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~ ABSTRACT

= .. In the study area, the.Sohth Saskatchewan River has y
a sqndy bed (mean diameter: :3 mm) With irrégularlyﬁshaped |
braid bars termed sand flats. Theée raﬁge in léngth from 50 -
to.20Q0 m. - The river has an averaée dischargé of 250’m3/sec,
yith'; mean annual ‘flood of 1450 ﬁ3/sec. The‘river has been
dammed upékreém of the study -area since 1965, but little |
downcutting has occurred. “ |

Ribblgs; saqd‘way?s and dunes are the eqdiliﬁrium E
bedforms present.. Ripéles and dunes'a;e we}l.known, but sand
waves are long:, loQ bedforms with suberimposed ripples, lack
scoﬁr trﬁughs} and occur at lower'flow.veldcities:than dunes.
Foreset—type baré are élso present, but are not:equiiibrium
forms.. -They.result from flow expansion around older topo-
graphy. The§ oécﬁr'at kl)-chaﬁnél jﬁncfioﬁs, (23 channel
bendéy (3) areas 6? chénney widening; (4) plaées of vertical
flow expangiop. They deposit planar crossbeds. .

Largé areas of-thé fivér hav§ ﬁény-sand fiaﬁé.wiph.no
major.channelgp and may even lack minor channels. These areas’
are termed saﬁd flat_complexes.. Where a ﬁajor chénnel’curves
around a sand flat'complex,_a large'diégonal'bar is deﬁosited;

It is,méinly on the, tops of these bars wheré new sand flats

form. : . _ .

iif
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The .major channels rarely exgeed 5 'm in depth, but

‘may be 150 m wide. They'are floored by sinuoué—crestéd dunes’
with sand waves.aha rippleé along their margins. The dunes
build up during f&oods (2 m maximum,amplitude). Larger dunes
occur in the deeper channels, |

‘Threé different morphologies of smal} sand flats,
symmetric, ésymmetric and'side, have been reéognized:ﬂ éach
type forms from a bar which becomgs partly immoﬁilized where’
it becomes emergent. The remainder of the bar front conFinﬁes

1

to advance around this -emergent nucleus. The différent
morphblogié; result bécause of the control ekerted by pre-
exist;ng deposits on'ﬁhé'shape‘of tﬁe initial bar.

Largér saﬂd flats lack these mo?phologiés because fhey
have been exten§ig§iy modified. The major procésses of modi-
fficatiqn are vertical,-iétefa&,.and'upstream accretion By
barg; linkﬁng of sand fla;é by bars; erosional acéion. "The

L4

variable morphologies of‘iargér sand flats reflect only_théir
’ ' E

latest modif$;§tion. The stratification of sand flats is

.maiﬁlf plaﬁar crossbed sets deposited b& tﬁe bars.

During the'wihter, a 60 cm thick layer of ice covers
the,entire_systeﬁ.‘_Thé'sand flats are immobilized because
their toé layers of sediments are frozep.' In éome places,
thgi; surfaées are digygpped by'fluid escape.ééused by higﬁ
poée pfessures genecrated by freezing. 'F;ow‘proceeds dowp the
channels ugdér tﬁe'iée; Rafting of gobbles and scouring‘arguné

groﬁnded ice-block¥ takes place at breakup.

Liv,
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The facies sequences resulting from sedimentation in

-

the river are mainly sandy. Those which are depositéd by
qhannels consist dominantly of trough cfossbeds, but lone

planar crossbed sets may be present, deposited by large bars.

Facies sequences which include sand flat dgposits have several

”j [

Sets of planar crossbeds stacked on top of one énothe;. All

sequences have a zone of small crossbeds and ripple cross-
. =, :

f

~ lamination near the tops, resulting from shallow water

deposition. They are capped by one-half metre ofimUddy_flood—

plain deposits.

-
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CHAPTER 1

THE SUEDIMENTOLOGY OF BRAIDED RIVERS

AND THE CONTRIBUTION OF THIS STUDY

INTRODUCTION

Alluvial rivers m;y be meandering, braided{ or straigh§
in plan’view. Aithough.straight rivers.are less common than
, £he others, each type exists inxnature on widely varying
scales, from streams a few metres wide to rivers teﬁs of kilo-
metres wide, draiﬁing landmasses of gontinéntal-proportions.
This thesis concerns a braided‘river intermediate in size
. between these two extremes. A braided river is oﬂe flowing in
severgl dividing and reuniting channels, the cause of division
being obg;ruction by sedimént depoéited by tﬁq stream (American
Geological lnstitute, 1357).

Aléhough'the fuqdamental causes of braiding are poorly
understocd, several conditions present in many natural gtréams
pronote braicding:

. 1) h%gh rates of supp}yﬂof ;and—to—géavel—sized
sediment: . f. -
2). easily erodible ponlcqhesive baﬁks;
35 rapicd, high;maﬁnit Se changeg in discharge;
4) high regicnal slopgs. ' . T

‘/:l .'.‘

/

/
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High rates of supply of coarse sediment contribute to the
inability of the stream to treﬂsport all of its load, parti-
cularly at lower stages. Easily erodible banks allow the
stream to adjust laterally to the presence of mid-channel
bars. Rapid, high magniépde discharge fluctuations cause
variaéiens in the ability of the stream to transport sediment,
and also contribute toward instae;lity in streaﬁ banks. On
rising stages, banks are commenly undercut, and on falling
etages, dgainage'of“water ffom bank sediments may cause
slumpiné.‘ High regional slopes enable streams to transport
coarse sediment and to erode banks.during periods of high
discharées; Rivers which satisfy two or three of these con-
@itions may be braided. |

Braideﬁ rive;s are common in perig;aeial and semiaria
environments. In both, physzcal Qeethering brovides~large E
amounts of coarse clastic sediment. Dlscharge fluctuatlons
occur in periglacial areas because of seasonal and dlurnal
temperature variations. Im,semlarld enVLronments, intense
storms cause flash floods, partly because of éhe lack of
vegetation which would otherwise moderate:the rate of run;off.
Braided rivers are not restricted to these enei;onmenps,
however. " Rivers which draln young mountaln belts may braid
‘because of the large supply of coarse clastlc detritus which
they receive. 'In most of these cases, seasonal snowmelt in
the mountalns causes discharge fluctuatlons of ‘'major propor-

tions. ., Rivers which flow through areas where large amounts
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of unconsolidated sand and gravel are present may braid. In

. this case, braiding is a response to the amount of coarse

sediment supplied.

Braiding, therefore, is apparen£ly‘the result of the
inability of a river to transport all or part of its load at
lower stagés. Channel division increases the ability of a
riéer to transport large amounts of bedload .(Leopold et al,
1964). If the bedload transport rate of a‘braided stream is
(on the average) the same as the rate of sediment supply, then
the stream‘may'approach equilibrium while maintaining a

braided pattern.

