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ABSTRACT

This report discusses the-;probable future morphological .

evolution of a majdf channelization project along the Qu'Appelle

River 1in south-eastern Saskatchewan. A monitoring program..is

proposed - to- ‘document any morphological ‘changes and to provide
timely warning in case of unforeseen detrimental developments.

Along most of its cdurse, the Qu'Appelle. River consists of a

small, tortuously meandering channel in a relatively large and deep
valley formed by glacial meltwater. The river flows through

several shallow lakes, which are formed where alluvial fans of
tributaries block the main valley. The flow regime of the Qu'Ap-

pelle River is characterized by extreme variability both within the

year and from year to year.. This in turn is the main' cause of
long-standing water supply, water quality and flooding problemsr

A major water management effort to address these problems is

‘mostly completed and includes diversion of South Saskatchewan water
~into the Qu'Appelle River, flow control structures at.several lake

outlets and channelization of the Qu'Appelle River from Craven to
Pasqua Lake; this being the subject of the present report.’ The
channelized river reach 'is to be shortened from 110 km to .75 km by
cutting off particularly tortuous meander bends, and . the channel
capacity is to be increased from around 5 m /s to 14 m3/s, mostly
by enlarging the natural channel. Only some two thirds of. this
latter part of the Qu'Appelle project is presently completed.

The channelization was designed as a rigid channel without
any explicit allowances for sediment transport,-erosion, deposition
or vegetation encroachment. There has been some concern that the
increased energy gradient and increased velocities -could lead to
degradation and erosion problems. A compater study using the

sediment routing model "MOBED" predicted extensive degradation near -

Craven and led to some initial monitoring work. These results were
also indirectly responsible for the commissioning of - the present

study. To date the channelized reaches of the Qu' Appelle River

show no significant evidence of degradation but, due to the very

low flows of the last few years, this does not alleviate all con-
cerns. » ~

Comparison of the pre- and post-construction channel of the

Qu'Appelle River with various published channel design criteria and
with documented case histories for comparable rivers on the Cana-
dian prairies, indicates the following:




(i) The post-project channel has a bankfull capacity that
. is probably somewhat larger (17-32 m /s) than the
design flow. of 14.2 m3/s;

(ii) The project does not appear to affect chénnel width and
the final channel is, if anything, somewhat wider than
necessary for the expected flows; and

(iii) Both the pre- and post-project gradients are very low,
even for prairie rivers. Significant bed load trans-
port or significant channel bed degradation are there-
fore most unlikely. '

Based on ev1dence ﬁrom case histories, the morphological
evolutlon of the channelized reach is predicted qualitatively at
three time scales,-short term (years), medium term (decades) and

long term. Mo:phologicél parameters are not expected to change
. dramatically at any of these time scales.

In view of the predicted slow rates of morphological change,
only a very limited monitoring program appears necessary, consis-
ting of the following:

(i) river channel cross section surveys:
(ii) collection of some bed material samples:

(iii) photographic documentation of morphological changes and
vegetation encroachment:;

(iv) documentation of changes in channel plan from air

photos, if and when suitable photos become available
from other projects;

(v) monitoring water level trends at the two Water Survey
of Canada gauges in the channelized reach; and

(vi) field inspection durlng or immediately after any large
floods.

An initial monitoring interval of 5 years is suggested, but
thls needs to be varied according to the occurrence of floods.
There is little point in repeating any surveys unless there have
been some significant flows since the previous one. Ma jor floods
might justify immediate re-surveys.
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. RESUME

Le preSeﬁt rapport traite de 1'évolution morphologique qui-devrait

" survenir par suite d’un important projet de canalisation le long de la riviére

Qu’Appelle dans le sud-est de la Saskatchewan. On propose la reallsation d’un
programme de surveillance afin de documenter toute modification d’ordre:
morphologique et de donner, en temps opportun, des avertissements s’il
survenait des développements imprévus et nuisibles.

La riviére Qu’Appelle consiste, sur la majeure partie de son cours, en un
petit chenal qui serpente de facon sinueuse une vallée relativement vaste et
profonde formée par l’eau de fonte des glaciers. La riviére s’écoule par
plusieurs petits lacs peu profonds formés & 1l’endroit ou des cénes de
déjection d’affluents bloquent la vallée principale. Le régime d’écoulement de
la Qu’Appelle est extrémement variable tant pendant 1l’année que d‘une année a
l’autre, ce qui en retour constitue la cause principale des problemes de '
longue date entourant 1'approvisionnement en eau et sa qualité a1n51 que les
inondations.

Afin de résoudre ces problémes, d’importantes mesures de gestion des eaux
ont été prises, et les travaux relatifs & la majorité d’entre elles sont
achevés. Ces mesures comprennent la dérivation de 1l’eau de la riviére
Saskatchevan Sud vers la riviére Qu’Appelle, 1l’érection d’ouvrages de
régularisation a plusieurs décharges de lacs et la canalisation de la
Qu’Appelle entre Craven et Pasqua Lake, laquelle fait 1l’objet du préSent
rapport. Le trongon de la riviére qui sera canalisé doit étre raccourci de 110
a 75 km en supprimant les méandres particullerement sinueux, et la capaclte du
chenal doit étre accrue d’environ 5 & 14 m3/s en procédant surtout a
1’élargissement du chenal naturel. Cette derniére partie des travaux n’ est
complétée qu’aux deux tiers & 1l’heure actuelle.

La canalisation a ete congue comme un chenal rigide sans tenir compte de
facon précise du transport des sédiments, de 1l’érosion, de la sédimentation et
de la croissance de végétation. Cela a suscité certaines préoccupations du
fait que 1’augmentation de la pente de la ligne de charge et des vitesses
pourrait entrainer des problémes de dégradation et d’érosion. Une forte
degradatlon prés de Craven a été prédite par suite d’une étude sur ordinateur
3 1’aide du modéle de transport des sédiments «MOBED», ce qui a donné lieu a
des activités initiales de surveillance. Ces résultats ont aussi contribué
indirectement & commander la présente étude. Jusqu ‘ce jour, les trongons
canalisés de la Qu’Appelle n’offrent pas de signes importants de degradatlon
en raison des faibles niveaux d’eau enregistrés ces derniéres années; cette
constatatlon ne vient toutefois pas dissiper toutes les inquiétudes.

La comparaison du chenal de la riviére Qu'Appelle avant et aprés sa

construction avec divers critéres publiés pour la conception de chenaux et des
" cas documentés de riviéres comparables dans les Pralries indique ce qui suit :

i) Le chenal aprés construction a une capacité de débordement probablement
assez supérieure (17-32 m?/s) au débit de référence de 14,2 m3/s.

ii) Les travaux ne semblent pas avoir modifié la 1argeur du chenal, et ce

dernier est peut-étre un - peu plus large que ‘nécessaire comparatlvement
aux débits prévus. .



iii) Les pentes de la llgne de charge avant et aprés la construction sont treés
faibles, et ce, méne pour les riviéres des Prairies. Il est donc trés peu
probable qu’on enregistre un important transport du charriage ou une
grave degradation du 1it du chenal.-

En se fondant sur les cas documentes, on prévoit, sur le plan qualitatif,
une évolution morphologique du trongon canalisé i court (années), a moyen
(décennies) et a long terme. Les paramétres morphologiques ne devraient pas
changer de fagon dramatique pour aucune de ces échelles de temps.

Compte tenu de la lenteur prévue avec laquelle les changements
morphologiques devraient se produire, il s’avére opportun de procéder

uniquement & un programme trés restreint de surveillance qui comporterait les
éléments suivants :

i) des études de la coupe transversale du chenal;
ii) le prélévement de quelqﬁes échantillons de matériaux du lit;

iii) la documentation photographique des. changements morphologiques et de la
croissance de la végétation;

iv) la documentation des changements dans le plan du chenal & partir de
photographies aériennes si l’on pouvait en obtenir auprés des
responsables d’autres projetss

v) la surveillance des tendances des niveaux d’eau aux jauges installées par
la Division des relevés hydrologiques du Canada dans le trongon canalisé;

vi) des inspections sur le terrain avant ou immédiatement aprés toute
inondation importante.

On suggére de réaliser au départ la surveillance & un intervalle de

"~ cinq ans, ce qui pourrait étre appelé i changer si des inondations se
produisaient. Il n’y a pas lieu de répéter des relevés & moins
d’enregistrer des écoulements importants depuis le relevé précédent. Des

relevés immédiats pourraient se justifier si des inondations importantes
survenaient.
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1.0 INTRODUCTION

l.1 THE QU'APPELLE CONVEYANCE PROJECT
l1.1.1 The General Setting

Thé Qu'Appelle River dréins an area of some 51,000 km2 of
southeastern Saskatchewan (Figure 1l.1). Physiographically, the
entire drainage area ‘lies within the Saskatchewan Plain,
(Gordon, 1979), a vést area of gently rolling terrain with very

low relief. . The basin outlet, where the Qu'Appelle River joins

' the Assiniboine River, some 13 km east of the Manitoba border, lies

at an elevation 390 m, while the highest point of the basin appears
to be in the Dirt Hills, with an elevation of 880 m. Most of the

‘ plains lie between elevations 500 and 650 m. The Qu'Appelle Valley

is a large glacial spillway.trench»which was formed by one of the
ma jor meltwater channels draining the margin of the Wisconsin ice
sheet some 12;500 years ago. As the ice margin retreated north-
wards, the meltwater channel found a new roﬁte, heading north at

Elbow, to become the Saskatchewan River. Below Elbow the valley

-was left to carry only local runoff.

The trench of the Qu'Appelle Valley is 1 to 2.5 km wide
and incised into the surrounding plains by 100 to 150 m. It is
the outstanding topographic feature -of the general region
(Plate‘l.l). The modern Qu'Appelle River is a classic underfit
river, i.e. a river flowing in a valley shaped by a much larger,
earlier river. Over the approximately 12,000 years since the main
meltwater channel shifted northward, the valley wal; slopes have
been lowered and rounded off by slumpidg and ravelling, and most
sediment carried into the trench by small and large tributaries has
remained there in the form of alluvial fans and flood plain

deposits. Given the very gentle slope of the trench floor (140 m

1-1
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over a total length of around 360 km, S = 0.0003%) the small

remaining local runcff has only been able to move the very finest
sediments, out of which has built up an extensive, almost con-
tinuous fiood plain. The river channel follows a tortuous path
on this flood plain. Several tributary fans have accumulated
sufficiently rapidly to impound the mainstem river to form shallow
lakes (Plate 1.2).

The hydrology of the Qu'Appelle River is characterized by
extreme variability, both withinAthe year and between years. The
annual discharge is characterized by a-spring freshet in May or
June and periods of low flow in Both late-summer and mid-winter
(Figure 1.2). [Note that all monthly minimum flows are. too small
to show up at the scale of Figure '1.2.] The seasonal pattern in
suspended sediment trahsport (Figure 1.3) reflects this discharge

regime. Discharge data from below:Craven Dam indicate the largest

observed’anhual peak in 43 years of record is more than 40 times-

greater than the smallestlbné (Figure 1.4) and the range of annual

runoff involves a corresponding factor greater than 70 (Figure
1.5). | | |

The stream channel formed by such an exceedingly variable
flow regime is naturally not adjusted to the larger floods, which
consequently inundate the entire valley floor, by up to several
metreé in some places. Since the valley contains several settle-
ments and there are extensive cottage developments along the lakes,
there is a definite flooding problem. Ideally the cottagers would
like stable, relatively high lake levels. ' |

The extreme variability of annual runoff has similarly given
rise to a general watet‘supply problem. Several large towns,
including Regina and Moose Jaw, depend on the Qu'Appelle or its

tributaries for their water supply, as do some industrial develop-

1-4.
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Plate 1.2:

M 88-38-26

This view, looking downstre2am from the west end of Pasqua Lake,

illustrates how fans extending across the valley impound shallow
lakes.
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ments. The traditional flood irrigation of extensive hay fields

on the flood plain uses considerable volumes of water too.

