ime nt l oad an d yiel d , as we ll a s differences in 

r eg i me and the magn itude- f requenc y c haract er i st i cs 

o f s u s p ended sediment t r ansport between streams in 

the Saskatchewan River basi n. Fur ther d e t ail s ar e 

con ta i ned i n Ashmore (1986 ) . 

PHYSICAL GEOGRAPHY OF THE SASKATCHEWAN RIVER BASIN 

Th e Saskatchewan Ri ver drai ns an area o f 

appr ox ima tel y 3 6 3 000 km~ ex t e n d ing f r o m the 

continent a l di v ide t o Lake Winnipe g ( Figure l a) . 

The two branches of t h e rive r, the No rth an d South 
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Saskatchewan River s , originate in the Rocky 

Mountains and flow e astward through the Foothills 

a nd acr oss the Alber ta and Saska tc hewa n Pl a ins 

before j o ining in central Saskatche wa n. In eas ter n 

Saskatchewan and wester n Manitoba t he Saskatchewan 

River flows through the Cumb e rland De lta area 

upstream of Cedar Lake. Thi s portion of the l o wer 

Saskatchewa n River i s a compl ex anastamos ed c hann e l 

network <Kuiper, 1960; Smith, 1983) . Much of t he 

s ediment l oad is deposit ed in Ce d a r Lake which i s 

linked to La ke Winnip e g b y a s hort b e d r ock ch annel. 

There are few natural l akes al o ng the main s t r eams 

o f th e bas in e xc ept in t he Cumber l and Delt a a nd and 

the extreme north-ea stern portion of the basin 

border ing the Canadi a n Sh iel d. However , t her e are 

severa l res ervoi rs , most importan tly La ke 

Die f enb a ker and Tob in La ke , wh i ch inf l uenc e the 

fl o w regime o f the ri vers and a r e i mpor t a nt 

sedi me nt t raps . 

A large p roport i on o f t he basi n area i s occ u pied 

b y the Alberta a nd Sa skat chewan Pl ains but th e 

Ro c ky Mo un tains a nd Footh i ll s al o ng the western 

marg i n of t h e basi n not on l y pr esent a s t rong 

physiographic c ontrast t o the Pl ai n s b u t a re a l so 

the major sou rce o f runof f in the basi n (Figure lb 

a nd d ) . For e xampl e , mea n a nnual fl o w of the Nor th 
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Saskatchewan River, Red Deer River, Bow River and 

Oldman River in western Alberta is ~quivalent to 

About 70% of the mean annual flow of the 

Saskatchewan River at The Pas, Manitoba. 

Mean annual precipitation is lowest in the 
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central portion of the basin where it averages less --~ 

than 300mm. This lncreases northward and eas~ward 

to over 400mm and increases rapidly to over 800mm 

towards the western margin of the bas in. A similar 

spatial pattern is seen in the mean annual runoff 

which averages less than 5mm in parts of south-

eastern Saskatchewan and exceeds 1000mm in the 

Rocky Mountains (Figure le). 

Th e Rocky Mountains and Foothills are f ormed by 

eastward thrusti ng and folding of the bedrock to 

form a series of parallel ridges trending roughly 

NW - SE. The lower slopes and valley bottoms are 

often mantled with glacial, fluvio-glacial and 

lacustrine deposits into which the contemporary 

streams are eroded and which are important sources 

of sediment (Hudson, 1983 ) . Locally sediment yield s 

may be e xtremely high (McPherson, 1971) but along 

the main r i ver va lleys there are often depos iti onal 

zones ( for e xample, upstream of tributary alluvial 

f ans) which may tr ap much of the sediment eroded 

from upstream (Shaw and Kel lerhals, 1982). 
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The low relief of the Alberta and Saskatchewan 

Plains has resulted in large areas of poorly 

integrated drainage which do not contribute water 

or sediment to the main stream system. The main 

rivers are incised into the glacial deposits and 

erodible Cretaceous sandstone, clay and shale that 

underly the Prairie surface . The steep valley sides 

are often subject to gullying and mass movement and 

consequently may be the most important sediment 

sources in the basin (Campbell, 1977). 

While the Rocky Mountains and Foothills as well 

a s the north wes tern portions of the Plains retain 

a f orest cover up t o an a ltit u d e of about 2000 m, 

muc h o f the natur a l g rassl a nd and p ark l a nd of t he 

Pr ai r i e p or ti on of t he b as in has been r e pl a ced b y 

a r a bl e a n d g razing land ( Fi gure le ) . 

Sinc e 1961 the Wat e r Survey of Canada has 

routine l y coll e cted s u s pe nd e d s ediment s amples at 

h ydrometric st a tions in Ca nad a . Sampl es are 

collected using standard U.S.G.S. d e pth integrated 

suspended s ediment sampl ers at a single vert i ca l in 

the rated cros s section (Stichli n g, 197 3 ) . There 

~re 11 2 st a ti o ns in the Saskatchewan Ri ver basin at 

which sediment samples hav e been c o llected . 
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However, the period and frequency of sampling 

varies great l y between sites and on~y twenty or 

thirty stations may be act i ve in a given year. 

Sixty four of these stations have only infrequent 

sampling programs i n which only a few samp l es per 

year are collected and no calculations of load are 

made. These stations have not been used in the 

analysis . 
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The remaining stations have sampling programs 

which cover either the entire year or the open 

wat e r season (March or Apri l to Oct ober) with 

sample collection every few days under normal 

conditions and more frequently during high flow 

periods . A continuous plot of suspended sediment 

concentration is interpolat e d by hand between 

samp les b ased on interpretation of the discharge 

record . The d ai ly mean concentration and daily load 

are then calculated. This method differ s from the 

suspended sediment rating curve used in many 

suspended sediment studies. 

Several of these stations have sediment records 

which are too short (three years or less) to give 

reliab le long-term load estimates, therefore this 

paper concentrates on twenty three station s with 

l ong-term rec or d s several, of whi c h were 

estab l ished at the inception of the national 
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program in the early 1960s. These stations are 

listed in Ta ble 1 and their l ocation is shown in 

Figure 2. Their drainage areas range from less than 

10 km2 to o ver 300 0 0 0 km2 • 

Nine of the stations shown in Figure 2 are 

situa ted on the main river s of the basin several 

hundred kilometres east of the Rocky Mountains. A 

second grou p of eleven stations cons ists of st r eams 

in the Roc ky Mountai ns and Foothill s and o n the 

Alb e rta Pl a ins close to their western mar gin. Most 

of these are on major tribut a ries of the s tr e am 

s ystem (Oldman Ri ver , Wi ll o w Creek, Elbow Ri ver, 

Bo w Ri ver , :tighwoo d Ri ver , Red Deer River and North 

Saskatchewa n Ri ver) but Marmot Creek i s a smal l 

e xpe ri mental bas in i n the Front Ra n ges o f the Roc k y 

Mo unta i ns . The r emain ing t wo stati ons ar e s i tuated 

o n s tr eams wit h their s ources o n t he Pr ai r i es 

(Swi ft Current Cr eek a nd Ca rrot Ri v e r) . 