BRAIDED RIVERS - THE STATE OF KNOWLEDGE

N

Despite the fact that much is known about specific

braided streams, few generalities about them can be inferred

at the present tgme. Smith (1970) has shown that a proximél

to distal trend from a gravelly to sandy bed exists in the
flatte River éyspem. The grain size.change is accompanied b§
a change in bar ;ypé from longitgdingl 5ars to foréset—typé
transverse bars. Boothroyd (1972) has extended the concaét
of this trend to more proximal enVironﬁeﬁEs with steeper
slopes and cdarser grain sizes. AAlthough in nature a con-

tinuous gradation exists between the two types, sandy and

"pebbly systems will be treated separately here:



Pebbly Braides <Creams

This review of -ebbly braided stream studies will be
brieé because many &f these are not directly rélateq to the
subject of this thesis. The main part of the re&iew will be .
prgsented in table form containing the important points or
theme of each paper.” After the table, the major trends in the
research will be discussed.

TABLE 1

A REVIEW-OF PEBBLY BRAIDED STREAM STUDIES

«

Author Year . Main Points or Theme
. Leopold and 1957 An excellent discussion of the
Wolman

» - fundamental hydraulics and processes
of braiding. Braiding results_from
. _ X a stream becomiﬁg'incompétent to.
transport part 6f ;ts load. .The
lag deposit formed becomes a
nucleus for mid—channel'bé£ growth.
Doeglas ., 1962 An eérly description of two braiaéd
' ” streams ‘and some résulting's£r5ti—
ficatioh. Fluctuations in river
2 stage‘Were shown to be responsible
for the deposition of silts in

cut—off‘channelsf



TABLE 1 {Continued)

Author " Year Main Points. or Theme
Krigstrom 1962 .A very good descriptive treatment

‘ *
of a braided system which intro-

duées the term spool bars., Many
of the bar morphologies and pro-
cesses described here appear in

later studies.

Fahnégtock ) - 1963 °° By time lapse photography, the very:
; ) ) ' o rapid shifting of shallow channels
} ‘in a steep proximai system was
demonstrated. Antidune forms oh:
the water suTface were described

from some channels.

Ore - 1963 Pebbly longitudinal bars were

interpreted as resulting from the

P

deposition of the coarsest bedload

o A . " ffaction. These bars had discon-

tinuous horizontal stratification .
: -internally.

3 . . T .

Williams and 1969 A very complete description of a.

Rust coarse grained braided-system in

terms of facies from channel bottom

\\N//~\ " to floodplain.
\ . . W
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TABLE 1 (Continued)
' Author !

Year Main Points or Theme
3 0

iSmith 1970 Pebbly braid bars were présent in

. ~ the proximal portioné of a braided
river. The internal structure %f
a bar was crude parallel stratifi-
‘cation.

McDonald and 1971 Channels were described in terms
Banerjee of pools and riffles. Regularly

spaced ridges of large clasts on

the riffles were fermgd transverse .

ribs, and interpreted as equilibriﬁm

bedforms.

Rust ' 1972 The internal structures of pebbly
braid‘bars-we;e shown to consist
of poorly defined horizontal strati-
fication. A hypothesis for bar
development is advanéed, involving .
accretion at the upstream end and
erosion .at the downstream end;

resulting in upstream migration.
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Author

Boothroyd

Church

Fahnestock

"and Bradley

Bluck

19

1973

- 1974

I
. o
TABLE 1 (Continued)
Year *Main Points or Theme
1972 A well-illustrated study which

incorporates description of the
system, along with hydraulics of
sediment transport. Sedimentary

structures are partiéularly well

ustrated.

A hydrgulic analysis and quantita-
tive descriptigon of a braided

\

system, but few\real advances.
i

y

A contrast is dréwn between a steep
high energy braided streamkwitﬁ
another on a lower slope subject

t§ glacial breakout floods. 1In

the former river, rapid lateral
channel shifting occurs, but in

the 1éttér, change is slow at

normal stages.

A model is presented fér the lateral
growth of a bar on the_baék of a
riffle. An_attémpt is méde to
uﬁdérstand the relétionships between

bars in a complex braided system.



Authorxr

Gué%avson

Hein and
Walker

Boothroyd
and Ashley

Church and
‘Gilbert

TABLE 1 {(Continued) ;

Year

1974

4

in press

1975

1975

Main Points or Thene

\ / .

A descriptive treatment of a pebbly
. N f ’

braided river. The int%rnal

stratification types of bars, pools,

and riffles are dacumented.

A model is developed. for the growth
of some bara‘from-diffuse gravel
sheets. Theéi ceased télmove,
becoming a lag\deposit araund

which the bar grew. .

N
Downstream changds -in sediment
size, bar morpholqagy and processes
are documented from a very proximal

outwash fan.

~An ektensive"aiscuﬁsion of the

hydraulics of braiding, along with
a quantitative description of many

aspects of braiding.
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years.

Much of the early work (Doeclas, Krigstrom and

" Fahnestock) was directed towards qeno"“l description of.

pebBly braided streams. ' This is a necessary step in the
investigation pfiany sedimentary enviremment. Leopold and
Wolman's work was exceptional for its *time, in that a hVGraulic
explanation forabraiding was atfemptéd. Little progress has

been made along thls line of research for at least fifteen '

P

A4 "
",

Williams ‘and Rust (19¢9) continued the descriptive

trend, but utilized a facies approach. Smith's work (1970)

‘was essenhtially descriptive, but internal structures were

1nvestlgated unlike most earlier studies.

Aftdr this p01nt, few studies were glrhctod towards

a simple de crlption of a braided system. Later work con-
‘ . . 5
centrated on specific aspects such as transvesrse ribs

(MéDonald and Banerjee, 1971), or on developing médels for

bhar, growth (Rust, 1972; Smith, 1973; Heln and Walker, in- pres:)

Anofher trend which was taking place was an 1ncbease in

‘h}draulbc investigation . (Church, 1972; llein and Walker, ih &

+

press, Boothroyd and AShlLYy 1975) .

The trend of the xe:earrh can be suwmarlzed as- pro-
ceeding from general deqchntlon to concnntratlon on_ spa :cific
aspecé&*whlle at the same time affemptnna ‘to qonelal efﬁrom

those SpeC}ﬁlC aspacts, ‘ : ” ‘

u“
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Sandy Braided Streams

S

; Latge sandy braided streams appear to be less common

ithan pebbly systems; as a result, there is a smaller body of

literature?dealing-witﬂ tﬁem.° Io'contrast to pebbly streams,
sandy braided rivere ere comoetent to transport most of their
load~at-mo§t.disoharges. ‘Therefore btaidlng ls not due to
incompetegcy, but results from'over;supoly'ot sediment, i.e.,
incapacity (polemag,_1969) Sandy braldee streamq, being more
dlstal (Smith; 1970) commonly have TONer slopes and less

flas hy dlscharges than pebbly systems.:

e

-

Because'of the dlverslty of the types of sandy bralded
rivers reported in the llterature,,each wlll~be regorted
separately. /’It is not yet p055101e to integrate all the data

collected in the dlfferent studies 1nto a coherent model.