Finally, there is also a severe water gquality problem,

brought on mainly by a combination of hot summer weather, large,

shallow lakes and nutrient-laden runoff water.

1.1.2 Project History

The water gquality, water supply and flooding problems
mentioned above éventually led to the formation of a Qu'Appelle
Basin Study Board, set up by the governments of Canada, Manitoba
and Saskatchewan, in 1970. It reported in October, 1972 and
presented a list of 64 recommendations (Mitchell et al., 1972).

Most relevant in the present context is item 43, which recommends:

", ..that the conveyance capacity of the Qu'Appelle

~River system be increased in certain reaches..."

The completion of Gardiner Dam on the South Saskatchewan
River in 1967 has added to the urgency of addressing the conveyance
problem. That project includes a saddle dam on the divide to the
Qu'Appelle valley with outlet works capable of discharging up to
68 m3/s, a flow far in excess of the downstream channel capacitf
(Wiens, 1987). A significant volume of South Saskatchewan water
is reserved for diversion into the Qu'Appelle Valley and.there can
be little doubt that increased flows, combined'with relatively high
and stable lake levels, could alleviate both the water quality and
the water supply problems. Increased channel capacity also helps
to alle?iate some of the flooding problems, particularly those

associated with Last Mountain Lake.




In 1975 an agreement was signed between the governments of
Canada and Saskatchewan to 1mplement the recommendations of the
Study Board over a period of 10 years. Amongst many other items
addreesed, a project to improve the channel conveyance of the.

Qu'Appelle River was 'deveIOQed. It involved improvements to

various lake outlet control structures aand channel enlargement and

meander cutoffs along some of the most critical natural rciver
sections. The 115 km of civer channel from the Craven Control
Structure to'Pasqua'LakeAwere identified as, by far, the longest
river reach with low natural capacity. The natural_capacity'aloag
that reach is ian the order of 5 to 9 m3/s, but dropping as low as

2.1 m3/s locally. The project calls for a capacity of 14 m3/s, to

be achieved by channel enlargement along most of the reach,

combined with channel straightening and wmeander catoffs to reduce
the channel length by 35 per cent to 75 km. Some diking was also
proposed (Qu'Appelle Multidisciglinary Design Team, 1981l). Various
land acquisition problems prevented much of the changei conveyance
project from being 1mplemented W1th1n the 10 year implementation

agreement, which explred in 1984. In oartlcular, none of the ‘work

-between the Craven Control Structure and Pasqua Lake was carried

out. Since 1984 there have been renewed efforts to complete the -
Qu'Appelle Cenveyance Project under a new federal/provincial
agreement which expired on March 31, 1989. As of Summer 1989, most

of the project has been cempleted, but ohly approximately two
thirds of the river reach addfessed by this report, the section

from the Craven Control Structure to Pasqua Lake had been enlarged

~and straightened. The completed, enlarged channel reaches are:

(1) a short section extending approximately 2 km downs-

tream from the Craven centrol structure; and

(ii) the entire reach from Highway'No. 6 to Pasqua'Lake.




o ‘as under the previous program, various land ownership and
water~-rights problems stood in the way of project completion under
the extended program. The issues are apparently close to resolu-
tion now and project completion over the next 3 to 5 years 1is a

distinct possibility (Wiens, L.H., personal comm.).

1.2 STUDY OBJECTIVES

The present study concerns the Qu'Appelle River reach from
the Craven control structure to Pasqua Lake, which is the majbr
alluvial (self-formed) river channel reach to be enlafged and
straightened under the Qu'Appelle Conveyance Project.” The work is

only partially éompleted and présently at a standstill.

Since the natural Qu'Appelle River channel is alluvial and

since the project does not call for any significant bed or bank:

stabilization with immovable'materials,-such as rock rip-rap, the
man-made, enlarged and steepened river resulting from this project
should remain capable of morphological work, such as enlarging,

infilling or'shifting its channel.
The two main objectives of the study are:
(i) to try and predict the general nature and magnitude
of morphological changes to be expected over the next

ffew,decades; and

(ii) to recommend a long-term monitoring program to

document any such changes.

|




Item (i) is a'pre—requisité to item (ii); the more successfully
future morphologlcal change can be predicted, the ea51er it becomes

to de51gn an effectlve monitoring program.

Some initial monitoring has already been carried out.
Réviewing this material ahd.inéorporating it as best as possible
into the proposed future program is an additional objective. Theré
has also been a sediment routing study, based on the computer
program MOBED (Kfishnappan, 1986).  Its prediction of rather
dramatlc local aggradation and degradatlon also needs to be con-

s:tder:ed°




2.0 PRESENT SITUATION

2.1 PROJECT DESCRIPTION

The two main elehents of the Qu'Appelle Conveyance Project
between the Craven contfoi structufe and Pasqua Lake aré channel
enlargement and meander cut-offs, with both the enlarged natural
channel reaches and the newly excavated meander cutoffs forming a
continuous channel of relatively uniform cross-section. A concise
project description is available in thé report of the Qu'Appelle
Multidisciplinary. Design Team (1981). A summary of the most

pertinent aspects in the present context follows:

The main project objective was to achieve a channel con-
veyance of 14.2 m3/s with a minimum,ffeeboard allowance of 0.3 m.
The hydraulic design was carried out on the Basis of Manning's
~equation with a constant "n" value of 0.03. The enlarged channel
follows the existing river channel as closely as possible, but many
of the severe bends are cut off with the overall result of shor-

tening the channel from its pre-project length of 115 km to a
design length of 75 km, a 35 per cent reduction. Note ﬁhat the
‘valley length is approximately 50 km so that even the post-project
channel still retains a sinuosity of 1.5. Locally the channel
length reduction is far greater than 35 per cent, Immediately
below the Craven control structure, 5 km of natural river channel
are being replaced by 1.4 km of excavated channe;, a 72 per cent

reduction.

In general the post-project channel maintains a relatively
' natural-=looking curved alignment, except for the 3.5 km reach along
the Muscowpetung Indian Reserve. In order to avoid work on that
Reserve, the new channel follows its northern boundary wherever the

existing river channel passes through the Reserve. Figures 1 to 5
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in Appendix 1. show a plan view -of the project at a scale of
1:12,500. '

With a channel length of 74.9 km and an elevation difference

- of 10.8 m between Pasqua Lake and the Craven tailwater (at a flow

of 14.2 m3/s) the overali.project channel gradient is 1.44 x 1074,
The overall natural channel gradient was 0.96 x 10°% and the
overall flood plain slope is 2,2 x-10"4. The original hydraulic

design distinguished two reaches, above and below HighWay No. 6.

Table 2.1 lists the design parameters for these two reaches as.

stated in Figure 1 of the Multidisciplinary Design Team (1981)
reporf, There have been considerable modifications and refinements
since. Table 2.2 lists the "as-built" parameters for the com-
pleted, downstream,~reach of Table_2.l. Other important aspects
evident from the "as-built" drawings are that fhe channel is
generally excavated somewhat deeper then the design bed level,
probably due to the difficulties of excavating a truly trapezoidal
section in muddy water.» The average "as—bu11t" bed level is
approximately 0.2 to 0.6 m below the design bed level. "More
importantly, the design water leVel.at a flow of 14.2 m3/s is
generally well below the terrain levels on either side. Except
along the last 4 km of ditch above PasquaALake;'and some very short
sections occurring all along the project, the freeboard is_normally
at least 1 m and often considerébly more. In bracticai'terms'this
means that, although flooding of low-lying parts of the flood plain
may start at 14.2 m3/s, the actual channel capacity of most of thel

"as—bu1lt" channel is considerably greater and significant overbank

flow will not occur until this actual channel capacity is exceeded.

Assuming a bed level 0. 2 m below the design bed level and 1 m of

freeboard indicates an actual bankfull channel capacity of around

32 m3/s.
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In order to minimize disturbance of the flood plain and

'river channel, the channel excavation is generally.carried out from

one side only, leaving the opposite bank and its vegetétive éover

as undisturbed as possible. Some time after completion of the

excavation,bthe large spoil piles are being spread out, levelled

- and re-vegetated. Plates 2.1 to_2.10 illustrate the works, as seen
~in March, 1988. | '

As of August, 1989 the project 1is essentially completed

between Highway No. 6 and Pasqua Lake, which corresponds to the
entire downstream reach of 44.5 km in Table 2.1. Above Highway
No, 6, only 2.0 km immediately below the Craven controllstructure
are completed. Work on the intermediate reach of 28.4 km (project
channel length) is presently at a standstill,vbut is scheduied to
resume in 1990, In order to satisfy the wish of some riparian
landowners to flood-irrigate their haf fields in spring, several
check dams (sﬁch as illustrated on Plate 2.11) may well be incor-
porated into the remaining channel reach, bgt no details are as yet

available.

2.2 SEDIMENT TRANSPORT CONSIDERATIONS

In designing the Qu'Appelle Conveyance Project, the alluvial
nature of the existing channel and the on-going morphological
processes were largely ignored. The design is based on a standard
open channel flow'formula that assumes a prismatic channel with
immovable boundaries and an arbitrarily selected, constant channel
roughness. The main factors ignored' by this approach to the

Qu’'Appelle River are:

(i) vegetation encroachment;

I =




March 23, 1988

Plate 2.1¢

‘ | | | M 88-30-03

Looking downstrsam to the control structure on the  Qu'Appells
River at Craven.

March 24, 1988

?late 2.2:

M 88-36-34

wooking west (upstr2am) to the saction of enlarged and shortened
shannz2l located Jdownstrzam of Craven.
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March 23,

Plac2 2.3

Marzih 24,
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s
M 88-30-8
Locking upstr2am on an 2nlarged section of channel located east

of Craven, illustrating vegetation development and bank =rosion
on the outside of a bend.

M 83-37-10
Looking norkh2ast T oum ussteeam of the Highwav ‘o, 4 3ridge £ a
section of ths Qu'Appellas River whers channel »nlargsments ars
Jroposed, out have not yet been undertaken.
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March 24, 1988 ~ M 88-37-18

Plats 2.5: Looking downstream from the dighway No. 6 Bridge illustrating the
enlarg=d channel and spoil piles.

March 23, 138§ - 3 88-33-29

iJ
v
«

- . = .t . . ! s SR S . W ~ ,
_asking dounsteram from Bhe cicinikr A7 sha Highway Yo, A& Aridre

showing the enlargad channzl cross-saction and the, as yet
unspr2ad, spoil piles.
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March 23, 1988 : ' M 88-30-35/36

Plate 2.7: Looking upstream {fram a bridge located 3 km west of Loon Creek), illustrating the enlarged ri{rer
channel and the spoil piles which remain to be spread out along the edge of the channel.
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March 23, 1988
M 88-31-9/11

Plate 2.8: Looking downstream in the vicinity of Loon Creek showing the enlarged channel and the spread out
' ' spoil with swales across it ‘to promote drainage of the flood plain.
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March 23, 1988 | L | M 88-31-29/32

Plate 2.9: Water Survey of Canada gauging site "Qu'Appelle River below Loon Creek", illustrating sedi-
ment production into the Creek and gravel placed across the channel to facilitate wading. '
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March 24, 1988

Plate 2.1i2:

Looking =ast towards Pas

v
.