SEASONAL SEDIMENT LOAD 

I t i s not possible to cal c ul a t e th e mean an n u a l 

sediment l oad f o r t he per i o d o f recor d at all the 

stations because i n some cases data have b een 

coll e ct ed o n ly during the o pen wa t er season. In the 

cases wher e y e a r-r o und sampling h as occ urred the 

s ediment loa d trans p orted during wint er (Novemb e r 
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to March) accounts, on a¥erage, for less than 5% 

and as little as 0.5% of the annual load. Assuming 

this applies to the remaining stations the seasonal 

(April to October) l oad is a close approximation to 

the annual load. In two cases (Bow River at Calgary 

and South Saskatchewan River at Saskatoon) flow 

regulation at upstream d ams has increased the 

proportion of the annual load carried during 

winter. At these two stations the annual loads have 

been used . Table 2 displays the seasonal suspended 

sediment loads together with the standard error of 

the estimate of the mean and the s kewness 

[ ( m3 /m~ ) 3 '~ where m2 and m3 are the second and 

third moment s of the frequency distribution] of the 

distribution of annual loa d s . Variability in 

season a l l oad , as s h o wn by the standard error of 

the estimate of the mean , is considerable . Thus , 

the standard error ranges from 6.1% to 61.3% of the 

mean and tends to be greater for the small er 

Mountain and Foothills streams than for the l arge 

Prairie streams . Differences in the l e ngth of 

record are responsible for some ofr these 

d ifferenc es . The Mountain and Foothills streams , as 

well as the two Prairie source streams, also tend 

to have greater positive skewness of the annual 

l oad series than d o the l arge Prairie streams. 
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Figure 3 shows the seasonal sediment load at the 

sedime nt stdtions in the Saskatchewan River basin. 

Prior to the construction of the Gardiner Dam 

(completed in 1963) on the South Saskatchewan River 

the mean annual suspended sediment load of the 

Saskatchewan River upstream of the Cumber l and Delta 

was approximately 9 mil li on tonnes. Northwest 

Hydraulic Consultants (1986) estimated that the 

mea n annual at The Pas was 4 mil li on tonnes, but 

there are few data on whi c h to base this figure. 

Regardless , des pite a considerable amount of 

deposition in the Cumberland Delta, a signific ant 

l oad reached Cedar Lake . Of the 9 million t onnes 

per year c arr ied b y the Saskatchewan River, 

app rox imate l y one third was deri ved from the North 

S askatc h ewan River and two thirds from the South 

Saskatc hewan River . 

The c onstruction of the Gardiner Dam has 

obviously had an impact on the sediment l oad of t he 

rivers d ownstream. Muc h of the l oad o f the South 

Saskatchewan River is derived from the Alberta 

portion of the basin and is n o w deposited in Lak e 

Diefenbaker (Yuzyk , 1983) . Thus the mean annual 

l oad at Saskat o on (d o wnst ream of the Gardiner Dam ) 

i s n o w less tha n 0.5 mil li o n tonnes (see al s o, 

Rasid,1979) compared with an estimated 6 milli on 
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tonnes prior to the dam construction. At the· same 

time th e Squaw Rapids Dam (Tobin La ke) , completed 

in 1962 on t he Saskatc h e wa n Ri ver tr aps the loa d of 

the No r th Sas katchewan Ri ver b e f or e it reaches the 

Cumberland Delta. Yet despite the presence of these 

two reservoirs, the Saskatc hewa n River at The Pas 

sti ll tr ansports a mean a nnual sediment load of 2 

million tonnes, d erived from the b asin downstream 

o f Tobin La ke . Th e contribution o f t he tributaries 

in this porti on of the bas in is n ot known but most 

of them drain Sh i e ld areas through a series of 

l akes and are un l ikely to carry significant l oads . 

Th e Carrot Ri ver accounts fo r a small proportion of 

t he l oad but much of the remainder must be derived 

from the Saskatc hewan River itself by bank and lake 

shoreline erosion in t he Cumberland Delta region. 

The absence of l ong-term sedi ment stations in 

the Nort h Saskatchewan River b asin b etween 

Whirlpool Point and Prince Albert makes it 

impossible to establish the pattern of sediment 

contr ibuti on within that portion of the bas in. In 

the case of t he South Saskatchewa n River, of the 

mean annual l oad of 6 million tonnes deposited in 

Lake Diefenbaker , approximately 2.0 mi llion tonnes 

i s d e livered from the Red Deer River basin and 1 . 5 

milli on t onnes f rom the Oldman River basin . The 
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contribution of the Bow River cannot be reliably 

estimated from the existing station network. The 

discrepancy between the combined loads of the South 

Saskatchewan River at Highway #41 (05AK001) and the 

Red Deer River near Bindloss (05CK004) with that of 

the South Saskatchewan River downstream of the Red 

Deer River confluence (near L~msford, 05HB001) 

arises because of differences in the period of 

record between the three stations. When the loads 

for the common period 1967 to 1970 are compared the 

combined mean seasonal load of the Red Deer and 

South Saskatchewan River upstream of their 

conflue nce is 6.6 milli on tonnes compared with 7 

million tonnes down stream of the c onfluence. 

In both t he Oldman and Red Deer rivers much of 

the a nnua l sediment load is cont ributed in the 

Alberta Pl a ins region . I n the case of th e Red Deer 

River over 90% (1.8 million tonnes of the total of 

2.0 million tonnes) of the mean annual load at 

Bindloss (05CK004) i s der ived f rom the portion of 

the bas in downstream of Red Deer (see also 

Campbell, 1977). Similarly, appro ximately 82% of 

the mean annua l load of t he Oldman River at 

Lethbridge (05AD007) is derived from the basin 

downstream of Brocket. This contrast s with annual 

flow contributions of about 25-30½ of the tot a l in 
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both c ases . The badlands of the Re d Deer River 

vall ey are known t o c ontr ibute l ar g e amounts of 

sediment to the mai n stream and similar riparian 

sources also are likely to b e i mportant in the 

Old man River b asin (Kuiper, 1960 ) . 
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Figure 4 plot s the cumulative d eviation fr om 

the mean sea sonal load over the peri od of r ecord at 

representat i ve station s on the major rivers of the 

Saskatchewan Ri ver basin . The pattern ~r variati on 

is simi l ar in a ll cases . Th e period f rom the early 

1960s to the m~d 1970s i s one of above average 

sedi me n t l oads while a f ter 1975 a period of 

consistently below average loads occurred . The 

variation in ann ual sediment l oad necessarily 

follows that of annua l flow . The fact that the 

pattern of variation is si mil ar on all the major 

rivers of the drainage bas in suggests that it i s 

p rimarily the result of natural fl ow var iati on 

rather than flow regulation and abstraction . This 

t rend i n mean an nual load over the 20 year p eriod 

f rom 1963 to 1983 again raises the difficulty of 

compar ing average l oad and yield between stations 

with differing periods of record . 