Rs

‘Some oﬁ the general conclu51ons of Leopold and Wolman

(1957). are as applicable to sandy as to gravelly streams. The’

presence of a gentral bar; whether sand or gravel, causes the

channel slopes to be greater than in the single channel case.

The presence of thé bar also causes ‘erosional attack on the’

 banks, promoting widening of the channel.

‘ Cﬁieﬂ.4196l)'has reported on the lower Yéllow River,
a sandy to silty river in ¢hina'wlth Vér& high sedinent .con-

centrations. BAlong its course, the river alternately converges

and diverges. In the narrow reaches, it is deeper with few

braid bars, in contrast to the wider reaches,  where many
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shallow channels and sandy braid bars are. present. The

narrow reaches result from clay plugs in the floodplain,
unerodible cliffs, or river regulation work. Chien documents
changes in locagions of the channelg, relating this to deposi-
tion in one part of the system resulting in progressive diver-
sion of flow to lower parts of the river system.

Brice (1964) published airwphqtos of the Loup River
showing sandy diamoﬂd~shaped braiﬁ-bars. He concluded that
the effect of braiding on a wide_éﬁannel is to render it
hydr%ulically similar to ‘a narrower single channei.

Séndy transverse foreé§t~type bars were déscﬁibed

first by Ore (1963). 'Trenches,in these bars revealed planaf

.

cross-stratification with highly variable,paieocurrent
directions. ' .

.The Brahmaputra River in Bangladesh is the largest
sandy.ﬁraidqd system yet studied (Coleman,.196§). By the use
of aif'pﬁotos.and extensive sampling, éoleman haé analysed.
several hundred years of the riQer's history. Tkis provides
thé mostﬁcompletelundergtandipg yet achieved of'how braided
river systems éhange éhrough time, and therefore of the
relationships between the‘active environment and tﬁg preserved
deposits. \ -

The river- shows lateral expansions and contractigns

with.most braid bars present in the wider reaches. At low

-stages, the river is 'choked by rhomboid-shaped éand and silt

' '-{ bars up to 11 km long, but these rare commonly destroyed or

Lo
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-modified at fl&od étages. Echo soundiﬁg during high stages
;has revealed repetitive or periodic bedforms ranging in ampli-
tude up to 15 m. Repetitive or periodic bedforms are those
which recur several times in a downstream direction,‘in some
cases with a regular spacing. Coleman classified these on the
basis of height as ripples, megaripples, dunes or sand waves.
The class boundaries were arbitrary, corresponding to no
natural divisions. The floodbasins of the river accumulate
up to 4 m éf peat and fine mud, but it is unclear how much of
this is likely to.ﬁe preserved, The sand body accumulating
in the channel near these overbank deposits is about 30 to 50 m
thick, so the proportion of floodplain material is very low,
a common chafacteriétic of braiaed systems.

Collinson (1970) worked on the Tana River in Norway.
The river'deposits consist of: 1) vegetated banks and islands;
2) large areas of exposed sand which are complexes of smailer
bedforms; 3) repetitive en-echelon linguoid bags which commonly
have smaller bedforms superimpose@ on them; 4) dune covered
areas in- the channeis and on the backs of the linguoid bars;
5) areas of low staéé ripplés. Collinson.observed that the
linguoid Sars were inactive at low stage, and begauée of their
large size, they diverted the flow érdund themselves. During
exposure, tﬁesenbars-were commonly modified, with erosional
rounding‘of the slipface creating low angle surfaces. Qhen
the bars. began to readvanée during the ngxt'high stgge, a

*

reactivation structure was formed. WNa hydraulic research was
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carried out in this study, so data is incomplete on the
linguoid bars and the other bedforms in the {;!?r: Collinson
(1971la) showed that the smaller, low stagebbedforms possess

a higher paleocurrent dispersion compared with the larger,
high stage bedforms. A study of the river during the spring
ice breakup revealed ice drag marks and scours created around
‘grounded ice blocks (Collinson, 1971b).

The Tana appears to be very much like the South
Saskatchewan River, judging from published air photos
(Collinson, 1970). Specific parts of the Tana study will be
referred to £hroughout this thesig.

Smith (1970) showed that the Platte River is floored
by transverse foréset-type bars and dunes in the channels.

\\Ehe transverse bars are wide, flat-topped, periodic or
solitary wedges of sediment wiﬁh ripples, dunes, diminished
dunes, or plane bed superimposed on their backs. Many of.the

solitary bars dare localized by the geometry of the situation,

i.e., at channel junctions, while the repetitive forms and the

solitary mid-channel forms are indépendent of the local geo-
metry. The fepetitive forms strongly resemble the linguoid
bars of the Tana (Collinson,'l970). Smith regards both the
solitary and gepetitivé tmes. to be the éame, but this may not
be true. This question will be dealt with .more thoroughly
in Chapter 1V of this thesis.. - -

In a iater~report on the same river syétem, Smith

{1971) elaborated more fully on the Qevelopment‘of transverse
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bars. He showed that they‘assumed a symmetricllobate shape
where their development was unobstructed. Distortions of

this shape were caused by: 1) proximify to stable banks;

2) adjacent strong currents; 3) unsteadiness of flow with dis-
section of the bar; 4) irregular basin depth. Smith demon-
strated that there is a relationship betweén the discharge ¢
over a bar and the active surface area of the bar. If the
total area of the bar exceeds the active area, the bar may
become irregularly shaped due to dissection.

Smith (l97é)valso showed that the lamimations in
transverse bars were produced by the avalanching of small
bedforms over the froﬁt of the bar. The sorting which is
responsible for the laminations takes place in these small
bedforms on the top -of the transvefse bar.

Few consistent trends can be discerned in the litera-
ture on sandy braided streams, partly because of the small

‘number of papers on the subject. One important advantagé.
possessed by investigators of sandy systéms is that the bed-
forms developed in saﬁd are relatively well understood; com-
pared with those in gravel. This results mainly froﬁ
experimental studies in which sand is almost always used
kGilbert, 1914; Simohs et al, 1965; Southard in Harms et il;

1975) .
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AREAS OF INSUFFICIENT KNOWLEDGE ABOUT SANDY BRAIDED STREAMS

A facies model is a summary of the important processes
and deposits 1in a %edimentary environment. The formulation
of a facies model is somewhat subjective, 'and depends on the
definition of the enviropmenf, the type of data collec£ed, and
the means by which the data are integfated.

In order to advance towards the development of a facies
model for sandy braided rivers, it is necessary to understand
the processes and deposits of specific streams. As the litera-
ture review has shown, some sandy braided rivers have been
séudied in detail, but several areas of insufficient knowledge
remain. The major deficiencies are: a) incomplete definition
of subeﬁvigonments; b) inadequate.understanaing of major pro-
cgéses; c) a lack gf knowledge concerning interactions between
majo; elements in braided rivers; d) a degree of confusion
about the types of bars in different systems; e) a shortage of
data on the internal stratification of the deposits. Each of

these areas of deficiency will be discussed individually.