2-12

M 88-38-13

M 88-38-17

Jqua Laka ovar completed sections 2f tn2



March 24, 1948

2lata 2.11:

Looking nocth towards a oack~flooding dam,
"Sixth Base Line" Zridge.
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o (ii) sediment'tranSport in the main' channel leading to

bank erosion and bank réconstruction, channel defor--
mation in bends with the formation of point baré on -
‘the~inside of bends, general. bed lowering.(chénnel
degradatidn) and general, extended sediment accumu-

lation in the channel (aggradation);

(iii) sediments carried to the enlarged channel by tribu-

taries, and;
(iv) delta formation in Pasqua Lake.

Iﬁ 1985 an attempt was made to evaluate the effect of one.
of these neglected processes, sediment transport in the main
channel, item (ii)-in £he above list_(Krishnappén, 1986). The:
sediment routing computer model of the National Water Research

Institute, MOBED, was applied to the channel.

MOBED is a two-dimensional (channel width is fixed and the

channel is assumed to be straight and prismatic) routing model
which uses standard concepts of open channel hydraulics to model

the flow, but the model also includes routines which allow it to
deal with a channel bed (assumed horizontal across any cross-
section) consisting of mobile sedimentary materials. The flowing
water can rearrange these materials into various types of bed
forms (e.g. dunes). Sediment can also be picked up, moved and
deposited. In other words, chanhei roughness 1is no longer
assumed and fixed, as it was in the original hydraulic design

studies, but is flow dependent. Similarly, the bed levels are

‘now also subject to gradual change. If more sediment is trans- -
‘ported into a reach than. out of it, bed level will rise

(aggrade). Alternatively, they may also degrade.




Initially the model was applied to the pre-project,
natural river channel, for which there are extensive cross-sec-

tion surveys. Bed materials were characterized on the basis. of

four grab samples each, at three sites, indicating bed materials

consisting of approximately 50 to 70 per cent fine sand, the
remainder being primarily silt. At the. project flow of 14.2 m3/s
the model predicted extensive flooding downstream Oof Highway
No. 6, but little flooding_upstream of the highway. By progres-
éively reducing the flow rate . the model was used to show that a
flow of 8.5 m3/s could be carried by the channel without flooding
anywhere along the reach. '

" Neither of these two results are confirmed by field
evidence. There was significant overbank flooding upstream of

Highway 6 at a flow of 14.2 m3/s and the observed pre=-project

channel capacity of the entire reach was only one half of the

predicted 8.5 m3/s (Qu'Appelle Implementation Office, 1979). The
discrepancies are probably due to some or all of the following
factors:

(i) There are many localized irregularities in the
Qu'Appélle River channel, such as beaver'dams, debris
accumulations, remnants of bulldozed, temporary back-
floodingvdams built by local farmers and constric-
tions due to bouldery lag deposits (e.g. Plates 2.2,
2,9 and 2.11)., None of'theée flow obstructions were
incorporated into the model, because they do not show

up in the cross-section surveys.

(ii) The natural Qu‘°Appelle River channel has densely
vegetated banks and in some reaches the channel
capacity may be severely reduced due to this vege-

tation. (e.g. Plate 2.3), The degree of vegetation
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encroachment into the active channel probably varies
over time, with the seasons, with the size of recent
£loods and particularly with the amount of runoff

during the growing'season°

(iidi) MOBED'S bed roughness routine is based on data
describing the flow in prismatic channels with sand
beds. 1In view of the silty sand bed material, which
probably exhibits a certain amount of cohesion, and
the almost continuous, severe channel curvature, it
would be most surprising if the type of bed rough-
ness calculated by MOBED did in fact correspond to

the actual channel roughness.

A real test of MOBED's capability to model the sediment
transport regime of the QU'Appelie River would have required the
roﬁting of many years 6f_ob$erved flow hydrographs through the pre-
project channel to show that, given reasonable sediment inflow
assumptions at Craven, the natural channel remains free of signifi-

cant local aggradation or degradation, as indicated by observation.
This type of computation was, unfortunately, not carried out.

Following the initial application of MOBED to the pre-pro-
ject Qu'Appelle River channel, the model was then applied to the
enlarged and shortened design channel. Krishnappanfs assumed
"design channel" appears to differ somewhat from both Tables 2.1
and 2.2, but the discrepancies are relatively minor. Assuming an
incoming sediment load;balahcing the transport capacity of the
upstream reaches, and assuming further a constant flow of
14.2 m3/s, the MOBED water levels closely confirm those of the
project designers. This simply indicates that the channel rough- .
ness computed by MOBED must be close to the roughness assumed by
the designers (Mannings n = 0.03).




In view of the fact that MOBED appears to over-estimate the

capacity of the natural pre-project channel one might wonder

whether the prédicted capacity of the project channel may not turn

out to be an over-estimate too, particularly after several years

of progressive bank revegetation, point bar formation, beaver

activity, etc. However, as an initial post-project assumption, the

Mannings n value of 0.03 is certainly reasonable.

In order to study the long=-term evolution of the Qu'Appelle
River profile, the model was run with a constant flow of 14.2 m3/s
ahd the computed pre-=project sediment transport  at Craven as
upstream input. Running the model for a period of 3 years produced

the results shown here in Figure 2.1. The model prediéts almost

5 m of degradation at Craven, with the degrading reach extending

over at least 14 km after three years. Near Pasqua Lake there is
.1 to 2 m of aggradation over a 25 km reach, pushing water levels
well above flood plain levels locally. The intermediate 35 km
reach is characterized by irregular aggradation and degradation of
order 1 m after 3 years.

As a further test the model was also fuq,with a synthesized
hydrograph based on 67 years of observed flows producing the
results éhown here as Figure 2,2,' The derived hydrograph obviously
produced somewhat slower and more irregular changes than the
constant flow. After 7'years,‘degradation at Craven reaches 8 m

and maximum aggradation near Pasqua Lake is estimated as 3.5 m.

If the main MOBED predictions of aggradation and‘degradation
were to materialize, they would seriously endanger the viability
of the project. The key MOBED prediction evident in both Fig-
ures 2.1 and 2.2 is the extremely flat channel gradient developing
near Craven and extending itself gradually downstream. Provided

the model was run over much longer time periods, this flat gradient
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l: Variation of bed levels as predicted by MOBED for the Qu' Appelle Rlver
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1986} .
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would probably become establishéd over much of the reach, with
correspondingly massive degradation near Craven. Channelization
of toftuously meandering rivers is well known to have the potential
for effects such as incision ‘and upstream degradation (éee Sec-

tion 3 below), so that this prediction cannot simply be dismissed

as a computational accident. MOBED does, however, ignore several

factors and processes that could 1limit or even invalidate the

prediction of upstream degradation. They are:

(i) The bed materials of the Qu'Appelle River are not
nearly-as uniform as assumed for the MOBED computer
runs. There are localized, coarse lag deposits in
the Qu'Appelle Valley which, if encounEered by the
river, would limit degradation. More importantly, .
most o0f the sediments underlying the Qu'Appelle
Valley floor are considerably finer and more cohesive 
than indicated by the few bed material samples which
were used to characterize the MOBED bed material..
These samples characterize the pre-project.Qu}Appelle
River bed material and probably do this quite
adequately. However, most of this silty-sand has now
been excavated and the post-project béd materials,
as indicated by the composition of the spoil piles -
(Plate 2.12), are generally finer and more cohesive.

. The;e are probably many reaches, particularly at
meander cutoffs, where the post-project channel flows
on clay or silty-clay. The MOBED sediment transport
routine is not applicable to such sediments and it
would tend to ovef—estimate their mobility if a fine,

non-cohesive sand is used instead, as was done here.

(ii) The combination of channel curvature which will lead

to the formation of point bars on the inside of chan-
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(iii)

(iv)

nel bends, and vegetatién eﬁcroachment-ontd these
bars creating favourable conditions for accelerated
further-deposition,'wiil prdbably,lead to energy
losses considerably greatér than those computed by
MOBED, with-its assuﬁptions of rigid sides and a
flat, mobile bed. Thé.Mannidgs n value of 0.03

assumed by the project designers might well prove to-

‘be rather low after a few years of bar formation and

vegetation encroachment.

The project channel'éross~section with its relati?ely
constant 2:1 (locally 3:1) bank slope and flat bed .

~does not correspond to natural river sections for

gently sloping flood >plains with. predominantly
cohesive sediments. Natural river sections wbuld.
tend to have steeper banks along straight reaches and
particularly along the outside of bends. Over time
the Qu'Appelle will probably work towards re-estab-
lishing a more natural channel,cross-éection. This

is another effect that cannot presently be computer
modelled.

Finally, it is quite incdnceivableﬁfor a 10 to 15 m
wide excavated drainage channel, such as the enlarged
Qu'Appelle, to degrade by several metres without also
trying to widen. Since the enlarged Qu'Appeile
channel does not have protected (rip-rap iined) banks
and there is little difference between the bed and
lower bank materiéls, any = tendency towards ‘bed
degradation would immediately 1lead to some bank
erosion which, in turn,‘would increase the sediment

éupply, thereby slowing bed degradation.



Thé other important MOBED prediction besides degradation,
the massive aggradation indicated for a relatively short channel
reach some 10 km upstream of Pasqua Lake, is different in so far
as it does not correspond to any known river process and, to the
writer's knowledge, there are no reported case histories that would
lend support to such aggradation. This prediction can safely be
dismissed as a computational accident without any basis in reality.
Minor aggradation in the deltaic reach is possible, although
improbable. - The vast bulk of the sediment eroded out of any
degrading reaches would clearly end up in Pasqua Lake, not at the
site 10 km upstream of the lake predicted by MOBEDJ‘ |

2.3 INITIAL MONITORING

The project designers are well aware that the Qu'Appelle
River channelization over a 75 km reach constitutes a severe
interference with the natural river regime which might initiate a
not altogether predictable sequence of future channel changes.
Because. of the excéedingly low energy-line gradient over this
reach, it was assumed that any such changes would be very gradual,
leaving lots of time for remedial measures,‘if needed. Conse-
quently, no systematic- -post-construction monitoring was initially
planned. In view of the rather startling predictions of Ehe MOBED
computer model,'a small monitoring program was, however, initiated

by Environment Canada in 1986.

Five monitoring'cross4sections were established in 1985
along the 2 km section ofvenlarged channel below the Craven control
structure. The location of theseISections is shown on the plans
in Appendix 1. The sections were surveyed and monumented in 1986

and checked again in 1988 without finding any significant changes.
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As a second monitoringAsité} a reach of 2.3 kmiof.fibbd‘_
cdntrol channel (4.4 km of pre-project length) a. short distance
downstream of the Highway No. 6 crossing at Fairy Hill~was'docu— 
mented with 15 croés—sectibns~surveyed in May, 1987‘(pre—prdject)
and re=-surveyed in November, 1987 (post—projeét);  Further down-
stream, six post-project cross-sections were surveyed in October,
1987 on the Piapot Indién Reserve, along a 19.2 km section of flood
control channel. The location of all these sections is shown in

Appendix 1,

All the above sections are surveyed and plotted but the

condition of the end-of-section monuments is presently unknown. As

there have not been any significant flows on the Qu'Appelle River
since 1985 when the project was ihitiated (éee Section 1.1.1), and
visual - inspection indicates that no significant changes have
occurred, there has been no incentive to re-survey the monitoring

cross-sections.