ANNUAL SEDIMENT YIELD 

It is wel l -known that sed ime nt yield i s hi gh l y 
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spatially variable and that the use of sediment 

yield as a measure of average denudation in a large 

drainage basin gives a misleading impression of 

spatial uniformity. Nevertheless, the mean annual 

sediment yield of a drainage basin remains a useful 

means of standardising the sediment load of streams 

with differing drainage basin areas. 

In the Saskatchewan River basin the definition 

of the drainage area is problematic because of the 

presence of large areas of internally drained land 

on the Prairies. The Prairie Farm Rehabilitation 

Administration (1983) calculated the area of 

internally drained land ("dead " d rainage area) 

upstream of each Water Survey of Canada gauging 

station , from 1:50 000 topographic maps . Whe n 

subtracted from the total drainage area within the 

drainage divide, the resulting " effective" area 

gives an estimate of the area contributing runoff, 

and therefore potentially contributing sediment , to 

the main stream system . The effective area was used 

to calcul ate the sediment yield although in some 

cases the drainage area upstream of lakes a nd 

reservoirs was also subtracted . Th e drainage area 

calculated as a result of these adjustments is 

referred to here as the potential sediment 

contributi ng are~. 
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Figure 5 shows the pattern of sediment yield. 

There i s a general tendency for the smaller 

h eadwater basins in the Rocky Mountains and 

Foothill s to have relatively low yields and fo r 

yields to increase downstream into the western 

Plains region. The high yield from the glacierised 

upper North Saskatchewan Rive~ b asin Cat Whirlpool 

Point, 05DA009) is an exception. Further downstream 

yields decrease s ligh t ly. The consequence of this 

pattern is that, when plotted against drainage 

area, sediment yield shows a positi ve correlation 

with drainage area (Figure 6). Hud s on (1983) 

d esc ribes a s imilar pattern for th e Elbow River as 

it flow s from the Rocky Mountains through the 

Foothill s and out onto the Alberta Plains. 

Existing data on the relationship b e tween 

drainage area and sediment delivery r at io (see, for 

examp le, Wa lling and Webb,1983,Figure 4.8) imply 

that sediment yield declines with increasing 

drainage area . However , these res ult s are deri v ed 

from basins with drainage areas less than 1000 km ~ 

in presumably f a irly uniform terrain. In much 

larger b asi n s in which there may be large contrasts 

in geo log y , land use and relief it is to be 

e xpected that the r elat ions hip betwee n sediment 

yield and drainage area would have a different f orm 
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' 
depending on the arrangement of major sediment 

source areas and sinks within the drainage basin • 

A more realistic model in such cases would be 

one of fluctuating load and yield downstream along 

the stream system in response to the juxtaposition 

of both point and non-point sources and sinks such 

as lakes and reservoirs. In this case the steep­

sided valleys entrenched into glacial deposits and 

weak bedrock of the Plains are primarily 

responsible for the increase in sediment yield in 

the Alberta . Plains area and hence fo r the increase 

in yield downstream along the main rivers . 

In most cases it is possible to calculate the 

mean annual sediment yield separately for the 

portions of each drainage basin b etween adjacent 

sediment stations on the same river. The result 

of doing so (Figure 7) is that the r elat ionship 

between yield and drainage area is less apparent 

and instead t here is a distincti on between a group 

of st ations with yields less than 40 tonnes km- 2 

years- 1 and a second group with yields over 50 

tonnes km-~ years-~. The first group are mainly 

relat ive l y small Mo un tain and Foothills catchments 

while the second group consists primar ily of larger 

Plains rivers . Thi s confirms the significance of 

the sediment sources in the western Plains to the 
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variation in yield along the main streams of the 

drainage basin. 

AVERAGE ANNUAL CONCENTRATION 

1'3 

An alternative to standardising the sediment 

loads of rivers with different drainage areas is to 

consider the load relative to the average annual 

flow. The ratio of mean annual l oad to mean annual 

flow volume is in effect a concentration and her e 

is referred to as the average annual concentration. 

Figure 8 shows the pattern o f variation of average 

annua l concentration at the long term sediment 

stations in the basin . 

Th e contrast between relatively l ow 

concentrations in the Mountain and Foothills 

streams and the high concentrations in the 

Alberta Pla i ns portion of the basin parallels the 

patter n of var iation of sediment yield. 

Concentration i s also relatively high in the two 

streams with Pra i rie sources (Swift Current 

Creek and Carrot River) . The effect o f the 

reservoirs in reducing suspended sediment 

concentration in the Bow River at Calgary 

C05BH004) , the South Saskatchewan Ri ver at 

Saskatoon (05HG001 ) and the Saskatchewan River 

d own stream of Tobin Lake (05KD003) i s also 
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apparent. 

Concentr a tion is h ighest in the ~ own s trea m 

portion of the Red Deer River presumaLly ·as A 

res ult of sedi me nt eroded from the badlands along 

this portion of the valley. Although sediment 
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yield appears to be greater on the Oldman River 

upstream of Lethbridge tha n on the Red Deer River, 

average conc e ntration i s lower in t he Oldma n Rive r. 

Notic e a l s o that the a verage annual concentration 

is rel ati v e ly low in t he upp e r North Saskatchewan 

Ri ver at Wh i r lpool Point in contras t to th e high 

yield record e d at thi s s ite . 

ANNUAL SEDIMENT REGIM~ 

The time distribution o f suspended sediment load 

at a station i s strongly depen dent o n the dischar ge 

regime but is also influenced by variati on in 

concentration which, while positively correlated 

with di scharge , is indirectly related t o i t . The 

annual discharge regi mes , and therefore the 

suspended sediment r egimes , of the streams of the 

Saskatchewan Ri ver basin a re influenced by wh et her 

the s t ream has a Prairie or Moun tai n source and, if 

the latter, by the distance of the station f rom th e 

Mo unt a ins . Figure 9 shows e xamples of flow an d 

s e diment regimes based on average monthly flow and 
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load over the period of record which illustrate 

this point. 