(a)-Definition.of Subenvifonments

To define adequately all of‘the subenvironménts of a
system, a detailed descripfion of the entire systeém must be
made. lEssentiélly only one reéort (Coleman, 1969) attempts to
deséribe all the.subenviroﬁments of the river system béing
studied.. Other reports are selective, with little atténtion

paid to major portiocons of the systems. For example, the large
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exposed areas of sand noted by Collinson jl970) were never
described, Smith (1970, 1971) did not deséribe the floodplains
of the Platte, even though these were mentioned. These
‘gxamples serve to illustrate that another description of a. =e

sandy braided river would not be repetitive; indeed, it will

form part of the vital factual basis of the study.

(b) Processes in Sandy Braided Streams

Although most of the studies cited in the literature

review have contributedﬁ?owérds the understéﬁding of the pro-
cesses in’sandy braided rivers, many gaps in knowledge remain.
The processes which are responsible for building large scale
sand bodies present in the Tana and Brahmaputra Rivers are
unknown.

Some of this inadéquacy stems from a single cause:
great difficulty exists in observihg processes when they are
most efficient, i.e., at flood staées. ‘During these times,
rates of erosion, tragsport and deposition may.be very high,
with the flow achieving its greatest abﬁlity Eo remould its
.beq. High fiood stages on most bfaided rivers cover the bars
with varying depths of fast moving, turbid water, making
direct observat;on imﬁossible. Therefore, high stage proces;es

cohmonly must be inferred from observations before and after

" the flood event..
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(c) Interactions Between Majoi Elements in the System
It is not clear from the literature how major elements
in the systems such as channels and bars interact with one
another. This is important because the presence of pre-existing
braid bars probably influences to a great extent where new
braid bars will begin to form in the channels. It is not
clear whether a bar begins to érow'in a previously widened
area, or the fprmation of a neQ braid bar causes erosion aof
surrounding bars.
The controls on the locations of formation of braid
bars have never been adequately documented in the iiterature.
Chien (1961) and Coleman {(1969) have both stated that b;aid
bars form in wider reaches where the streams.shallow and
expand laterally. The effects of-opher major obstructions to
quasi-uniform flow such as vegetated islands, major river

bends, and bars stabilized by vegetation are unknown.
‘--—/_“\.____/_\—"" »

(d) Bar Types

Several different structures have been described as
the braid bars of the.difﬁerent systems. Coleﬁan (1969)
described sand bars up to 11 km long in the Brahﬁaputra;
presumably these‘are compleges of smaller struétures..
Collinson (1970) described repetitive, slipface-bounded
wedges of sediment in the channels of the Tana RiQer, terming
them lingdoid bars. He considéré@ these to be the importagt

braid bars of the system, neglecting the exposed sandy areas
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which he termed modified linguoid bars. Smith (1970) des-
cribed transverse bars, slipface~bounded wedges of sediment ,
which may bé either repetitive or non-reépetitive. Many of the
non-repetitive forms are localized by the geometry of the
gituation, i.e., at- channel junctions.‘ The repetitive or
solitary mid-channel forms strongly resemble Collinson's
linguoid bars.

. The braid bars of -each of the authors, even allowing
for different terminologies, are different structures. The
relationships between the types of bars in the different

systems are unknown,

{e) Internal Stratification

Although most investigators have reported some details
of stratificatién, few systems have.'been thoroughly studied
in this reépect. A major- reason for this is that the col-
lection of stratification data is time-consuming, difficult

and in- some cases virtually impossible. Box coring in deep,

h Py L e >

fast-movihg water is impractical in most cases because of
scouring around the corer. However, channel sediments may

be investigated if the box coring is done at periods of'véry

ARV S

low flowslwhich are present in some systems. ‘;
"The stratification patterns of some small sandy braid
bars are adequately known. (Smith, 1972). However, for. the
largé, complex forms illustrated by Coleman (1969), little
dafa exist. Collinson {(1970) reported complex side bars,:and
large areas of exposed sand, but no stratification data were

'feported.



THE PURPOSES OF THE STUDY “

General Purnoses

This study was initiated after work on a Devonian sandy
braided stream deposit (Cant and Walker,.l976) showed that
knowledge about this type of modern river was inadequate in
some respects. Because of this stimulus, one of the basic
purposes éf the present study is to collect data to facilitate
the interpretation of ancient rotks. This is best accomplished
by relating the processes in the river as closely as possible
to the different facies of the deposits and their distribution.

Another of the general purposes is to document a pre-
viously undescribed sandy braided river so that it may be
compared to others reported in the literature. This is of
interest because the v&riations in form and process among
streams of this type are not understood. TIn particular, the
variation in bar types between systems is poorly understood,
so investigation af the bars and the reasons for their forma-
tion is a prime purpose. .

These general objectives were apparent before-any
work was started. They arose from consideration of the state )
of knowledge about sandy kraided streams and the inadedd%cies

.in that knowledge.

N
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Specific Purposes

Reconnaissance of the South Saskatchewan River showed
how the general\purposes could be translated into specific
goals forvthe da§¥§o—day field work. B

Very large ;éndy braid bars are present in this system.
They will be termed sand flats to distinguish them from the
transverse bars also present in the river. A major objective
is to idvestigate the contrcls on the formation of these sand
flats, the mechanism of their formation, and their internal
stratification and resulting facies patterns.

| Because the sand flats form initially in the channels,
it is necessary to attempt to understand the interactions
between the sand flats .and the channels. The morphologies of
the channels and the bedforms in the channels were therefore
investigated to attempt to discover‘where and why new sand
flats formed.

The migratory’beéforms in the system became another
focus of investigation because they cover the floors of the

channels. This involved determining what types of bedforms

are present, the range of hydraulic conditions under which

each type is stable, where cecach occurs in the system, how
they react to different conditioﬁs in the river, and the
stratification vesulting from their presence.

Another specific purpose was to attempt to determine

the reaction of the braided svstem to conditions which differ
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markedly from the average state in which the river is
commonly observed. Some of these conditions are: 1) high
flood stage; 2) very low stage; 3) periods of ice cover;
4) spring ice breakup. These events causé’iﬁportant changes
in the system, and hence were investigated.

It was towards these specific goals that the day-to-
day field work was directed; therefore, they served as a

frame of reference for progress in the research.

THE METHODOLOGY OF THE STUDY

General Approach ’ )

In attempting to fulfill the purposes discussed,
several different approaches were combined during the period
of the fieldwork.

After a general reconnaissance, it became clear that
de£ai1ed observations of changes in the systeéem were necessary
to understand the development of the large sand flats.
Because of the size of the river, the entire braided section
could not be studied in great detail: a reach typical of the
braided section was therefore chosen for intensive study.
Aerial and surface reconnaissance showed this 10 km long
reach to bé represéntative of the braided section. A very
great familiarity with this study reach was developed so that

any changes could be detected and understood in terms of the

initial conditions and the processes which c¢aused the changes.
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Specific Methods

(a) Aerial Observation - In order to obtain a large

scale view of the river, five flights were made 5ve; three
summers, covering most of the braided section of ghe river.
This was an efficient means of observing major’variations
along the river course in channel pattern, bar morphology, and
other large scale features. Aerial observations, therefore,

acted to check that the sand flats and channels investigated

in detail were typical.