_ As part of a training exercise in the summer of 1989, crews
ffom the Water Survey of Canada (Environment Canada) have also
surveyed short channel reaéhes in the vicinity of the two stream
gauging sites, Qu'Appelle River below Craven:Dam'and Qu'Appelle
River below Loon Creek. The surveys consist of 15 and 11 cross-
sections, respectively, centred on the gauging section. Attempts
to re-establish the 1985 cross-sections in the vicinity of Craven

Dam met with limited success due to difficulties in relocating the

" end-of-line markers. As a résult only one of the 1985 sections was

re—established (Ted Yuzyk, pers. comm.).

All the cross-section sites established in 1989 are per-
manently monumented. The two reaches are each approximately 600 m
long. Given the exceedingly flat slope of the Qu'Appelle River,

this study reach is unfortunately considerably too short to give
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any reasonable definition of an energy line gradient. To make
matters worse, both reaches contaln a rlp-rapped cross-sectlon
where, at least at low flows, a 51gn1f1¢ant drop (0.6 m and 0.2 m,
respectively) occurs. In addition to the cross-section surveys,
the two Water Survey reaches ére_also documented with numerous
grdund photographs and bed and bank material samples. A summary
of the information collected below Craven Dam and below Loon Creek

'is included here in Appendices 2 and 3, respectively.

Based on the gauge rating curves the two surveys do allow

an independent determination.of local bankfull flows. Below Craven

Dam, the average river bank elevation is approkimately 491.7 m and,.

acecording to Rating Table No. 13 (April 4, 1979) the corresponding
bankfull flow at that ﬁime was 48.6 m3/s. At the gauge below Loon
Creek the average river bank elevation is approximately 481.6 m and
the corresponding'flow, based on Rating Table No: 7 of May 13, 1977
is 24.8 m3/s. Note that both of these flows are pre-project

estimates of "bankfull Flow". Why they are so much greater than
the "channel capacities" listed in various engineering reports is

not entirély clear, although arguments presented in Section 3.2 may
help explain at least some of the discrepancy.
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3.0 RELEVANT CASE HISTORIES
3.1 INTRODUCTION

In order to develop an understanding of the Qu'Appelle River
and it's probable response to man-made interferences, one first
needs to determine where and how it fits into the broad continuum
of alluvial rivers. This, in turn provides a basis for finding
more or less comparable rivers and for transferring any lessons’
learned there to the QufAppelle. In view of the severe degradation
predicted by the sediment routing model (MOBED), channel and flood

plain slope are particularly important parameters to be reviewed.

3.2 CHANNEL WIDTH

Channel width is the most obvious and also the most reliable
measure of the "size" of a‘river.‘ In the case of a single-channel
river, meandering across a broad flood plain, such as the Qu'Ap~-

pelle, it also tends to be a‘remarkably stable and relatively
easily defined and measured morphological parameter. Numerous

_ studies have shown that it is closely related to some consistently

defined "channel forming" or "dominant" discharge. Commonly used
measures of such a discharge are either the bankfull flow or the
2-year flood. Figure 3.1, from Kellerhals and Church (1989), shows
that channel width is proportional to approximately the square root
of discharge over a range of many orders of magnitude, but there
are clearly some seéonddry factors that also affect channel width.

The main ones are:

(i) the sediment transport regime;
(ii) = bed and bank materials;:

3-1
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(iii) valley slope; and
(iv) the discharge regime.

These factors are responsible for up to an order of

magnitude of scatter in observed Wg values at any given discharge.

If one accépts observed channel capacities as estimates of
bankfull flow, the indicated values for the Qu'Appelle River appear
to be around 7.1 to 8.5 m3/s (Saskatchewan Water Resources Commis-
éion, 1972). Entering with £his'range into Figure 3.1 suggests
that channel Awidth should £fall in the range of 8 to 20 m.
Table 3.1 summarizes various pre- and post-project surveys which
indicate that the prefproject bankfull channel width was signifi-
cantly greater than 20 m, probably more in the range of 22 to 27 m.
This discrepancy is probably caused by the difference between
channel capacity, as see from an engineering point-of-view, and the
morpholdgically relevant "bankfull" flow. In a valley with a broad
and very'low flood plain there can be extensive flooding 1long

before the channel reaches morphqlogically "bankfull" conditions
because major flood plain areas are lower than much of the channel

banks. The process of natural levee building tends to raise

“terrain levels near the channel, but there are‘generally enough low

spots to ensure that all the low flood plain areas are flooded as

soon as the river reaches the appropriate level.

The 2-~year flood discharge is also frequently used as an
estimate of the channel—forming discharge It is both more stable
and easier to determine than bankfull flow and there does appear
to be a reasonably close correspondence between the 2-year flood
and bankfull flow on many rivers. For the two Water Survey of
Canada gauges along the study reach, at Craven and below Loon

Creek, the mean daily 2-year floods are 16 and 19 m3/s, respec-
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tively. 1 Accordlng to Figure 3. 1 this suggests width values. of

‘15 to 30 m, which appears to agree closely with the field data of
‘Table 3.1. L

Post—construction.surveys of the flood control channel indi-
cate that, in general, the project results in only minor increases
in channel width (Table 3.1). The observed range is 23 m to 32 m.
The bankfull flow is however increased significantly and may be as
high as 32 m3/s along much of the post-project channel (Sec-
tion 2.1). Since width only varies as Q to the half power, even
this much higher flow does not appear to require a significantly
wider chandel than what is available.. If anything, the channel is -

possibly somewhat too wide for the available flows.

Figure 3.2 shows a proposed width—discharge reiationship
for flood control channel design (Neill and Yaremka, 1988). . It
too indicates that the observed post-construction bankfull width,
ranging from 23 to 32 m, corresponds to a discharge range of 23 to
130 m3/s, confirming again that'ethe channel 1is, 1if anything,

-somewhat'oh the wide side.

3.3 CHANNEL SLOPE

.Only an overall reach value of natural, pre—project channel
slope is available. Based on a channel length . of 115 km and a drop
of 10.8 m it amounts to 0 000094, There was probably considerable
variation and a general trend of flattening out towards Pasqua

Lake.  The corresponding post-project slopes are listed in

1l Estimates based on log normal distribution fitted by method
of maximum likelihood. A representative value of 17 m /s

has been adopted in subsequent calculations.
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Figure 3.2: Form of regime width plot showing data for quoted rivers (from
Neill and Yaremko, 1988). -
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Tables 2.1 and 2.2. They range from 0.00010 near Pasqua‘Lakefto_
0.00019 upstream of Highway No: 6. . As in the case .of channel
widthy numerous studies have shown that-channel slopé varies with
discharge, generally declining with increasing discharge, but}
contfary to channel width, channelvsldpe is affected by at least
two other factors of equal or even greater impottance than dis-

charge. They are:

(1) bed materials; and

(ii) bed load transport rate.

At any particular channel—formihg discharge, channel slope
can range over at least three orders of magnitude. The Qu'Appelle
River, with its silt to fine sand bed and its low sediment trans-
port rate, can be expécted to occupyithe very low end of all
observed .s1opes within its channel-forming discharge range of
17 m3/s (2-year flood) to 32 m3/s (post-project bankfull flow in

the flood control channel).

Figure 3.3 shoﬁs some sand bed canal and: river data from
Neill, 1973, with the Qu'Appelle range suberimposed. Figure 3.4
is a similar chart proposed for the design of flood control chan-
nels in Neill and Yaremko, 1988. The Qu'Appelle flood control
channel appears to operate at a slope that would not allow it to
transport any significant sand load if such a load were to be
carried into the river reach from upstream or out of tributaries.
The fact that the channel is, if anything, somewhat too wide for
the available flows (Figure 3.2) also tends to reduce the sediment

transport capacity.

Of the flood control channelization case histories discussed

in Neill and Yaremko, 1988, only the East Prairie River channeli-
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zation in Alberta is'potentially relevant to the Qu'Appelle River.

It is described as:follows:

"In its natural state the river had a serpentine
meander pattern and  dense bank ‘vegetation with
chahnel debris, and frequently flooded adjacent
agricultural 1land. The bed was of medium sand
overlying lacustrine clay or glacial till at shallow
dépths. The slope was 0.5 per 1000 or less and the
bankfull discharge about 60 m3/s. .In 1962 a length
of about‘l4 km above the mouth was replaced with a‘
Straight.excavated channel and low setback dikes for
a design capacity of about 140 m3/s on a slope of 1
per 1000 over the upper 11 km and 0.5 per 1000 o&er
the lower 3 km. .

The slope response Setween 1968 and 1984 is illus-
trated in Figure-G [Figure 3.5 in this report]. By
1984 the lower half of the channelized length where
sand is depositing had adjusted to a slope of about
0.3 per 1,000, and the upper degradational half to
about 0.5 per 1,000. A steeper Mnick zone"
(Schumm et al., 1984) had advanced in silt and clay
materials to about 5 km upstréam of the channeli-
zation. Assuming;that bed-sediment transport will -
be low after stability is achieved} a final regime
slope of about 0.2 per 1000 or less has been esti-

mated for the channelized reach."

The important differences between the East Prairie River
and the Qu'Appelle River are that the East Prairie has an entirely
non-cohesive sand bed and plots significantly above the Qu'Appelle

~on the slope-discharge plot of Figure 3.4. This difference between
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the Qu'Appelle and East Prairie Riveré is also indicated by
Figure,3,6, from Keller and Brooks, 1983, which is another study
of-the‘effects_of channelization. Lines A, B and C have been
proposed by various authors as the location of the transitions from
stable‘to unstable channels. Here too the channelized Qu'Appelie
River is much further removed from instability than the East

Prairie River..

The Seine -River diversion, south of Winnipeg, is a more
relevant case history than the East Prairie River because it‘is
excavated into the lacustrine silts of Lake Agassiz (Galay, Block
and Caron, 1970). vThe diversion is approximately 30 km long, with
the design capacity ranging from 93 m3/s at the inlet to 190 m3/s
at the confluence with the Red River (outlet). Mean annual flood
peaks (daily) range fromil6.2 m3/s to 68 m3/s, Slopes range from
0.0011 to 0.00028 and désign velocities, with a Manning's n of
0.025, from 1.02 m/s to 1.75 m/s. This diversion experienced
serious degradation .problems almost immediately. Several drop
structures had to be built to dissipate excess energy. The Seine
River positions on Figures 3.4 and 3.6 confirm the conclusion of
Galay et al. (1970) that the steepest design slopes were an order
of magnitude too steep and the design velocities correspondingly
too high also,

A further relevant case history is provided by the Eyebrow
Lake bypass channel, which is a channelization of the upper
Qu'Appelle River around Eyebrow Lake (Figure 1.1 and Plates 3.i-to
3.3). The design capacity is 11.3 m3/s and the overall slope is
0.00012 over a reach of 9.8 km length. After two years of opera-
tion, during ‘which flows reached design -capacity on several
occasiohs, the channel shows no signs of degradation and only minor
bank erosion. Sediment deposition and vegetation encroachment have

occurred, as illustrated on Plates 3.2 and 3.3.
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March 24,

M 88-35-30

Looking south, Jdownstr2am of Eyebrow Lake

Looking north at Eysbrow Lake

Znlariad section of rhe Ju'dppelle River in ths
tyebrow Lake.
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March 24, 1988

March 24, 1988

Plate 3.2:

M 88-34-04

Enlarged saction of the Ou'dppells River downstream I Byebrow
Lake illustrating minor oank 2rosion, point tar Javelcoment and
vegetation encroachment into the channel.
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March 24, 1988 1 88-35-21

} .