Marmot Creek is a small (9 km 2 ) experimental 

basin in the Rocky Mountain Front Ranges at an 

elevation of o v er 1600m. Both runoff and sediment 

regime s how a single peak in June. In the case of 

sediment load June is by far the domi nant month. 

The drainage bas in of the Highwood River includes 

areas of the Rocky Mountains, Foothil l s and the 

western Plains. Here again discharge and load are 

highest in June but runoff from lower a lti tudes 

contributes to significan t flow and sedime nt l oad 

in May and to a lesser extent in April. 
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This pattern of a single peak in ear ly summer 

prevails further downstream along the l arger rivers 

with Mountain sources . I n some i nstances where the 

stat ion is several hundred kilometr es from the 

Mountains the peak is delayed until e a rly Jul y . The 

Nort h Saskatchewan Ri v~r at rrince Albert s h ows 

this effect and also has a sec ond smaller peak in 

April resulting fr om the contribution o f flow and 

load from Prairie rivers such as t he Batt l e River . 

Since 1975 flow regulation for power generation 

up st r eam has resulted in the Apri l peak becoming 

the dominant sediment t ransporting event at thi s 

station (Ashmore , 1987) . 
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The regime of the Prairie source streams is 

illustrated by Swift Surrent Creek which has a 

single peak in April due to Prairie snowmelt and 

negligible load throughout the remainder of the 

year. 
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The North Saskatchewa n River at Whirlpool Point 

has a regime that is influenced by glacier melt. 

The res ult is that in contrast to Ma rmot Creek it 

has a prolonged summer flow and load peak from May 

to S e pt e mber with maxi mum aver a ge load in July. 

Wh e n mean monthly load i s plotted against mean 

monthly di sc h arge the resulting graph shows 

hysteres i s in t he relationsh ip such that , in most 

c ases , load is greater at a g i ven discharge on the 

rising li mb of the annua l hydrograph than at t he 

same di scharge on the falling limb (Figure 10) . 

Such seasonal variation in concentration i s 

n ormall y at tributed to flus hing of the sedimen t 

s our ces close t o the st r eam system by th e ear l y 

season high di sc harges and to differences in the 

r elati ve contr i bution of high concen t r at i on 

quickflow and low concentration b ase flow on t he 

rising and falling limbs of t he annual hydrog r aph 

(Gregory a nd Wal ling, 1973) . Th e Highwood River 

near the mouth and the South Saskatche wan Rive r at 

Highway 41 bot h show a simp le clockwise loop . 



- However , in other cases the pattern is more 

complex . For example the North Saskatchewan River 

at Prince Alber t has a loop with two peaks at high 

discharge reflect ing the April and July peaks in 

the annual regime. In addition the North 

Saskatchewan River has a counter-clockwise loop at 

low discharges which may be due to the release of 

water f or power generation from upstream reservoirs 

resulting in slightly •~~~her discharges with very 

l ow sediment concentration during December, 

January and February. The complex hysteresis 

patt ern of the South Saskatchewan Ri ver at 

Saskat oon ill ustrates the i mpact t hat up s tream flow 

regu l ation h as on the sediment regime of some 

port ions of the stream system . 

DURATION CURVES OF DAILY CONCENTRATION AND YIELD 

Ta ble 3 s hows the va lues of graphical di spersion 

and gr aphica l skewness { [1 /99] and l og[( l x99)/5 OQ] 

respect i vely , where the numbers are percenti l es of 

the di str ibut i on} of the d ai ly c onc entrat ion and 

daily yield d ur ation curve. Sel e cted e x amples of 

these curves , showin g the range o f variation in 

thei r form, are di s pl ayed in Figures 11 and 1? 

Co ns ider a ble variability i s ap parent in the 

dispersion and skewness o f the di stri b ution s as 



--

-

24 

well as the actual values of concentration and 

yield. 

The daily yield duration curves show the 

difference in yield between the upstream Mountain 

basins and the downstream Plains streams that was 

discussed in the section on annual sediment yield. 

Apart from these differences, the duration curves 

from different parts of the basin can also be 

distinguished on the basis of their shape, as 

defined by graphical measures of skewness and 

dispersion. For example, the intermediate size 

basins in western Alberta such as the Oldman River, 

Wi llow Creek, the Elbow River and The Highwood 

River h ave durat ion curves with large di s persion 

and high p os i t ive s kewness . Thi s c an be seen in 

Figure 11 in the curves for the Oldman River near 

Brocket and near Lethbridge . The same is t rue of 

Swift Current Creek, a relatively small stream fed 

entirely by Prairie runoff. 

By comparison with the smaller Foothil l s and 

western Plains basins t he large Prairie streams 

such as the North Saskatchewan River at Prince 

Albert, as well as some of the Mount ain streams 

(for example the Crowsnest River), have smaller 

values of graphical disp ~rsio1, and skewness. In two 

cases the duration curves are negatively skewed. 
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Th e fi rst of these i s the North S askat c h ewan Ri ver 

at Wh ir lpool Point whose gl acia l regime has alread y 

been shown t o b e d isti n c t in other r espects and the 

second i s the Saskatchewan River at The Pas i n 

whi c h fl ow i s s t ron g l y r egu l a t e d by n a t u r a l l akes 

a nd b y r eservo i rs . The g e n eral p a tt ern d o wnst r eam 

a l o n g t he mai n streams i s f o r skewness and 

d ispersion to be r e l at i vely l o w i n the smal l 

Mountain streams , to i ncrease at t he western mar gin 

of the P lains and t hen to d ecrease downstream. 

A simi l ar spatial pattern c an be seen i n the 

d a i l y concentration dur ation curves ( Figure 12) . 

Notice again that the daily durati on curves show 

the same general pattern of variation of average 

concentration as the mean ann ual concentrati on . 

Thus , the concentration tends to increase 

downstream along the main rivers and the Red Deer 

River at Bindloss has consistent l y higher 

concentrati ons across t he whole duration curve than 

any other station . There are also differences in 

the shapes of the duration curves . Mountain streams 

( f or e xample Crowsnest River) are characterised by 

low disper s ion and s kewness whi ch are both greater 

downstream at the stati on s on streams i n the 

western Plains such as those on the Ol dman River , 

Willow Creek , t he El b ow River , the High wood River 
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and the upstream stations on the Red Deer River. 

The duration curves for the Prairie source strea ms 

such as Swift Current Creek are simil°ar to thc,s e 

from the western Plains stations . 