(b) Mapping - This was carried out on several dif-

ferent scales. A summary map (on a very large scale) of
virtually the entire braided réach of the river was compiled
from air photos. This map'served to illustrate the sh&pe of
the river, the deflection of the major channels, and the
larger areas-‘of accumulation of sand.

On a smaller scale, a summary map of the study reach
was prepared by .tracing air photos to make a base map, then
drawing-on this the present day sand flat:s.J Thetresulting
map was accurate enoﬁgh to use in the inVvestigation of the
”felationshiﬁé between channels, sand flats, and islands.

On a very local scale, sketch mapé or pace and compass
maps were made of individual sand flats. These were prepared
to investigate sand flat morphologies, distribution of bed-
forms,}and,types of progessggiaﬁith\formed each individual
sand.flat. Many of the sand flats w;;g"remapped after high



S A I

e EN TN

o

R

23

flood stages altered them. Because direct obsegvation was
.impossible, /comparlson of the maps prepared before and after
the flood events gave a better understanding of the high stage

)

processes than would otherwise have been achieved.

(c) Staking - Directions and amounts of movement of

migrating features such -as bars were documented by staking
and measuring. The processes which had ‘been inferred from
morphologies were confirmed in some cases by this direct

¢
y

measurement.

(d) Trenching and Boxcoring .- Internal structures in

the sand flats were investigated by digging trenches in
selected locations. Where surface features W%E? pfesent,
they were trenched to relate the surface expressio# to the

resulting stratification.

»

In water up to 75 cm deep, box cores were employed to
examine the stratification. Different bedforms were boxcored
to determine the stratification which resultéd from their

presence.

(e) Bedform Measuremeﬁt - The .amplitude and wévelengths
of many bedfogms were measured in an attempt-to determine
what types of bedforms were preéent, and the dimensional.
characteristics of eacn type. This was accomplished direcélye
with a.tape measure where thehbedforms were exposed or .in very
shallow water. In deep water, a Raytheon DE 719 B depth
sounder was employed. This instrument was capable of

detectlng bedforms as small as 6 cm in amplltude.

~\
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(f) Bedform Dynamics - The dynamics of the bedforms

in the system were lnvestlgated by measurement of depth vs.
veloc1ty proflles over clearly active bedforms. "The current
meter used was-a Price~- type XA meter. This was held in the

flow on a graduated rod mostly from an anchored boat.

(g)'Air Photos - In addition to everyday uses such as
navigation and location recording, arr,photos'were used to
investigate the history of the system. Different sets of
photos, ranglng in time from 1954 to 1973 were compared to
trace the development of the system to its present configu-

IR

ration.

(h) Compllatlon -Qf Povernment Data - Large amounts of

data have been collected from this rlver by the Department of
the Env1ronment of the Government of Canada, and the Mlnlstry
of Natural Resources of the Province of Saskatchewanl They
_have collected discharge data, suspended seddment'data,-and
topographlc data. Much of this has been published'(Water
Survey of Canada, 1965-1975), .but .some is available only from
the agencies themselves? The Gpvernment discharge data has
been supplemented‘by tne installation by the author in the
'_study .reach of a contlnuous recordlng Stevens type A float
recorder. ThlS monltors short term fluctuatlons not recorded"

elsewhere.
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.Since 1963, a programme of surveying across the river
at selected locations has been carried out by the Federal and
Provincial agencies., _Thelprofiles measured in different years.
at one locality can be compared to determine whether the reach
is aggrading or degrading: By compiling the data from several
locations, it is possible to determine the overall regime for
a given reach over a l0-year period. This has been done for
the study reaéh. '

The knowledge or insight gained from each of-these
méthods of research has been combined to attempt to fulfill

the specific objectives of the study.

<

THE MAJOR RESULTS OF THF THESIS

{

1. In the South Saskatchewan Rive;,'the sandy bed is moulded
into r?pples, sand waves, duneétand bafs. Dunes predomi- «
nate in £he deeper channels, with ripéles and sand Qavgs
in the.higher parts. Bars occur in both areas. .

2. Tge river has many large braid bars or sand flats devéloped
within it, along'with:chahhels averaging 3 m deep. Where:
these channéls.curve arodnd‘an'area which 1is éominantly
saﬁd flats, aﬁ oplique cross-channel bar is formed.’

3. New'sénd flats form on these bars. A high area on the bar
acts as the nucleus, around whicﬁ the remainder of the
éand flat forms. The mofphéquies of these small sand
flats depend bn the relative pogition; of other sand flats -

and isiands.



Sand flats grow by bars accreting to them, and by bars
linking them together. The largest sand flats are very
0old, complex features.

The sand flats are immobilized durihg the winter months
because their top layer of sediment is frozen.

The facies sequence resulting from channel aggradation is
dominantly trough crossbeds deposited by dunes. The
sequence resulting from sand fiqt development rests on
channel deposits, but is composed of planar crossbheds
above ;hese: All gradations exist between ‘the two types..
Muddy vertical accretion floodplain deposits up to .5 m

thick cap all the sequences.
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CHAPTER II

THE SOUTH SASKATCHEWAN RIVER: THE SETTING OF THE STUDY

THE FIELD AREA

The South Saskatche@an River between Outlook and
Saskatoon was choszn as the field area for the study (Fig. 1),
This section of river was selected after a geﬁeral reconnais-
sance becalse many large sand} braid bars are present within
it. 1In addition, this reach also has the following advantages:
l) large amouﬁts of Government data on the hydrology.and sedi~
ments of the rivér are available; 2) the river is about ﬁhe
maximum size that could be studied with the available resourcés
and it is lafge enough (up to 1 km wide) that the results of

the study may be useful for the interpretation of ancient

.rocks; 3) roads in the area provide easy access to the river.

Within éhis 80 km section of river,‘a 10 km reach
near Outlook (Fig. 1) was chosen as the primary study reach
whgre detailed observations were to be ma@e. This reach was
chosen after surface ani aerial rééonnaissance,showed it to
be tyéical of the braided portion of the river._

Since 1565, the river has been- controlled by the
Gardiner Dam, about 25 km upstream from the study réach (Fig. 1).

The presence of this dam has affected the hydrolegy and the

“27 .
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sediments of the river to some extent. The results of this
alteration of the natural system will be discussed later in

this chapﬁer.
é

GENERAL DESCRIPTION OF THE RIVER

. The South Saskatchewan River neakr Outlook flows north-
ward in a valley averaging 0.6 km in width, incised about 30 m
into the surrounding plain. The river has an average slope
of .0003. It is straight to irregularly curving tﬁrbﬁgh most

of the field area, ‘but within 25 km of Saskatoon, the valley

. widens and the river swings into a series of irregular

meanders (Fig. 1 and map at the end of the.éhesis). The
sinuosity of this reach is about 1.8. lany large meander
scars arnd two oxbow lgkes exist in the fioodplain déveloped
alongside this stretch of river.