1

March 24, 1988 M 88-35-24

Plate 3.3: u'Appelle River downstrzam of Eyebrow Laka, showing minor Dank
aroasion and point bar development.,
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The Assiniboine River (Portage) Diversion and the Red River .
Floodway are both straight, low-gradient flood-bypass_chahnels
-built mostly in lacustrine clay. Their désign flows are one to two
orders 6f magnitudé Qreater than the design flow of the Qu'Appelle.
channel, but the gradients, which range from 0.00009 to 0.00023 are
similar to the Qquppelie River gradient. A study by Penner and
Vitkin (1978) found very little evidence of erosion after 7 to 8
years of operatidna\ Since both the velocities and the boundary -
shear forces (tractive force) are considerably greater in the two
flood-bypass channels than in the enlarged and shortened Qu'Appelle
River channel, these resdlts indicate that significant degradation
of the Qu'Appelle into the underlying cohesive sediments is most

unlikely.

No case histories indicating bed degradation in the slope-
dischafge range of the Qu'Appelle flood coﬁtrol channel could be
located. It appears that the channel slope falls somewhat below .
the slopes .of ccmbarable stable, straight irrigation canals}
indicating that the design slope is, if anything, relatively low.
Since the natural, meandering river channel operated at an even
flatter slope, the'incoming bed material load must be exceptionally

low.
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4.0 PREDICTED MORPHOLOGICAL CHANGES
4,1 TIME SCALES FOR MORPHOLOGICAL CHANGES

Morphological change operates at a very broad range of time
scales. While £low-dependent aspects'_of morphology such as
velocity, depth, local sediment transport and type of bed forms
might change at a scale of hours,; channel plan form (pattern) or
reach slopes might be subject to changes that take centuries to
become clearly defined. Cross-sectional parameters such as channel
width or channel depth (below the flood plain) are likely to change
at rates that become definable over periods of a few years to a few

decades.

In the present context, where a natural, stable and well-
defined channel morphology has been disturbed abruptly by human
interference, it may be most appropriate to look at four time

scales of morphological change:
(i) the initial abrupt man-made disturbance;
(ii) expected short-term changes over periods of a few years:

(iii) expected medium-term changes over periods of a few decades;

and
(iv) 1long term changes over many centuries.

Since the rate at which morphological changes can take place
depends greatly on the occurrence of floods, the stated time ranges
- need to be interpreted accordingly. After a ten-year period of
very low floods one might still see "short-term" changes, but a

ma jor flood might place one immediately into the "medium" term.
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Table 4.1 is set up to summarize the morphological changes
on the basis of the above time scales. The alternative approach
of addressing change according to the affected parameter is adopted

for the remainder of this section.

4.2 CHANNEL WIDTH, BANK EROSION, CROSS-SECTIONAL SHAPE AND
SINUOSITY

The intent of the project designers was not to widen the
channel significantly and what little monitoring data is available
bears this out. As indicated by Table 3.1, thé new channel may
have a slightly greater bankfull width than the existing channel,

but it also has significantly greater bankfull flows. The river
could readily increase its width by way of bank erosion. Width

reduction is only possible through. deposition of suspended load

onto the excavated banks, a very slow process.

Since the available evidence suggests that the new channel
is, if anything, slightly‘tod wide, we ekpect no significant width
changes on the intermediate term. The long-term equilibrium width
will probably also not differ greatly from -the design channel
width,

Localized bank erosion should be expected at numerous sites,
particularly on the outside banks of sharp bends. In long straight
reaches the river will probably develop a meandering tendency,
attacking alternate banks at reasonably regular spacing. Straight
reaches with sharp upstream bends such as those shown on Plate 2.10
(Muscowpetung‘ Reserve) 'are most likely to develop meandering

tendencies.



TABLE 4.%: SUMMARY OF ANTICIPRTED CHANGES IN CTHRANNEL MORPHOMETRY,
SEDIMENT TRANSPORT RND CONVEYANCE
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- On the inside of bends, point bars will gradually accumulate -

and change the shape of the sections from their present trapezbidali
form to a more natural, triangular shape. Material accUmuléting in
the channel will gradually reduce the cross-sectional area, but it

will only revert back to its natural size on the long term.

In the past the meander bends of the QuiAppélle River have
migrated slowly across the flood plain. This process will continue
at a somewhat faster rate, due to the increased river slope and due
to the increased in-channel flows. On the very long term this
process will try to re-establish ‘the much greatef, pre-projeét

sinuosity.

4.3 SLOPE, DEPTH AND CONVEYANCE

Since the steepened, post-project channel slope is well
within the stable range of slopes for the prevailing bed materials,
there will be not widespread channel degradation. On the medium
term there might be minor local degradation of order 1 m at sites
where there has been pérticularly severe channel shortening,  such.
as at Craven. Aggradation will be the prevailing, albeit slow,
process along most of the channel iength;' ‘Due to sediment
accumulation in the enlarged channel, average bed levels will
probably rise, but only ve’ryAslowly° ~Thiszwill gradually réduce

the channel depth and with it the channel conveyance.

Végétation encroachment into the channel will affect
conveyance almost immediately, however the reduction in capacity
will become more noticeable over the medium term as shrubs, such
as willows, gradually replace the initiailground cover of herba-

ceous plants. Beavers are also likely to become more widespread




. following. shrub deVelopment and dam construction will cause a

further reduction in conveyance.

4.4 SEDIMENT TRANSPORT

~Many channelization projects have resulted in unstable
channels with excessive sediment transport capacity. Such channéls
degrade their bed or erode their banks to sa;isfy the excess
transpoét capacity. These processes are self-perpetuating and may
take cen;uries to run their course. In the case of the Qu'Appelle,
all the comparative evidence suggest that the threshold towards an
unstable, eroding channel has not been crossed. The overall trend
will likely be towards slow sediment accumulation in the channel
on the medium to long term, local bank erosion not withstanding.
The Qu'Appelle delta in Pasqua Lake will receive significant slugs
of sediment during the first few post-project floods, but on the
medium to long term there will be only minor increases in sediment
delivery to the delta. Elsewhere along the channel, local sediment

transport rates will be somewhat greater than natural, but mainly

due to the more active bank erosion and point bar deposition. The.

overall sediment budget. of the study reach’ should not change

significantly, even on the long term.
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5.0 RECOMMENDED.HONITORING PROGRAM
5.1 OBJECTIVES
On the basis of the analyses presented in Sections 3 and 4,

the objectives of any program to monitor the effects of the

Qu Appelle River channelization pro;ect should be as follows-

(i) "£to determine the general style and rates of channel response

to the conveyance improvements.

(ii) to prov1de sufficient cross- sectlonal 1nformat10n to deter-
mine whether the substantial channel degradatlon and
aggradatlon predlcted in Krlshnappan, 1986 are, or are not,

.occurrlng, and

(iii) to assess whether the channel'improvements have indeed
resulted in the projected conveyance capacity and to

determine whether this capacity is maintained over time.

. The information collected by such a program wquld‘éllow the early

detéction of any potentially deveioping probiemé and provide a
basis for predicting the effects of any similar project'which might

be undertaken in the future.

As indicated by the discussion in Section 4, the-anticipated

effects of the Qu'Appelle River Chanhelizatién'pfojéct will most

likely occur slowly and progressively. Nevertheless some rapid

changes in river morphometry could occur during a large flood. The

recommended monitoring program (discussed below) is  therefore

~ principally directed towards quantifying long term progressive

changes, however the ability to document the effects (or absence

of effects) arising from a large flood have also been incorporated.




5.2 RECOMMENDED STUDIES

In order to achieve the specified objectives a monitoring

program is proposed which includes:
(i) river cross-sectional surveys;

(ii) obtaining a small number of bed material samples in the

vicinity of the river cross-section sites;

(iii) obtaining periodic 35 mm photographs or video imagery at
representative locations to document changes in river

morphome try;

(iv) determining onwgoing«chaﬁges in channel planimetry on the
basis of aerial photographs (taken by the provincial govern-

ment or other agencies):

(v) monitoring water level trends at WSC gauging sites; and

(vi) undertaking field inspections to document the effects of

any large flood, should one occur.

. Given the limited nature of the anticipated morphological
changes, an extensive (and hence expensive) monitoring prbgram is
not justified. The recommended studies are therefore limited
either to a small number of sites of particular interest or are for

work that can be undertaken with relatively little effort.
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The details of the recommended>program are outlined below:

'
-

5.2.1 River Cross=Sectional Surveys
As indicated in Section 3 and Appendix 1, as-constructed
river cross-sections have been previously surveyed at the following

sites:;

# of Sections Location

5 - downstream.of the Craven Control Struc-
ture ‘ '
- 15 vicinity "Qu'Appelle River below Craven

Dam® gauging station

15 downstream of the Highway 6 érossing.of
Fairy Hill
11 -~ vicinity "Qu'Appelle River below Loon

Creek" gauging station

6 " Piapot Indian Reserve

These sections provide a sufficient breadth of coverage that
any massive degradation or aggradation as predicted by Krishnappan
(1976) would be detected. It would however be desirable td‘
establish one or two more cross=-sections in the vicinity of the

gauging stations so that the slobe of the river can be determined
accurately. In addition, a small number of sections should be

established near Pasqua Lake. Suggested locations for such surveys

are shown in Appendik 1.
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It is important that all cross=-section survey vlines be
permanently monumented and identified in the field° The authors
have found that 2-3 ft. sections of 15 mm diameter rebar make good
markers, but their ability to,withstaﬁd frost-heave in the fine-
textured sediments of the Qu'Appelle Valley needs to be ascertained
by asking a local éurveyor. Plastic survey tags can be used to
identify each piece of rebar, however experience indicates such
tags disintegrate after 3 to 5 years exposure to the sun. A better
approach is ‘therefore to stamp reference numbers onto small pieces

of plate aluminium and attach these to each pin with galvanlzed

wire.

Even with the establishment of permanent monuments it can
be time-consuming to relocate the cross-sections after a period of
a few years, due to vegetation growth, overbank sediment deposi-=
tion, etc. With the use of a so-called "total station", it is now
possible to establish a survey grid qu1ck1y which will allow the
"rod man" to be directed to within a few centimetres of the
breviously-established pins. Cross-sections can also be rapidly

surveyed with these instruments and their use is therefore to be
encouraged.

The frequency with whicﬁ cross-sectional surveys should be
repeated will to some extent depend on the results of the photo-
graphiec monitoring program discussed in Section 5.2.3. A reason-
able initial scheduie would be apprbximately 5=-year intervals.
Monitoring should be continued until at least 3 sizeable floods
have occurred, or until it is félt that the chanhel response to the

improvement project has been adequately documented.
All cross-section surveys should be plotted up at the same

‘scale and overlaid to show any changes (or lack thereof) in channel

morphome try.  Where changes are fodndp the ground photos (discussed
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in Section 5.2.3) should be inspected to determine the cause. and
spatial extent of the processes responsible. This information
should be documented in a "working report" as soon as it is

noticed.
5.2.2 Bed Material Sampling

Bed material size can be expected to change if any signifi-
cant aggradatibn or degradation occurs. Approximately three bed
material samples should therefore be taken in each of the areas
where cross-section data has been obtained.fﬂThe samples should be
taken from mid-channel and the site identified in a manner which
would allow subsequent samples to be taken from the same location.
Samples.shoulq be obtained and analyzed using standard Water Survey

of Canada techniques (Ashmore, Yuzyk and Herrington, 1988).