Further downstream along the main rivers the 

skewness and dispersion of the duration curves tend 

to decrease again (for e xample; see the curve for 

the North Saskatchewan River at Prince Alber t) . In 

some cases this effect is enhanc e d by the presence 

upstream o f l a kes and res e r voi r s (for e xample, the 

Saskatchewa n Ri ver at The Pas ) . Thus , wh i le 

concentrations at the 95th p e rcenti l e a re great er 

in the l a rg e Plains ri ver s than in th e s ma ller 

rivers cl oser to the mountains , the c0nc G~ ~r ati o n s 

at t he 5 th p ercenti l e o f t he d urati on c urves a re 

greater i n th e s ma ll er western P lain s streams than 

they a r e fu rther d o wnstream . 

MAGNITUDE AND FREQUENCY CHARACTERISTICS 

Ta b l e 4 li sts average max imum 4 consecut ive d ay 

and 3 5 c o n sec u tive d ay l oad s a s a percentage of the 

s easonal load. Becaus e only a s ma ll fraction of the 

tot a l loa d i s tran s p ort e d during win ter t hese 

va lues are approx imately e q uivalent t o propor t i o n s 

o f the annual load and ther e fo r e r epresent 1% a nd 

10% of the time res p e ctivel y . The highest f o ur 
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consecuti ve d a y load ranges from 4 to 40½ of the 

seasonal tot a l load i s and aver ages about 20% f o r 

the stations analysed. Fo r indi v idu~l year s t he 

range is greater than this with a max imum of 72% 

(Wi llow Creek) and a minimum of 2.9% (Saskatchewan 

River below Tobin Lake). The highes t 36 consecutive 

days account for bet ween 25% ~nd 90½ of the 

seasonal tot a l load and in some years approaches 

100½ in Swift Current Cr eek and the Carrot Ri ver . 

Generally speaking the highes t proportional 4 

and 36 day loads occur in the streams draining the 

Rocky Mountains and Foothi ll s (the Oldman River , 

Wil low Creek , th e Elbow River, the Highwood Ri ver 

and the upper Red Deer River) and also in the two 

Prairie source streams (Swift Current Cr eek and the 

Carrot River) . The larger mainstem Prairie rivers , 

as well as those strongly influenced by upstream 

flow regul ation (Bow River at Calgary, South 

Saskatchewan River at Saskatoon and Saskatchewan 

River bel o w Tobin Lake) , have much lower 

proportions of the total load transported during 

short time periods. The glacier-fed North 

Saskatchewan River at Whirlpool Po int a l so has 

relatively small sediment l oads transported by peak 

a nnual e vents. 

Figure 13 shows some examples of c umul ative l oad 
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duration curves from the long-term stations. Index 

v a lue s from these and the other long-term stations _ 

are giv~n in Table 5. The po~tern o f variation 

between st a tions is similar to tha t for the 4 a nd 

36 day loads. Greater proportions of the total load 

ar e trans ported by short durati o n e vents in the 

e astern slopes strea ms (particularly the Oldman 

Rive r and Will o w Creek ) and in the Pr airie-source 

strea ms (Swift Curr e nt Cr eek), tha n in the large 

Prai ri e r i vers (Sout h Saskat c hewan Ri ver at Highwa y 

41 a nd near Lems ford a nd the Re d Deer River n ear 

Bi ndloss) . The c on seq u en c e i s that the pr o port ion 

of the t ota l l oad t ranspor t ed in a given p e r c entage 

of t h e time dec r eases downstream along the main 

river s . For e xample , along the Oldman River the 

percentage of t he tota l l oad t ransported i n 0 .1 % 

o f the t i me decreases downstream from 2 0 % a t 

Br oc ket , t o 18 % at Let h b r idge , 8% at Hi ghwa y 41, 4% 

n ear Lemsford , an d 2 % a t Ou tlook . A si mil ar patt e rn 

c a n be seen on the Red Deer River . The curve for 

the gl ac i er- f ed upper North Saskat c hewa n River 

res e mbl es t hose of the ma in-s t em Pra i r i e st reams . 

I t s hould be point ed out t hat these percentage 

l oad s in p er c e nt ti me ar e calc u l a t ed fo r season al 

data onl y ( i. e . f or the per i o d April t o Oc tober) so 

that the stations wi th o n l y s easona l d a ta could b e 



--
ihcluded in ~he analysis. On average 95% of the 

annual load is transported during t~e open-water 

season and there fo re , if the calculations were 

made for the whole year the percentage of the 

annual load transported in a given percentage of 

the time would be greater than reported here. 
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This p attern of changing magnitude-frequenc y 

characteristics across the drainage basin is 

similar to that shown by Dickinson and Wall (1977) 

in their analysis of regional differences in Canada 

(see their Figure 6) except that their Prairie­

source streams plot to the right of the l arge 

Prairie streams wit h Mountain sources rather than 

on the extreme left as in Figur e 13. The 

explanation for this difference may lie in 

Dickinson and Wall's (1977) choice of Prairie-

source streams . It i s possible that the large 

streams suc h as the Red River or Assiniboine River 

i n Manitob a h ave cumulative d uration curves of the 

form shown by Dii:_ : .. inson and Wall (1 977 ) for 

Prairie-source streams . 

The differences in the relative significance of 

short duration events in the tot a l sedi ment load of 

these strea ms may be related t o differences in 

dr ai n age area as well as the hydrological regimes 

(Wolman and Miller,1960). Thus, the e astern slopes 
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have annual regimes in which a l arge proportion of 

the annual load is transported in o~ly one or two 

months (us ually Ma y and June) . Similarly the annual 

regimes of the Prairi e - sou r ce s t rea ms are d o minated 

by a single spring runoff event. In contrast, the 

large Prairie streams have spring and s umme r peak 

loa d period s of longer duration than either of the 

previous t wo g r oup s . In a d d ition, it is like ly that 

t he s maller bas in s are mor e s trongly affec t e d by 

int e nse st orms th a t cover a limit e d a r e a th a n ar e 

the large Prairie b asins . 

Th e p ossib l e i n fl uence of d i fferen ces i n th e 

disc h arge regime on the magn i tude- frequency 

characteristics of sediment transport can be seen 

i n F i gure 14 . Here the percentage of the seasonal 

tota l l oad transported by t h e highest 1% of daily 

l oads i s p l otted against the graphi c a l d ispersion 

an d skewness o f the dai l y f l ow duration cur ve . 