The river system consists of the follo&ing_géOmorphic
units: 1) vegetated fioodpla;ns; 2) vegetated islands;
3) channéls; 4) very large sandy braid bars. .These are illus-

trated in.Fig. 2.

!

(a) Floodplains and Islands

The vegetated floodplains are‘poérly devgloped wheré'
the valley is narrow, but small areas of floodplain occur in
many pl;ces the wrole length of the river. The islands are
very_similar to -the floodplain;; some i§lands, in‘fact, result

from the dissection of these.
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FIG.

. flats (top) are shown.

30

An oblique air photo in whichta floodplain (bottém),

3 . .
a vegetatedisland (centre), channels and sand

Flow is to the left.
The -island is also shown in Fig. 38.
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The tops of islands and floodplains are covered by
grasses, willow bushes and, in some cases, large trees. Both
these types of major elements in the river stand about 1 to 2 m
above the level of the sandy braié bars. FEroded banks of both
islands and floodplains show alluvial sand overlain by as much
as 1 m of mud and silt. These fine-grained sediments were
laid down as vertical accretion deposits (Appencix 2). 1In a
few localities, aeolian dunes are present on floodplains and

islands.

(b) Channels

The active river tract commonly ﬁas ene.of two major
channele and several minor channels at one locality. The
major channels range in depth up to 5 m below the level of
adjacent braid bars and may be up to 150 m wide. Several of
these are shown in FPig. 3, a typical topographic cross—p;ofile
of the river. .The major channels generélly flow in a directiqn
close to the valley slope; but curve in places, crossing the
river system diagonally. .By making randoﬁ measurements .of the
directions of major channels on air photos, it has been esta-
blished that the average dev1at;on from the downvalley
direction is 13° , and ‘that 90% of the measured channel dlrec—
tione are encomvassed hy a 60° w1de zone, The directions of
minor channels (those which cut across braid bars) show con-
slderdb‘y more dispersion, but are of secondary 1mportance

because they rarely axceed 1.25 m in dﬁpth
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The channels are floored by a vgriety of migratory
bedforms which will be discussed in detail in Chapter IV.
Aiso in the channels, many transverse (foreset-type) bars
similar to those reported by Smith (1971) are present. These
range in height from a few cm to 3 m, and in many cases span
the whole widths of the channels. To avoia confusion between
these and the large braid bars, the latter will be termed sand

flats.

(c) Sand Flats

The sand flats are large complex depositional struc-
tures which range in length from 50 m to 2 km (Fig. 2). Their
shapes are highly vériable,'but all age elongated parallel to
tge river to some extent. Thé sand flats are covered by small
migratoEy bedforms (Fig.l4), or aftér a high staée, by large
transverse bars, but become dried out and wind eroded after
several months of exposure. Sand flats are complexes of
smaller features, and are compardble in scale and in importance
to the point bars of meandering stréam;. They can be regarded
és resultiné from .the geomorphic regime of'the river and are

relatively insensitive to short term hydrodynamic variations.

They will be discussed in detail in Chapter VI.

(d) Sediment Type, Texture and Mineralogy

-

The sediment in the river is dominantly medium or fine
sand with an average diameter of 0.3 mm. Although no ingensive

investigation of the textures of the sediments has been made,
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FIG. 4.

A typical assemblage of bedforms on the top of
sand flat. These are sand waves and ripples
(Chapter IV). Flow is towards the camera.

34
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a number of sanples were collected and analyzed by sieving.
The data derived from these samples are presented in Appendix
i. The sands have a mean diameter of i.SS phi and sorting of
.88l(Folk and Ward statistics), i.e., moderately well sorted.
Individual samples range from poorly sorted to well sorted,
depending on the local environment from which they were taken.
Some silts and muds exist in the system, deposited in quiet
areas‘in the lees of sand flats, or .as vertical accretion
deposits on .floodplains and islands. In a few places where
the river cuts into the valley wall, some very coarse sediment
is prégent, ranging up to bou%der size.*

| The sand is composed mainly of quartz, feldspar,
hornblende and  sedimentary rock ffagments. Locally, concen-
trations of heavy minerals‘(magnetite and garnet) occur. No
detailed study of the minéfalogy has been undertaken.7 The
mineralogy noted above €£pems compatible with the local |
Pleistocene deposits being a major sediment source. Some of
the grains, particulafly the sedimentary rock fragments, are

subplied by the local outcrops of Bearpaw Shale (section on

Geology, this chépter). Before construction of the dam, sedi-

ment was being transported from the mountains of Alberta, and

this source is undoubtedly represented in the river sediments

at present.
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THE CLIMATE OF THE REGION

The cliﬁate of central Saskatchewan is a typicai con-
tinental climate, with cold winters, warm summers and rela-
tively little precipitation. .The monthly averages of temperature
and precipitation are shown in Fig. 5. Wide variations from
the averaée values of both barameters occur; héWever. For
example, the range of temperatures recorded is from -49° to
4OOC, and the maximum precipitation recorded in one day may
exceed the monthly average.

The low temperatureg in the winter.cause the river to
freeze from November to Apriid in most years, but peéiods of
open water may occur during thaws. The effects of the ice
co&er.and its breakup in the spring are discussed in detail
in Chapter VII. ‘

The low rates of precipitation during the winter

months do not allow large amounts of snow to accumulate in

the local area. Because of this, snowmelt Jdoes not provide

<

large quantities of water most years whenzike temperature
. ‘ A
in the area rises above freezing and the river ice softens.
The climate of the area is one of the majdr external

controls on the sedimentary processes inh the river.

\ S ‘

THE HYDROLOGY OF THE RIVER ;

Figures 6, 7, 8 and 9 summarize most of the important
hydrologic data which was combiléd from publications and

unpublished reports of the Water Survey of Canéda (1965-1975)

~
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FIG. 5. Graphs- of mean monthly temperature and
precipitation for Saskatoon. (From
unpublished ﬁepartment of the Environment

Data over 15 years.)

=
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and the Saskatchewan Department of the Environment. The
following data are important:
Long term (1912-1975) average discharge = 275 m3/sec

Estimated bankfull discharge 1270 m3/sec

Maximum recorded discherge 4190 m3/sec

Figure 6 shows the wide variation in the peak flood
discharge, and a smaller, but also eignificant variation in
the yearly mean discharge, indicating that.flow conditions in
the river differ markedly from year to year. This fact must
be considered ir the deVelopment of any generalized model of
river sedimentation. 'Several periods of higher than average
discharges, both mean and mexiﬁum (e.g., 195D-~1955), and
others of below average dischargee (e.qg., 1933-1937) can be
discerned in Fig. 6. These are related to climatic fluctua-
tion. This Qariation in discharge may have had effects on the
river, but no method exists to 1nvest1gate the hlstory of the
river before‘the flrst set of available air photos (1954).
Changes 1n river morphology due to climatic: var tion. have
been dlscussed by Schumm (1969), but the degree Lhe/var1a~
tions and the length of time of the varlatlons were much’
greater than those shown in Flg. 6.