» It would be desirable to obtain all bed material samples at
a fixed time of year in order to reduce the potential for seasonal
variation in flow to influence the results. The grain size
distribution curves should be plotted up and data from individual
sites compared in order to detect any trends towards increasing or

decreasing size.
5.2.3 35 mm or Video Imagery Taken on the Ground

Vegetation encroachment and sediment debosition are factors
which will affect both the channel cross-sectional area and channel
gonveyance capacity. As illustrated on Plates 3;2 and 3.3,
sediment deposition and vegetation establishment will not occur
uniformly along the river channel and hence a large number of
cross=-sectional surveys WOuld be required to document the magnitude
and-spatial extent of these processes. This effort is not justi-

fied as 35 mm (or other format) photography can adequately document
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these changes.' To be of most benefit, photographs should be taken
at permanently_mafked sites such that repetitive: photography can
be obtéined from the same position and can be readily compared.
Early fall is likely thevbest time to take. the photos as the water
levels will be relatively low and the extent of annual vegetation
development should still be evident. It would be desirable to take
the photography with a "standard lens" rathér than a wide-angle or
variable lens as this facilitates photo comparisons, particularly

if different cameras are employed over the course of the project.

Repetitive phdtographic studies tend to result in the
collection of many photographs and this material can be difficult
to summarize in a manner which can be readily distributed, due to
both the volume of material collected and the cost of prepafing
duplicate colour prints. ‘Videotapevhas the potential‘for partially
overcoming these problems as this medium is well-suited for
displaying large quantities of imagery~at'nomina1 cost. It might
therefore be desirable to obtain video imagery at each of the
permanently monumented photographic sites as this would eventually
allow the preparation of an edited tape documenting the results of
the study. A variefy of video formats are now in use and these
providé a range in image quantity. If possiblé a.“high resolution
camera" (i.e > 400 lines per inch) should be used sucﬁ that high

quality duplicate copies can be prepared.

Sites at which it would be desirable to obtain ground

imagery are as follows:

(i) looking upstream and downstream towards all river cross-

sections discussed in Section 5.2.1; and
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(ii) lboking upstream and downstream from all bridges over
Qu'Appelle River in the area between Lumsden and ‘Pasqua
Lake.

- Imagery should be taken:

(i) . whenever the cross-sections are re-surveyed;

(ii) during or following a flood large enough to cause bankfull

conditions or, in the absence of either. (i) or (ii):

(iii) every 5 years until such time as the effects of the
Qu'Appelle River Channelization Project are thought to be

understood and are well documented.

All photos should be systematically catalogued and dated.
Bach new set of photos should also be reviewed and a "working
report" should be prepared dbcumentﬁng what changes have occurred
to date. TheAphotographic program should be modified, as required,
to reduce coverage at sites where little change is occurring or
allow better illustration of aﬁeas of particular interest.

5.2.4 Analysis of Aerial Photography

Comparison of a historical sequence of aerial photographs
provides an excellent method of documenting changes in river
planimetry and morphometry. However, based on the assessment in
Section 4, it is unlikely that this monitoring project justifies
the expense of flying special‘photégraphy and therefore air photos
flown for other purposes will likely have to be used for this part
of the monitoring program. Never-the-less, aerial photography

provides the best method of documenting the spatial extent of any



éhange in river morphometry and would allow the extrapolation of

the results obtained from the cross-sectional survey sites.

Thé aerial photography scale determines how huch change in
river position must occur be tween successive photo flights in order
to be detected. For example, using a higﬁ resolution analytical
plotting instrument, the planimetric accuracy of measurements f£rom
air photbgraphs can be réughly estimated from the following
equation. 1

PA = 0.000166 x S

- where PA is the planimetric accuracy in metres and S is the photo
scale denominator (e.g. 12,000 for 1:12,000 photography). For
example, the 1987 photography was Elown at a scale of 1:20,000 and
the planimetric acecuracy achievable using a high precision photo-
grammetric plotter is approximately +/- 3.3 m. Greater than
approximately 7 m .of bank retreat must therefore occur between
successive air photograpﬁs in order for the change in river bank
poéition to be reliably discriminatedg Corresponding average
annual rates of recession, based on different periods between
successive air photo coverage, are shown on Table 5.1 for a variety
" of air photo scales, If comparisons of river bank positions are
to be undertaken with less sophisticated equipment, the planimetric
accuracy would be correspondihgly less and hence larger scale
phgtography (or a larger time period betwéen successive measure-
ments) would be required. Using simpler equipment (such as ad
enlarging mirror stereoscope and a digitizing tablet) and assuming
changes in river bank position can be detected by comparative
measurements of the distance to a wéll-defined reference point

(rather than through changes in bank position), horizontal

1 goe Car, Surveys and Resource Mapplng Branch, B.C. Ministry
of Environment and Parks.
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distances can be measured to an aécuracy of approximately +/-
0.25 mm. Cortesponding rates of erosion which can be detected for

various scales and periods between photography are shown on
Table 5.2.

The field inspection of the enlarged channel in the vicinity
of Eyebrow Lake in. Maréh of 1988 suggested that maximum bank
eroéion has been on the order of 1 m in the 2-year period since
construction. Aerial photography would therefore have to be flown
at a scale of approximately 1:5,000 in order to detect this low
rate 6f bank recession 6ver_a period of 5 to 10 years. Flying such
large scale photography would have the gdvantage that sediment
accumulationsvand vegetation establishment would also be visible.

Another factor which influences the choice in photographic
scale is the Width of the’valléy flat as it is generally desirable
for the full valley flat width to be visible on one air photo,‘ In
order to minimize the effects of distortion (particularly when
using simple measuring devices which do not allow photogrammetric

restitution) it is beneficial to have the valley flat area centred

in the middle one-third to one-half of the photographs. As the

“valley flat width is 1,500 to 2,000 m, the"fequired scale of
photography would be on the order‘of 1:20,000. Air photos at two
scales would be ideal, one set to show channel details and another
to show overall changes within the entire valley flat area. These

requirements should be brought to the attention of the government

agencies who routinely fly aerial photography of Saskatchewan, if.

there is any possibility of influencing their programs.

, The optimum time interval between successive photo flights
will, of course, also vary with the scale of the photography and
the amount of bank recession that has occurred. Given the low

rates of bank recession that have beeh predicted, there may be

5-10




b N aE N

- O e

- .

TQBLE 5.2

AVERAGE - RIVEREANK RECESSION RATES WHICH CAN EE RELIARLY -

DISCRIMINATED USING A MIRROR STEREDSCOFE AND DIGITIZING
TAELET AS A FUNCTION OF ELAFSED. TIME EBETWEEN QUCFEQ“TVF
AIR FHOTO COVERAGE AND AIR PHDTOFRAPH SCALE

FHOTO SCALE: 1@

FERIOD !
BETWEEN AIR
PHOTOS

(yrs) |

5006 T10000 112000 115000 20000 259000 'TO000 40000 Vadodo
FLANIMETRIC ! ! ! S ! ! P v :
ACCURACY = 1 1.235 | 2.50 | T.00 | 3,79 | S.00 | 6.25 | 7.50 110,00 TS, O
(m) ! ! ' ! ! ': b . 1
MINIMU; t ! | : ! ! ———} o g—f-—~~7w« ' :
DETECTABLE | 2.30 | S.00 | 6£.00 | 7.50 110,00 2,50 L15.00 150,00 130,00
EROSION (m) ! o | ! 1 H | o : v

DETECTAELE AVERAGE ANNUAL RE

1

80

Q0

Q0

Q.04
Q.04
Q.03
Q.03

DL 03X

5.00

1,00

0. 08
0.07
0.06
0. Ok

Q.05

. Q0
.20

Q. 6O

0,10

0,09

=11
0, O
0. 08

Q.08

1
1
10,00 112,50
\
Z.00
d. C)(:)
o e

(e i}

Q.33

Q.20
- 17
0. 14 0. 18

0. 13 .16

1
]
)
1
!
1
1
1
1
1
]
1
i
!
”~ 1oy T
)...:'5 R B G |
L
¥
!
]
1
)
]
1
H
1
1
)
b
¥
¥
1
]

O.11 V 0u14

O.10 1V 0L13
1

This table assumes that changes in riverbank
detected by comparative measuwrements of the distance to & wsll-
defined reference point.
on the availability of appropriate reference points.

Achievable results

CESSION. (m).

1
]
1
1
1
H

POELOO E 4,000 1 4,00
b b :
PLLE0 1 EL00 1 T
i ! :
POLTS O 100 L Ee
! : '
1
POLEQ L 0LET L 00
: : ;
POLIE 0.0 0, TE
1 1 1
i i 1
POLI0 L 0040 1 0L &0
s ! !
O.25 1 0.FR 1 0,30
' i

i
1
!
P01
1
|
1
E
H
t

0,19 1V GLEn 0 0, re
. i %
] 13

V0L QLuET Y 0 RET
1 ] ]
1 P ¥

VOIS D DLED Y D E0
1 1 H

1 1

position can bhe

will wvary dependina




little benefit in obﬁaining photography more frequently than every
5 to 20 years.

Another option for obtaining low-cost aerial imagery would

‘be to use a high-resolution video camera. While this format would
not permit the photogrammetri¢ analyses which could be undertaken

with conventional photography, it would:

(i) document any changes in river conditions in the region

between areas being monitored on the ground; and

(ii) provide an overview of the study area which could be edited
into the video imagery taken of the long-term monitoring

sites established as part of Recommendation 5.2.2.

Another advantage of this oblique video imagery is that it is
ideally suited for documenting the extent of overbank flooding,
given that a small plane can be quickly and inexpensively obtained

in Regina.

5.2.5 Monitoring Water Level Trends at Water Survey of Canada
Gauging Sites

The rating tables showing the relationship between water
level and stream discharge at the Water Survey of Canada gauging
sites provide a basis for monitoring changes in channel conveyance
capacity. Water levels associated with a range in discharges at
the gauging sites "Qu'Appelle River below Craven Dam" and
"Qu'Appelle River below Loon Creek® are shown on Figures 5.1 and
5.2. The data from "below Loon Creek" are.particularly interesting
Aas they show a substantial decrease in water leveis in 1986. These

graphs should be extended as new rating tables are prepared in
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Figure 5.1:

Historical varlatlons in water level corresponding to a range in river dlscharges
at the Water Survey of Canada gauge "Qu'’ Appelle Rlver Below Craven Dam"
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order to document how the channel conveyance improvements have

affected water levels and how these effects vary over time.

5.2.6 Verification of Channel Capacity and Documentation of the
Effects of Flood Discharges

As indicated in Section 2.2, the main objective of the
Qu'Appelle River Project was to achieve a channel cohveyance of
14,2 m3/s with a minimum freeboard allowance of 0.3 m. However
analysis of "as-built" drawings suggest that bankfull capac¢city may
actually be on the order of-32'm3/s (see Section 2.1). It would
therefore be desirable to verify what the actual bankfull cépacity
is, Flows approaching bankfull‘capacity are also those which will
most likely result in significant changes in channel morphometry
(as larger flows will be accommodated by overbank flooding). A
program to observe these flows, map the areas of overbank flooding
and document ice jams or other processes which adversely affect

channel stability or éapacity therefore appears to be warranted.

The gauging station Qu'Appelle River below Craven Dam is
equipped with a Satellite Collection Platform and "realctime
estimates of river discharge are therefore available. These flows
should be monitored each spring and a field inspection should be
conducted when flows approach the predicted bankfull capacity.
Highwater levels within the improved section of channel should bé
noted (along with the time of observation) and areés of overbank
flooding should be mapped either onto air photos or project maps.
Areas undergoing significant erosion should be photographed énd any
processes (such as ice jams) which are'adversely affecting bank

stability or channel conveyance should be documented.