There is a c l ear positive c orre l a ti on between t he 

proportion of t h e seasonal l oad t ranspor t e d i n 1% 

o f t h e t i me and both the disper sion and s kewness of 

the fl o w duration curve . Pr e s uma bl y t h ese 

di f f erenc es in fl o w regime and d ischarge duration 

may in t ur n b e rel a t e d t o dr a inage a rea , a nd o t her 

physic a l prope rti es of the dr a inage bas in s as we l l 

a s to differences in the precipitati o n and snow-
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' 
melt inputs to the streams. Explana tion of the 

differences in temporal patterns of sediment 

transport in these terms has not been attempted but 

is an impor tant future step. 

SUMMARY AND CONCLUSIONS 

The suspended sediment tra~sport characteristics 

of streams in the Saska tchewan River basin show 

con s iderable variation across the b as in becau s e of 

differences in geology , phys iograph y , hydrolog ical 

regimP. and ~rainage area . 

Estimates of mea n ann ua l s ediment loa d a r e not 

directl y compar abl e bet ween stati ons b e c a use of 

d i fferen c es in t h e l ength an d p er i od of record . 

Ho wever , the est i mates indicate t h at pr i or to the 

c o nstr uc tion o f t h e Gardi n er Dam on the South 

Saskat c h e wan River and the Squ a w Rapids Dam on t h e 

Saskat c h e wan River, the combine d mean annua l l oad 

of the North and South S askatchewa n Ri vers was 

about 9 mil li on t o nnes of whi c h abou t two th i rds 

was der i ved from t he Sout h Saskatchewan River. The 

Re d De er Ri v e r badl a n ds a nd Oldma n River bas in 

upstream of Let h br i dge a c c oun t f or a l ar g e 

proport ion o f the loa d of the South Sas ka tch e wa n 

River . Si nce t he c o n str uc t i o n of the two d a ms , the 

loa d o f the S o uth Saskat c h e wan River h a s been 
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deposited i n Lake Diefenbaker and that of the North 

Saskatchewan River in Tobi n Lake . N~verthel ess , the 

Saskatchewan River at The Pas still transports an 

average of slight l y over 2 million tonnes per year 

most o f which a pparent l y is derived from ban k and 

lake shoreline erosion in t he Cumberland De lta. 

Mean annual sediment yield increases d ownstream 

along the ma j o r rivers between the Rocky Mount ai ns 

and the Saskat chewan Plains. The highest yields are 

r ecorded a long the lower Red Deer River and Oldman 

Rivers . The high yield f rom the upp er North 

Saskatchewan River which r eceives a l ar ge f low 

contribution f rom glacial mel t i s an exception to 

this pattern . The pattern o f sediment yie l d along 

the Saskatchewan portions of the main river s i s 

di sturbed by the presence of t he l arge reservoirs . 

There i s a tendency among the st a tions analysed 

for mean annua l yield to increase wi th increasing 

dr a inage area because of the l ar ge amount of 

sedi men t contributed fr om the Plains portions of 

the Red Deer an d Oldman River basins compared to 

t hat supplied from the Mountain and Foothills 

portions of these basins . This i s c ont r ary to t he 

dec rease in yiel d with area normally foun d in 

f a irl y small agricultural basins . In the case of 

these muc h l arger b asi ns the changes in yield 
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a cross g eologica l and physiographic boundaries and 

the occurrence of sediment traps such as reservoirs 

l eads to a more variable p attern of downstream 

cha nges in sediment yield. 

Th e annual sediment regi me of a st rea m closely 

follows th e discharge regime stream except that 

sediment transport peaks tend to be more pronounced 

and of shorter duration than the annual peaks in 

discharge . In the Saskatchewan River basin the 

annual sediment regime changes d ownstream along the 

main streams . Generall y , c lose to the Rocky 

Mountains, there is a single peak in May or June 

which is responsible for a large proportion of the 

annual load . Further downstream on the large 

Prairie streams thi s peak occurs in June and July 

and is often preceeded by a sma ller peak in April 

due to spring runoff from Prairie tributaries . 

Thes e tributar i es have almost their entire annual 

load concentrated in this one event . These 

differences in regime have consequences for the 

magnitud e and frequency characteristics of sediment 

transport in these streams . 

The f orm of the daily concent r ation and yiel d 

duration curves varies acoss the basin . I n general 

both the measures of graphical di s per s ion and 

skewness f or these curves are greatest in the 
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intermediate size basins c l ose to the Rocky 

Mountains and in the two smal l Prairie-source 

streams . Downstrea m a l ong the main rivers , a s 

drainage area increases, the dispersion and the 

skewness decline. Once again the glacier-fed upper 

North Saskatchewan River is an exception to this 

pattern and has duration curves very simi l ar to 

those of the large Prairie streams . It is not known 

why these differences occur but they are presumably 

related to the hydrologic a l charact e ristic s of the 

b as in as we ll as to the sediment source dynamics. 

The inter mediate s ize bas ins cl ose to the Ro cky 

Mountains as we ll as the s ma ll Pra ir i e - s ourc e 

streams also tend to have the most skewed 

c u mu l at i ve l oad duration c urves . Th is means t hat a 

g reat e r p roport ion o f t he t o t a l s e d imen t loa d i s 

tr a nsp o r t e d b y short dur~~ ion ~vent s than i s th e 

cas e f o r the l a rger Pra i r ie strea ms . Fo r e xample, 

f or the s e ason a l p e ri od Apr il to October the 

highest 1% o f t he l oad duration curve i s 

r esp o ns i b le f o r between 40 and 74% o f the t o t a l 

l oad in the small er b as i ns a nd between 12 and 35% 

of t he l oad in t he l arge Pra irie s t reams an d the 

upp e r No r t h Saskatc hewa n River. Thus there is a 

cons ider a ble change in the magnitude-frequenc y 

char a cteri s tics of sediment transpor t downstrea m 
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along the stream system. This is expected given the 

changes in drainage area , topograph~ and discharge . 

regime that occur along these streams, and agrees 

with previous analyses . 
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- FIGURE CAPTIONS 

Figure 1 Physical Geography of the Sask~tchewan River Basin. 

(a) Drainage system and physiographic regions 

(b) Relief 

(c) Mean annual precipitation 

Cd) Mean annual runoff 

Ce) Natural vegetation 

2 Long-Term Water Survey of Canada Sediment Monitoring 

Stations 

3 Mean seasonal suspended sediment load at WSC sediment 

stations 

4 Cumulative d eviati on from the mean annual sediment 

load from 1963 to 1983 at selected stations. 

5 Mean seasonal suspended sediment yield at WSC 

sediment stations. 

6 Mean seasonal suspended sediment y ield versus 

potential sediment contributing area. Stations are 

identified by abbreviated WSC station numbers . 

7 Mean seasonal suspended sediment yield versus 

potential sediment contributing area for sub -basins . 

Stations are ide ntified by abbreviated WSC station 

numbers. 