Figure 7 is a graph of discherée‘vs. recurrence inter-—
val. Thls shows that bankfull dlscharge recurs about every
2 1 years;, a figure similar to those reported ﬁor many other

rivers (Leopold et al, 1964).

-
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Figure 8 shows the variation in average month}y dis-
charge throughout the year, before and after the dam was built.
- In the natural state, the major discharge peak occurred in |
June most years, but varied from late April to early July.
This peék is caused by snowméit in the mountainous headwaters
of the system, and increased precipitation in the drainaée
basin at that time of year.. The alteration of the average
monthly discharges shown byythe two curves will be discussed
fully later in this chapter. '

Figure 9 shows the discharges during the period of
this study. The river was 5bserved in all stéges from very
low (85 m3/sec) to a flood stage (1812 m3/sec) significantly
above bankfull discharge. “This high digchérge recufs about
every 4.5 years; therefore, it is a typical.fiood event in
the river (Fig. 6): Very high flood discharges were not
obgserved during the fieldwérk{ with the reéult'that éﬁeir

. effects on the river are unknown.

GEOLOGY OF THE ARLCA

Bedrock Geology

The valley of thé_sbuthiqukatéhewan River is cu£
into the Bearpgw Shale and the underlying Belly River éandsﬁqnei
Thg latter is a .buff, fine-graihed, friab;e sandst;né of Uppér
Crétaceous age "(Scott, 1961). It'crops:out on’ the valley wall
near. Outlook where large concretions are present; ranging up

to 2.5 m in diameter and containing marine fossils. ' The \



FIG. 7. A graph of discharge vs. recurrence interval (for data
on Fig. 6). Bankfull discharge has a recurreﬁce interval

of 2.1 years and is indicated on the graph.
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FIG. 8.

Average monthly discharges before and after the dam,
Note the increase in the winter months and the decrease
in the summer.

A}

The data covers th& period 1912 - 1975,
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overlying Bearpaw Shale is a dark grey marine shale, also of

Upper Crectaccous Age. Because the formation is uncemented

and contains up to 809 montmorillonite, it is very soft and

erodible (Pollock, 1962). . It is virtually flat lying, without

‘ major structures, except along the river valley, where rotated

slump blocks occur.

The bedrock geoloqgy is of significance because the two
formations supply some sediment to the river, and because
their soft, friable characteristics allowed the river to cut

into them.

surficial Geology ' .

The surficial (Pleistocene and Recent deposit; of the
area are,dominantly of three kinds: 1) sandytfo gravelly tilis
deposited as various types of ﬁéraines; 2) lacustrine silts,.
clays and minor sands; 3) aeolian depéSitgfresulting ffém
deflation of the other types (Scott, 1§gl). Aféew majcr
Pleistocene spillways now filledﬂby alluvial sands and gravels
are also present.. |

These surficial deposits are believed to:supply a
larée propor{ion of the 5edimen£ in the river. A map of tge
distribution of the different types of these deposits iﬁ the
area is gfven by Scott (1961). No correla£ion between £ﬁe
type of surficial‘deposit and any characteristic of the river
in the local aFea has bogn—teund.— n

-
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The Geologic History of the River System

-

In western Saskatchewan, the river follows a pre-
glacial drainage channel, but in.the study area the original
valley is believed to result from erosion by meltwater flow-
ing along a stagnant ice front (Pollock, 1962). Because flow
to éhe north was blocked by ice, this channel drained south-
ward through the Qu'Appelle Valley. After the ice disappeared,
the river began to flow northward, deepening the valley to its
maximum (about 60 m). At this time, much rotational slumping
of till and shale into the valley occurred because of the
"increased height of the valley wall.

Since this episode of downcutting and slumpingaat the
end of the Pleistocene, the rlver has been continuoﬁsiy b
depositing, aggradiné about 30 m as a result. Test borings

into the alluvium in the valley showed it to be mainly sand,

but with somé clay-rich zones and minor gravelly zones (Pollock,

.~

- 1962).

HYDRAULIC GEOMETRY

The hydrauiic geometry of a river'éystem consists of
the relationships betwgen discﬁafge and the following: 1) mean
depﬁh; é) width; 3) area; 4) .mean Qélocity. The way in wﬁiéh

\thgse parameters, change with the discharge is an important
characteristic of the river systgm which affects £he sedimeﬂ£§
to‘a great exgent. This‘is bgcau;é the deptﬁ andlbelocity of
the fléw are imbortént variables which ¢ontrol sedimént pro-

perties such as bedform development and sediment dischaxge'.
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Stage-Discharge Relationship ] .

Flgure 10 shows the relationship between river dlscharge
and the height of the water level in the study reach near
Outlook. The relationship’ is essentially composed of twoi
straight.}ine segﬁents with the bregak at about 230 m3/scc.

k4 .
Below this discharge, the slope of the line is steéeper, indi-

cating that for a given increase in discharge, the stage rises

~Telatively higher. The discontinuity ocCurs at the stage‘

. 7
height where the sand flats become inundated. Above this dis-

charge, the line is'much flatter pecaose’of the greatly
increased width of the flo_w.
| .Discontinuous rating curves for many rivers are caueed
by‘chénges in friction values which occur when bedforms on,
‘the river bottom change to plane bed. It‘ehouid be emphasiied
that the oiscontinuity-io the rating curve for the South
( Saskatchewan River 1s not due ‘to tth factor. A seconé‘diSL-
COHtanlty{ln the curve would be expected if the bedforms in
the‘channel changed to plane,ped, but po data ex1st'ﬁor

:* discharges higﬁ enough to cause this. .

t

Other Parameters

Mean depth, width, area and mean velocity of flow are ’
shown as functions of discharge in Fig.'ll. THS figure is

»

based on data supplleo by the rWater Survey of Canada for a.
cross section a few*km south of the meanderlng reach ThlS

Locat;on is marked.on the large scale map at.the back of this
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A}

" thesis (R 51). Figure 11 shows that mean depth; width, and

area of flow all increase faster than the mean velocity. Over

a very large range, any increase in discharge is taken up by
7

the area of the flow expanding, rather than by a rapid rise

in mean velocity.

Although mean velocity gives no information about
local high velocities in the channels, the figure serves to
illustrate that very high discharges must be present before.

extremely high velocities occur.

THE EFFECTS OF THE. DAM

o

The river has been controlled since 1967 by the

Gardiner Dam, some 25 km upstream from the study reach (Fig. 1).