The above field inspection could be undertaken by car, but

it would be more efficient to conduct an initial survey by small



fixed-wing aircraft to map areas of overbank flooding and identify

sites requiring field invéstigation. It would ‘be desirable to

obtain some'oblique aerial photogréphs or video imagery to illus-
- trate any report which might be.produced as a result of this field
work. Any camera used for such purposes should, of course, be
fitted with a polarizing filter as this can frequently enhance the
ability Eo, discriminate infsitu'_melt water from more heavily

sediment-laden overbank flood discharges.

5.3 .CONCLUDING COMMENTS.

The field component of the monitoring program described in
this report can probably be undertaken by a crew of 2 in
approximately 1 to 2 weeks. In compérison to latter cycles, the
Ainitial survey will however require some additional effort in order
to establish the required permanent monuments. Data reduction and

report preparation will likely require 2 to 3 person weeks.

Given the relatively small changes which we feel are likely
- to result from this project, there is some question whether even

the small amount of monitoring work described above is justified.
Given the dramatic results predicted by Krishnappan (1986), and
given the probability of other, similar channelization projects
being built in Séskatchewan,'we believe that a well-documented case
study would be well worth the effort. One way of reducing staff
time would be to undertake the recommended field studies as part
of a periodiec training exercise for Inland Waters Directorate or
Saskatchewan . GoVernment‘ personnel. The cross-section surveys
undertaken in the summer of 1989 were conducted as part of such a
training program and, given the relatively easy access from Regina,

this project appears ideally suited for such purposes.
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APPENDIX 1

Plan of the Qu’Appelle River Conveyance
Improvement Project showing the location of
established and proposed river cross-section
surveys. I :

' These plans have been reduced to fit the

publication. If larger prints are required
please contact:

Regional Chief

‘'Water Resources Branch
Environment Canada
Room 300, Park Plaza
2365 Albert Street
Regina, Saskatchewan
S4P 4K1

306-780-5338
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APPENDIX 2
QU'APPELLE RIVER BELOW CRAVEN DAM

Results of river cross=-section surveys and bed

.material sampling conducted by Water Survey of

Canada staff in June, 1989.

NOTE:

All Figures, Tables and Plates were supplied

. by Ted Yuzyk, Sediment Survey Section, Water

Survey of Canada, Environment Canada, Ottawa.
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(APPROX. To scale)

IS CRoSS SECTIONS

Locations of cross-sections surveyed by the Water Sufvey of Canada in June, 1989




NOTE

REPRESENTATIVE PHOTOGRAPHS |

All photos were taken in June, 1989
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Looking downstrzam to cross-saction D2.
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RIVER CROSS-SECTION SURVEYS
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SEDIMENT SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (0O5JK003) SEC. ID.-U4
/04/90 , PAGE { SUR EYED JUN 14, 1989
DTTAWA'QNT_ LR I  E S S E RS S R M MUM CLEVATI N = 487_
* ELEVATION - AREA TABLE = ASSUMED MINIMUM DATUM = 487.00
. *********4****************# .
: ********************************************************#*****{k*********.*'******************#**#***##t***********t****************
*  EL RYIA ION ACC, AR§A ¥ ELEVATION ACC, ﬁnga * ELEVATION ACC. AREA % ELEVATION ACC. AREA *
********#***********************t****#******&*m*****gti’g#*****************************ig*w&**********s:***&************%g**********
* * * * *
*  487.50 .55 * * * *
* ¥* * * ¥*
* 487.75 2.91 * * * ¥
* - & * * ¥*
*  488.00 6.26 * * * *
* * * * *
*  488.25 10. 15 * * * *
* . 3 * * *
¥ 488.50 14.35 * ® * *
a* * * * *
*.  48B.75 i8.75 % * * *
* = = = *
*  489.00 23.3% * * * *
* . * * * *
* 488.25 : '28.10 * * = *
* . * *x i ¥*
*  489.50 33.08 % * % *
* * * * *
*  489.75 . 38.37 * * * *
* £ * * *
*  490.00 - 43.84 * * * N *
a* * *® * %
* 490.25 : 49.50 * * * *
a* * * * *
*  490.50 55.40 * * * *
* a* * * *
*  490.75 61.55 * * * *
* Rk * * * *
*  491.00 67.95 * * * *
* * * * *
*  491.25 74.59 * * * *
* * * * *
*  491.50 81.44 * * ® *
* ¥* * * ¥*
N 491.75 - 89.08 ; N . : N
*******#*******#*t****t***#*************#********#**************#*t#******#***************t*****t*#t*****##**********#******%****
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (05JK003} XSEC. ID.-U3

20/04/90 , PAGE 1 SURVEYED JUN 14,1989

OTTAWA,ONT. . pitiaiiaiob ool dsguiuied MINIMUM ELEVATION = 488,
: ’ ’ * ELEVATION - AREA TABLE *# : ASSUMED MINIMUM DATUM = 487 .50

IR L EL LA AL Ll

Rk Aok AR AR R Rk A R Ak Ak ARk Rk ARk Rk kR Rk kAR ko kR ke ke k ok kk ook ko k kh ko ko Rk ok okk ke hk ko Rk Rk kh ok Rk ok ko k ok kA Ak A ARk kR kA k kA Ak Rk kkk

) : EL!(-IMA';ION ACg. AREA : ELEVATION ACC. AREA : ELEVATION ACC. AREA : ELEVATION ACC. aREA :
*******;**************2**;*************;*************59*5;*************;*************é***;*************;*************é***;*******
* * * * *
* 487.75 .40 * * * *
* * * * *
* 488.00 - 2.78 * * * *
* * * * *
* 488.25 5.72 * * * *
* * * * *
* 488.50 9.12 * * * *
* . * * * *

T o* 488.75 12.83 * * * *
* * * * *
* 489.00 16.75 * * * *
* * * * *
* 489.25 20.87 * * * *
* * * * *
* 489.50 25.27 * * * *
* * * * *
* 489.75 i 29.93 * * * *
* * # * *
* 490.00 34.73 * * * *
* * * * *
* 490.25 39.58 * * * *
* , * * * *
* 490.50 44 .56 * * * *
* . . * * * *
* 490.758 49.72 * * * *
* * * % *
* 491.00 55.05 * * * *
* . : * * * *
* 491.25 60.55 * * * *
* * * * *
: 491.50 68.65 : : : :
*************************i*******?************************************************************#**#*******************************

.
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (05JK003) XSEC. ID.-
20/04/80_, P 1 : SURVEYED JUN 14, {989
OTTAWA,ONT. _ : et ok ok o ok ok ok ok R K R MINIMUM ELEVATION = 48

: * ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 486 .50

3 3k o 3 2Ok kK ok 3k 3 K ok 3 3 3 8 % o ok ok oK kKoK O

A e e o ok e e 3 Kk 8O ok 3K ok ok ok Ok Kk ok ok ok 3 o ek ok a3 a3k ok 3k K ok 3 3k sk ki ol sk 3K ok 50k 3 ok o ook ok o 3360k o ok o 3 K o ok 0 K K oK 3 3 ok Ok ok ok 3 o ok ol 3 30k Sl sk ok S o Ol ok K ok k3 30k ok 3k 3k ok k0K K 3 K 3 ok ok ok ek kol ok ok ok ok ok ok

* EL;(;VA 10N ACC. AREA * ELExA IDN . ACC ARsA * ELEVATION ACC. AREA x ELE&ATIUN . ACC. aREA X
****************t***************************8***tt****t*****************#*************************#******************************_
* * * * *
*  487.25 .79 * * * *
* ¥ * * *
*  487.50 a.24 * * * *
* * * ¥ *
*  487.75 : 6.36 * * * *
* : * x *® *
* 488.00 . 16.13 * * * *
* . * * k3 *
* 488,25 . 14.47 * * - * *
* . * * * *
*  488.50 i8.98 * * * *
* * * * *-
*  488.75 23.67 ¥ ® * *
* * * * *
*  489.00 28.50 * * * *
* , * * * *
* 489.25 : 33.47 * * * *
¥* . * * * E
* 489,50 : 38.58 * ® * *
* * * * - *
*  489.75 . 43.86 * * . * *
* * * * *
*  480.00 49,32 * ¥ * *
* . * E 3 * *
* 490.25 54.96 * & * *
* X * * * x
*  490.50 60.78 * * * *
* * * * *
*  490.75 66.80 * * * *
* N & * * %*
*  491.00 72.99 * * b *
* . * * * *
: 491.25 79.84 * * ) * *
****'*****************#****t**************************************t*****t*****#***********************#************.**4:***********#
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! \ B y - | 4 . i 3

* SEDIMENT SURVEY SECTION QU APPELLE ‘RIVER AT CRAVEN DAM (0O5JK003) . . SEC. ID.-U{
20/04/90_, PAGE 1 SURVEYED JUN 14,1989
- OTTAWA,ONT. bbb duludalubduhd b dulalubdhg MINIMUM ELEVATION = 488,
E * ELEVATION ~ AREA TABLE * ASSUMED MINIMUM DATUM = 487 .50

ok A Ak G R KKK kK K R K K

o oK o o e oo ko o K oo o o oK o o o o 8 o Kk ok o o o K ko ke o ok o o oo o o o o K ko oK o ok oK ke K oK oK oK K ot ok ok K K ko K oK KoK o o oK oK o ok o o o oK ke ook ook o oK o o ok oK oK o o o oK oK o ok

: ELEVATION ACC. AREA : ELEVATION : ACC. AREA : ELEVATION ACC. AREA : ELEVATION AC(SIé aREA :
*******i*************t**t%*************i*****#*****t*§9*¥it***********git*******t****§9*’:i**x**t*****t*i*ttt****t********i***t***
* * * . * *
* 487.75 .29 * * * *
* . * * * *
* 488.00 2.85 * * * *
* * * * *
* 488.25 6.41 * * * *
* * * * *
* 488.50 10.36 = * * *
* * * * *
* 488.75 14.73 * * * *
* * * * *
* 489.00 19.38 * * x *
* . * * ® *
* 488.25 24.22 * * * *
* ) - o * * #*
* 488.50 29.28 * * * *
* £ * * *
* 489.75 ' 34.50 * * * *
* : * * * *
* 490.00 39.87 * * * *
* i . * #* = *
* 480.25 - . 45.39 * * * L *
* * * * *
* 490.50 - 51.05 * * * *
* . * * x *
* 490.75 56.90 * ¥ * *
* : * * * *
* 491.00 63.04 * * * *
* . i * * *® *
* . 4891.25 65.72 * * b *
* * * * *
* 491.50 : 78.09 * ® * *
* : * * * *
: 491.75 89.06 : : : :
ok oo o K K K oK K o oK oK KKK o oK K T e o o KK R o KK K R o K ok ke oK o T o K ok T ok o ok ok ok K T ke ok o o K o o o o ok ok ok sk o e ok o ok i RO o oo R ke o ok K K K T ok kK
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WAT7R URVEY OF CANADA QU APPELLE RIVER AT CRAVEN DAM (0S5JK003}
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, PAGE ¢
SEDIMENT SURVEY SECTION
PROFILE DATA

XSEC. ID GAUGE . SURVEY DATE JUN 14, 1989
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (0O5UK003) XSEC. ID.-GAUGE
GE 1 o SURVEYED JUN 14,1989

OTTANA ONT . ol ok ok ok o ok ok ok okl o R R R K ORR K K MINIMUM ELEVATION = 487.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487.00