8 Annual load/flow ratio at WSC sediment stations. 

9 Annual flow •nd load regimes for selected stations. 

10 Patterns of seasonal hysteresis in ·the relationship 

between monthly flow and monthly load. 
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11 Daily suspended sediment yield duration curves for 

selected stations. 

12 Daily suspended sediment sediment concentration 

duration curves for selected stations. 

13 Cumulative load duration curves for selected 

stations. 

4 2 

14 Relationship between the cumulative proprtion of the 

total load transported in 1½ of the time and the 

dispersion and skewness of the daily discharge 

I 
I 

duration ,:urve. 
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T.l: Loog-Tenn Cootil'lJOOS arx.t Seasooal Sedinent Statioos in the Saskatche,,en River Basin 

Station 0ra· Peri cxf of Sedirrert: Record 
Station Nciie ttii6er Arel~J Cootil'l.lOOS Seasooai 

Cro.,,,snest River at Frank 0W.008 402 1978 1976-77, 1979-80 

0lctnan River near Waldron 1s Comer 05/v\023 1 440 1977-78 1976, 1979-83 

01 dnan River near Brocket 0W.024 4 400 1967-78 1966, 1979-83 

Will°"' Creek near Claresholm 05AB021 1 100 1965-74 1954 

Will°"' Creek above Chain Lakes 05A.8028 162 1967-77 1965-66 

0ldnan River near Lethbridge 05AlXXJ7 17 CXX) 1973-78 1972, 1979-83 

South Saskatchewan River at Highway #41 05AK001 66 CXX) 1967-78 1966, 1979-83 

M:lnrot Creek Main Sten near Seebe 058F016 9 1964-78 1963, 1979-83 

Bo,,/ River at Calgary 058H004 7 ?SJ 1973-78 1972, 1981 

Elb°"' River at Bragg Creek 05BJ004 792 1968-69, 1971-75 

High½OCXI River near the rrouth 058L024 3 990 1972-78 1970-71, 1979-80 

Red Deer River at Red [)?er 05CC002 11 600 1972-73, 1978 1971, 1974-77, 1979-83 

Red ~er River at Drumeller 05CE001 24 8Xl 1977-78 1975-76, 1979-83 

Red Deer River near Bindloss 05CK004 44 700 1967-78 1966, 1979-83 

South Saskatche.-1aT1 River near Lensford 0:f-18001 119 CXX) 1962-70 1966 

S,vi ft Current Creek near the rrouth 0:f-10037 3 910 1965-72 

South Saskatchewan River near Mlook 0:HFOOl 136 CXX) 1948-52, 1955-61 

South Saskatchewan River at Saskatoon C8-itml 141 CXX) 1962-71 1951 

North Saskatchewan River at WnirlPoOl Point 05Q!\009 1 920 1973-75, 1977-78 1972, 1976, 1979-81 

tt>rth Saskatchewan River at Pri nee Albert ~l 131 CXX) 1963-75, 1977-78 1958, 1962, 1979-83 

Carrot River near Sroky Bum 051<C001 9 250 1972, 1974-79 

Saskatchewan River bel™ Tobin Lake 05KOOJ3 289 CXX) 1966, 1969-70 1965, 1967-68 

.tche.-1aT1 River at The Pas 05KJ001 347 CXX) 1963-1983 1954-61, 1962 



-T.2: f,'ean Seasooa 1 SedillBlt Lm:l am Discharge 
~Seasooal 

Statioo Tel~ ~ (trm2s~sk~J::(~Slc~ Statioo ftlie tbi6er 

Cro.,,osnest River at Frank 05AA.008 107 8Xl 2 500 23.2 -0.41 

0lCJ11aJ1 River near Waldron's Comer 05AA023 307 000 17 000 46.1 1.33 

OlCJ11aJ1 River near Brocket 05AA.024 1129 000 260 (XX) 28.5 1.66 

Will™ Creek near Claresholm 05AB021 96 600 53 000 37.0 1.70 

WillCJM Creek above Olain Lakes 05AB028 31 8Xl 6 CXX) 45.2 1.86 

0ldnan River near Lethbridge 05l\lXXl7 2 015 000 1 451 000 32.5 1.63 

South Saskatchermn River at Highway #41 051\KOOl 4 492 000 2 786 000 18.3 0.94 

ManTX)t Creek Main Stan near Seebe 05BF016 3 740 25 24.5 2.64 

Bo.-/ River at Calgary 05BH004 2 107 CXXl 28 200 27.6 0.64 

ElbOfl River at Bragg Creek 05BJ004 226 000 23 300 36. 7 0.90 

Hi gh'r\O'.XJ River near the rrouth 05BL024 561 000 124 000 28.2 0.67 

Red Deer River at Red Deer 05CC002 1129 000 213 000 27.4 1.39 

Red Deer River at Drumeller 05CE001 1174 000 572 000 20.8 0.35 

Red Deer River near Bindloss 05CK004 1 634 000 2 000 000 18.5 1.05 

Sooth SaskatchEwan River near Lansford 05HB001 7 022 000 6 020 cm 18.3 0.21 

Swift Current Creek near the nu.rt.h 0910037 80 000 . 67 cm 52. 2 1.41 

Sooth Saskatche.-1an River near OJt look 0:tlFOOl 7 831 CXXl 5 270 CXXl 31.6 1.24 

South SaskatchS'lan River at Saskatoai 091CW1 ( 1962-66 6 924 cm 2 700 000 19.3 0.18 
(1967-71 4 290 cm 568 000 61.3 1.42 

North Saskatche.-1an River at Whi r l pool Point , 05DA009 1 480 cm 235 cm 6.1 -1.50 

f'brth Saskatche.-1an River at Prince Albert, 05ffi001 6 455 cm 3 010 cm 20.6 1.33 

Carrot River near Sloky Bum 05KC001 294 cm 156 cm 33.7 1.99 

. tche.wa.n River belCJM Tooin Lake 05KIXX)3 10 820 000 92 cm 30.5 1.04 , 

Saskatche.-1an River at The Pas 05KJ001 19 CW 000 2 110 000 15.7 -0.10 



-
T.3: Grajxlical Di~rsioo arrl Skewll:SS of Daily SediITBTt Yield arrl Coocentratioo Cliratioo Curves 

Statioo 
Daily SusJ:a}ded ~iITBTt Daily5.rspeooed~i~ 

Yield (t 1cm ) ~r~~ioo (JTJJ_ (.) . _ Statioo Nciie ftnber Di"spei-si oo Skeiiess Dispersioo Sk6'fleSS 