" Leopold et al (1964) have discussed the effects of dams on.

many different rivers, sHowing thét.dams change thé hydrologié
regimes of these rivers-.-and cut off gediment tranéport, |
resulting in downstream degraaation. In the lcng term; the
éouth Saskatchewan will rééct in a similaE)manner. The qués-
tion to be considered ip this section of/%he_ihesis is whether
the changes caused by the dam have already affected the sedi-
nents of -the study reach SO much.that this.geach can no longer
be considéred representative of the natural system. This
question dén be answeréq to some éxﬁent by a) qonsideration

of hydrologic records, b) comparison of air photos taken before

‘and after the dam, c) comparison of bed elevation profiles

surveyed periodically since 1964 by the Water Survey of Canada

- and Saskatchewan Deﬁartment of the Environment.
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Hyflrologic Effects

Because the main purpose of a dam is to store water,
the hydrologic regime of the downstream reach is changed to
a great extent. In the South Saskatchewan Rivér, the yéarly
discharge pattern has been altered, with lower peak flows and

much' higher flows under the ice during the winter months

L

(Fig. 8). The average discharges auring the summer nionths

are lower than they were in the pre-dam era. This results in

B A AL N L Y

lower sediment transport rates than would have been the case

before the dam. However, because most of the major elements

Lo C AN

e

in the system (the‘la;ger.channels, the sand flats, 'the

poo

islands) react only to high discharges (see Chapters V and VI),.

4

this lowering of the average sedimeht transport rate probably
has had little impact on these large geomorphic units.

The increased discharge during £he winter moﬁths under
the ice (Fig. 8) affects the system bécause the flow is more
constricted by the presence of the ice. These special effects

- will be discussed in detail in Chapter VII.

In the period 1967 - 1975, only two floods exceeded
’ . . ¢ . . \ .
bankfull/ﬁischarge (Fig. 6). - This is fewer than would be
expected if the dam were not pfeséntAbecause the reéﬁrrence

interval of this discharge is about 2.1 years. However, the

occurrence of floods~greéter than bankfuli'in the pfe—dam'era

? . (Fig. 6) was highly irfegular, with périods_of up. to 8 years

(1955 =~ 1963) in which none occurred.

E G L e

Py

o ST
E
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Thé maximum discharge has been reduced most years by
the dam. The peak discharge dgring the 1975 flood (1812 m3/sec)
was reduced from 2800 m3/sec which flowed into the reservoir.

This reduction in number and maximum size of flood
beaks has reduced the transporting capacity of the river to
some exteﬁt. The 1975 flood, however, was greater £han the
mean annual flood. of 1450 m3/sec, so it can be considered
representative of flood events in the river.

Changing demand for power generation throughout the

jday haé resulted in discharges being varied on a daily basis.
This flucéuation is superimposed on the longer term variation.
This is illustrated by Fig.'l2{ a stage recorder record made
in fhe study reach. This dailQ.fluctuation iﬁ‘stage height
occurs only at low, discharges’ (less thaﬁ about 230 m3/sec)
wﬁen the sand flats are exposed. At YWigher discharges, pre-
sumably, enough power is generated at all timgs to meet peak
demand. . Because the variation is limit to iow.stages, it
has little ef?eét on the major structures of the river, but
has many:mindr results. Some of these are: 1) falling_watgr
marks aré cofmon oh bar fronts; 2) rﬁnofﬁlripples‘are present
in the ﬁroughs oﬁ‘higher stage bedforms; 3) sediment tra?sporﬁv
is intermittent down séme minér channels; 4f in some cases,

’

the bedform Eype is indeterminate due to superimposed and non-

L3

. equilibrium forms.
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Comparison of Air Photos

Two air photos, one taken in 1967 and one in 1971,
showing the same reach, are presented in Fig. 13. From these,
it can be scen that some shifting in the pqsitions of channels
and sand flats has occurred. However, little change can be
seen in the type and relative abundance of the major elements
in the system. Examplés of each 6f these major structures

are labelled on the photos for direct comparison.

Figure 14 is an air photo of the river taken in July,

1959, when the river was much higher than in Figures 13a or

13b. In this older photo, one of the majér differences which

is apparent is the turbid nature of the water. The suspended

‘sediment concentration was lowered by 4/5 by the creation of

the resérvoir, Before the dam, at bhankfull flow, the sus-
pended sedimcnt concentration was about 1.5 gm/litre. After

the corstruction of the dam, the concentration was .3 gm/litre

“for the same discharge (Water Survey of Canada, 1965-1975).

The major elements in the river, however, are very similar to
those identified in Fig. 13. They are again labelled by

numbers. . (S
. - N

Government Profile Data ./

) ‘ i . ]
Since 1964, selected profiles across the river- have

been repeatedly surveyed at irregular time intervals by the
Federal .and Provincial Government égencies. They have issuéd

periodic project reports which include the data obtained from



FIG. 13.

Two air photos q& the same reach. Photo (a)
taken in 1971 andphoto (b) in 1967, with the
discharges 86 and 47 m3/sec respectively.
Shifting of channels has occurred, but some
similarity in pattern is present. Y - 2 b
shows the location of the cross-profile in

Fig. 3. The numbers are referred to in Fig. 14.
(Photo (a) is 154.). ' '
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<N
-4

FIG. 14. An older air phoéo taken‘in 1959. The stage is
higher than in‘fig.'l3 and the watér is extremely
turbid. The numbers refer to (1) sand flat,

(2) "cross-channel bar, (3) vegetated island,
. (4) channel, (5) new sand flat nucleus, (6) large
bedforms. These can be compared with the features

numbered the same on 1971 photos in Fig. 13(a),
38(a). "
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these surveys (Water Resources Branch, Department of the

Environment and Saskatchewan Department of the tnvironmebth

g

1969 - 1973). These profiles naye been analyzed'in an attempt

»

to determine whether these reaches have agdraded or degraded.
3 :

Two dfffelent methods have been used to do thls. 1) comparieqn
4 .

of eyévatlons of 'the beds of major channels; 2) comparison of

'tota£ amounts of sediﬁéht at a cross-section.

a/‘ L4

[ 1) Channel Bed LClevations —gReconnaiséance of the

rifer immediately downstream. of the damxshowed that it
appeared to be downcutting. The major channel was incised

nd erodlng laterally into sand’ rlats..‘The'degradaticn,
therefore was-not 0ccurr1ng uniformly over the entire w1dth
of the river, but was prpceedlng by 1nc151on of the major
‘,'channel; Tt is believed, tnereforé, tbat'comparisons‘of the
‘minimum elevations-of profiles made'at the'samé locatign but
in. different years will detect any degradatlon whlch has

taken place.. All the raw daxa for thlS comparison are glven
in Table 2. Each range (survey 91te) is 1dent1f1ed by a

. number which is the distance in mlles measured downriver
-betWeen it and the. dam, Because theAGovernment agencies
involved are'uglng theﬁe miieages.tc designate‘tne ranges, it
.Was decided to leave qhe distance in Milee in order to avoid
confusron For reference, £he upstream -end of. the study reach

is between ranges 14, 7 and 17. 4. The ranges are located on

the map at the back of the the81s.f

»
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