Cro.vsnest River at Frank 0:M008 23.1 0.95 9.3 0.25 

0lctnan River near Waldron's Corner r:JSAA023 81.3 l.CXi 14.8 0.99 

Olctnan River near Brocket 0:M024 156.6 · 1.41 29.3 0.85 

Wi 11 ™ Creek near Cl ares ho 1 m O::AB021 204. 7 1.42 42.2 0.60 

Wil 1 ™ Creek above 01ai n Lakes 05A.8028 188.1 1.75 24.4 1.00 

0ldnan River near Lethbridge 05AD007 139.7 1.79 20.7 1.11 

South SaskatcheNa.n River at Hi ghway #41 0511.KOOl 125.6 0.83 29.0 0.38 

Ma.mm Creek Main StBTI near Seebe 05BF016 13.5 1.36 6.2 1.18 

BON River at cal gary 05BH004 18.5 0.95 8.6 0.56 

ElbrM River at Bragg Creek 05BJ004 75.8 1.95 21.1 1.63 

Highv.OCX:i River near t he mouth 05BL024 127.8 1.73 31.8 1.04 

Red Deer River at Red Deer 05CC002 123.9 0.90 29. 3 0.73 

Red Deer River at Drumeller o:a:001 79.9 0.77 38.1 0.60 

Red Deer River near Bindloss 05CK004 57.1 0.65 13.5 0.45 

South Saskatche....an River near Ler5ford 0:HBOOl 48.2 0.41 12.1 0.03 

Swift Current Creek near the mouth 05H0037 292.6 2. 42 37.6 1.12 

South SaskatchB-lan River at Saskat(X)fl 0:Hml(l962-63 44.0 0.57 13.2 0.28 
(1967-71 97.4 0.41 17.1 0. 31 

t-brth Saskatche....an River at Whi rlpool Point • 09:lA009 40.9 -0.85 11.0 -0.34 

t-brth Saskatche,.,,an River at Pri nee A 1 bert 0:OOXJl 46.6 1.02 8.8 0.41 

carrot River near Sroky Bum 05KC001 145.1 2.77 14.3 0.64 

Sai tche....an River at The Pas 05KJ001 18.1 -0.17 6.9 -0.34 



-T.: Percentage of the Seasooal L.ooo Transported IAJring the Hige;t Four am Thirty-six C'.onsecutive Days 

Statioo Naie 

Crcwsnest River at Frank 

01 ctnan River near Waldron I s Comer 

Oldnan River near Brock.et 

~illo.-1 Creek near Claresholm 

~illo.-1 Creek above Olain Lakes 

~lcman Ri ver near Lethbridge 

South Saskatchewan River at Highway #41 

11.amot Creek Main Sten near Seebe 

hi River at Calgary 

:lbo.-1 River at Bragg Creek 

iighw::xxi River near the rrouth 

{ed Deer River at Red Deer 

{ed Deer River at Drume l l er 

~ed Deer River near Bindloss 

South Saskatche,...,an River near Lansford 

:iwi ft Current Creek near the rrouth 

3outh Saskatche.van River near M l ook 

;outh Saskatchewan River at Saskat(X)(l 

-lorth Saskatcherian River at Whi rlpool Point 

brth Saskatchewan River at Prince Albert 

:arrot River near Sroky Bum 

iasw e,...,an River belCM Tobin Lake 

iaskatche.-fcm River at The Pas 

Siatioo 
ftii6er 

OStV\008 

-- 05AA.023 

0StV\024 

0:AB021 

05t\8028 

WuXXJ7 

05AK001 

05BF016 

058H004 

05BJ004 

058L024 

05CC002 

0:CEOOl 

05CK004 

0:t-!B001 

05H0037 

0:t-!FOOl 

~ Pert:eritage of Seasiml l.(af ~ Pert:eritage of Seasalal Loac 
r ransported n:in iij fff ifiest rrur r rans ported Din ng m gies1: Thi r1 
Cciisecufi ve Oays sti: CoosecuHve Days 

13.7 26.7 

22.5 65.3 

28.3 65.8 

33.4 67.9 

39.8 70.2 

22. 7 66.2 

19.6 63.7 

22.0 64.5 

10.2 44.1 

34.8 87.1 

32.4 70.8 

24.3 56.6 

19.6 45.2 

15.6 48.9 

15.7 48.5 

36. 7 S().2 

10.2 41.2 

05H(lX)l (1967-71) 10.0 47.9 
, 

05DA009 10.6 33.1 

CB;(lX)l 11. 7 45. 7 

05KC001 24.5 84.8 

05KD003 3.9 24.4 

05KJ001 7.2 35.2 



T.ABLE 5: ~ of the Seasooal L..ooo Transix>rted in O. ls l aoo 5% of the Tine 

- Percentage of Seasooa l Looo 
Statia, Transported in Percentage of Tine 

Statia, Naie rtnt>er (}:ii ti 5% 

Cro.vsnest River at Frank 05Mro3 5 30 60 

01 dnan Ri ver near Waldron I s Comer 05ANJ23 18 62 82 

Oldnan Ri ver near Brocket 05AA024 20 55 81 

Wi 11 OM Creek near Cl ares ho l m 05AB021 15 55 82 

Wil l OM Creek above 01a in l akes 05A.8028 20 74 91 

0ldnan Ri ver near Let hbridge ()5AIXX)7 18 48 78 

South Saskatchewan River at Hi ghway #41 0:AKOOl 8 35 62 

Manrot Creek Mai n St811 near Seebe 05BF016 15 45 65 

BON River at Calgary 0:6H004 5 30 55 

ElbOM River at Bragg Creek 05&)004 8 48 82 

Hi gh1..ooo River near t he rrouth 0ffiL024 11 42 78 

Red Deer Ri ver at Red Deer 05CC002 12 42 73 

Red Deer River at Drume 11 er 05CE001 5 28 61 

Red Deer River near Bindloss 05CK004 6 32 63 

South Saskatcherian River near L811Sford 09-iBOOl 4 23 52 

Swift Current Creek near the rrouth 09-i0037 15 70 95 

South SaskatchcWan River near OJtl ook 09-iFOOl 2 15 40 

South Saskatchewan River at Saskatoon 09-iG'.X)l ( 1962-63 3 30 60 
(1967-71 10 50 73 

ltlrth Saskatchewan River at Whi rlpool Point 0:DA009 2 12 30 

f'brth Saskatchewan River at Pri nee Albert 05GG001 5 25 52 

Carrot River near Smky Bum 05KC001 5 50 85 

Saskatchewan Ri ver bel OM Tobin Lake 05KIXX)3 1 10 30 

Sc9tche.-,an River at The Pas 051<J001 2 12 32 
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