3 e o e o o o o ok ook ok ke ook kol ko K ok Kok

2 o 3 e ok o oK R A OK ook ook o ok o ol Sk ko ok o ek ok ok e o ook e ok R s s sl ok o ok o ok ook ke s sl ok koK i ok s o oK ol ol o R ko o ol o ol sk o ok R Kok sk K ok s s ook ke oo oK o 3 e ok oK o o K oK e ok ok ok ok K ok K

: ELEVATION ACC. AREA : ELEVA';IDN ACC, AREA : ELEVATION ACC. AREA : ELE%M’ION ) ACg AREA :
****t**t************g**********#**************************t**********************************************************************
* * * *
* 487.50 .01 * * * *
£ * * * %
* 487 .75 .95 * & * *
* * * * N *
* 488.00 2.47 * * * *
* N * * *
* 488.25 4.27 * * * *
* . & * * *
* 488.50 6.36 * * * *
* * *® * *
* 488.75 8.79 * * * *
% * * * *
® 488.00 11.58 * * * *
* * * * *
*  489.25 14.64 * : * *
* . * B * *
*  '489.50 17.95 * * * *
* & * * *
* 489.75 21.51 * * * *
* * * * *
* 480.00 25.32 * = * *
* % * * *
* 490.25 29.39 * * * *
* * % * *
* 490.50 - 33.68 * * * *
* * * * *
* 490.75 38.18 * * * *
X . * * * *
* 491.00 42.90 * * % *
* * * * *
* 491.25 47.88 * * * *
* * * * *
: 491.50 ' 53. 14 : : : :
ook 3 s ok o ok ok koK sk sk Kok ok ke ok 3k o 3 i ok 3ok ok sk ok o o ok ok ok ok 3 gk 3K ok ook sk sk ok ok ok sk K ok K ok Ok ok ek 3 3 e o 3k 30 R ok 303 sk o 2t ok 3t ok oK M 2k 3 K 3t ok ok ook ok 3 o ok ok ok ok o ok 3 ok 3K ok ok 3 3k Sk ok ok 3 K 3k oK ok o K K oK
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UAT;R URVEY OF CANADA QU APPELLE RIVER AT CRAVEN DAM (OSUKO003)
20/04790

., PAGE
SEDIMENT SURVEY SECTION
PROFILE DATA

XSEC. ID Dt SURVEY DATE JUN 14, {988
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SEDIME’T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (05UK003) XSEC. 1D.-D1

20/04/90 , PAGE 1 . SURVEYED JUN 14, 1989

OTTAWA,ONT. : sttt dal g gttt b MINIMUM ELEVATION = - 489.
' . * ELEVATION - AREA TABLE * . ASSUMED MINIMUM DATUM = 488.50

e 2 ke ok o 3 ok ok ok ok e ok e ok ki ok ok ok g ok ok ok

oo o AR K o R K oK A K R A R R 8K R KK oo R o ook o o oo K oo ok oK R o o Ko oo R o o R ok o ok oo oo ook o ok R R e R
* ELEVATION ACC. AREA * ELEVATION ACC. AREA * ELEVATION . ACC. AREA * ELEVATION ACC. AREA = *
* M, gSQ M. * . M. * M. SQ M.) * M. (SQ M.) *
etk kR kR ok ok o kR R K ok o R K oo o o o o R oo o R oo ok KK o KR o o oK K o KoK K o ke K R R KR R oo ok o ok KRR K R K KR R K KR K R K R R K K K

* * * . * . *
*  489.00 1.65 * * * *
* . * * * *
*  489.25 5.19 * * * *
* * * * *
*  489.50 9.79 * # * *
* * * * *
*  489.75 15.29 * * * *
* #* * * *
*  490.00 21.63 * * * *
% . * * * *
*  490.25 28.89 = * * *
* * * * *
*  490.50 37.04 * * * *
* * * * *
* 490.75 46.05 * * * *
* * * * *
¥  491.00 55,97 * * * *
* * * * ¥
*  491.25 66.80 * * * x
* * * * ¥
* 491,50 , 78.56 * * * *
* ) * * * *
*  491.75 91.48 * * * x
* * * * *
* 492,00 106.83 * * * *
* * * * *
* 492,25 : 124.25 * * * *
* * * * *
* 492,50 143.34 * * * *
* ’ * * * *
* *

»
r
**************************************************************************?**************************************#*************
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WATER 7URVEV OF CANADA QU APPELLE RIVER AT CRAVEN DAM {O5UK003)
20{04 90 , PAGE 1
SEDIMENT SURVEY SECTION
PROFILE DATA
XSEC. ID D2 SURVEY DATE JUN 14,1989
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SEDIMENT SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM {0O5JK003) XSEC. 1D.-D2

20/04/90 , PAGE 1 i SURVEYED JUN 14,1989

OTTAWA ,ONT. e 3 et o e ook ek ook o ok ok oK ok MINIMUM ELEVATION = 487.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487.00

e ke 3 3k 3 ok 3 Bk ok ok oK 38 6 o o B K R K

B¢ 3 38 3 o 3 36 3 354 B o o ak 35 3033 3k ok ok 3 3ok ok ke ok s 3k Sk Sk S ke ok e ke ik Sk e ok o 3 ok 306 KK 6 ok 30 8 6 3K B O 36 8 K e o o 20k o o o K ok o ke ok s ke o 3 3 o o 310k Xk 3k S i ok e ook o o s ok ok ke ke K e o ke 38 oK ok o o k3 o oK oK ok ok
: ELEVATION ACC. AREA * ELEVATION ACC. AREA : ELE%A ION ACC. ﬁREA : ELEVATION ACC. AREA :

. . M.) SQ M.) . . . . .
****************$***$*********$******i******&**#t*#***#**#********#***************&**********#********#*****************#********

*

* * * *
* 487.25 .29 & * * *
* * * * *
* 487.50 1.98 & * * *
* * * * *
* 487 .75 4.26 * * * *
* & * *® *
* 488.00 6.83 * * * *
* * * * *
® 488.25 9.94 * * * *
& = B3 *x *
* 488,50 13.18 * * * -
* : * * * *
* 488.75 16.65 * * * *
* . * & * M
* 488.00 20.26 * * * *
* * * * *
* 488.25 24.07 * * * *
* * * * *
* 488.50 2B.26 “ * * *
* * * * *
* 489.75 32.81 * * * *
* * * * *
* 490.00 37.76 * * * *
¥ %* * ¥ £
* 490.25 43.12 * = * *
* %* * % *
* 490.50 48.89 * * * *
* * * N M
* 490.75 55.05 * * * *
* : . * * * *
* 491.00 61.62 * * * *
* * * * *
* 491.25 68.61 * * * *
* ) * * * *
* 4921.50 76.14 * * * *
* * L% * *
* 491,75 . 84.53 * M M :
* * * * *
* 492.00 93.72 * * * *
* * * * *
* 492.25 103.72 * * * *
* * ' * * *
: 492.50 114.93 : : . * *
*****#**************************;*******************************;‘************’&******************;***************************##**:
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM {05JK003) XSEC D3
20/04 . PAGE 1 ) i SURVEYED dUN 14 1989
OTTAWA,ONT. e F T T T 2 MINIMUM ELEVATION = 87.

. * ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487 00

o o o ok K K K oK oK K K K KK R Kk

2 oK ok ok 3 ok ok oK K oK o 3 ok oK ok oK 2 oK o ok K ok oK ok oK ok K o 2 oK o o ok ok 3 o oK ok ok % o ok ok 3K ok oK o ek K ok ok ok % ok e e o ok ok ok ok ok ook ko 3k ok ok ok ok ok ok o ok 3 3 ok ok o ok sk oK o o ok ok ok o o ke ok e e ok ok ke ok ek ok ok ok ok ok K ok ok ok ok k Kk Kk Kk ok

* ELEVAIIDN A?C AR%A : ELExA ION ACC. AREA : ELEVATION ACC. AREA : ELEVATION ACC. AREA :
********************tt********#**************************************************t##*************t*******************************
* * * *

* 487.50 : i.20 * * * *
* * * * *
* 487.75 3.55 * * * *
* . * * * *
* 488.00 6.43 * * * *
* . * * * *
* 488.25 9.63 * * * *
* %* * * *
* 488 .50 13.08 * * * *
* - * * * *
* 488.75 16.84 * * * *
* * % * *
* 489.00 20.80 * * * *
* * * * *
* 489.25 24 .93 * * * *
* * * * *
* 489.50 : 29.24 * * * *
* * * * *
* 489.75 33.77 * * * *
¥ i * * * *
* 490.00 38.50 * * * .
* * * * *
* 490.25 43.40 * * * *
%* * * * *
* 490.50 48.47 * * * *
*, * * * *
* 490.75 53.70 - * bt *
%* * * * *
* 491.00 59.10 * * * *
* * * * *
* 491.25 64.69 * * * *
* . * * * *
¥ 491.50 70.50 * * * *
* * * * *
* 491.75 76.65 * * * *
* Cok * * *
* 492.00 83.38 * * * *
* * * * *
* 492.25 91.48 * * * *
* * * * *
: 492 .50 100.66 * : * :

. * *
e o ok o o oK oK oK o o ok oK oK ok o Rk o K K K o K K o oK o ko o ok oK oK ok koK oK o ok o kK o ok ok o o ok o ok ok ok K K o oK K ok oK ok ok ok o o ok ok R o ok o o ok o ok ok kO oK K A ok o ok ok kK kK R Ok Kk Kk kR ok ok kR
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (0O5JKC03) XSEC. .-D4
1 SURVEYED dUN 14 1989
DTTAWA ONT . e s o e o ke sl o o ok o K ok e oK Kok . MINIMUM ELEVATION = 87.
‘ * ELEVATION - AREA TABLE * : ASSUMED MINIMUM DATUM = 486 50

s 33 e 3 B o ok g 3K ol ol oK o o ok oK ok o K K

e e o oo o o 3 ok o ok o o s oS oK a ok sl S o R RS 3 ook o o I 3 ook o o ok o 3 3K ok ok o ok a3k oK oo ok oK s e B Sl o 2 sl ok o B a o sl ok e ol o ok o e St sk o 3 b ok ok ol Sl o o ok o o el ok ol sl ol ol o o ol K sl ol ok o o o ke 3 ok oK Kok

: ELE%ATION Ach ﬁR A : ELEVATION ACCSJ aREA : ELEVATION ACC. AREA * ELEVAgION ACC. AREA :
************************w*#***************************e***********t***ﬁ*****a**********$****s****m*******************************
* * * * *
* 487.25 . .57 * ® * : : *
* . * * * *
* 487.50 2.55 * * * *
* . * * * *
* 487.75 5.28 * * * *
* * * * *
* 488.00 8.55 * * * &
* * * * *
* 488.25 12.25 * * * *
* * * * *
* 488 .50 16. 15 * * * *
= & * * *
* 488.75 20.23 * * * *
* * * * *
* 488.00 24.50 * * * *
* * & * E 3
* 489,25 28.95 * * * *
* ¥ * * *
* 489.50 33.56 L * * *
* » * *- *
* 489.75 38.32 * * * *
* . * ¥ * *
*  490.00 43.24 * * + .
* * * ¥ *
* 490.25 48.35 * * * *
* * * * *
* . 490.50 53.66" * * * *
* * * EY *
* 490.75 59.17 * * * *
* : : * * * *
* 491.00 64.86 * * * *
* * * * *
* 491.25 70.74 = * * *
£ * ® * *
* 491..50 76.91 * * * *
* ¥ * * *
* 491.75 83.86 * * * *
* * * * *
¥ 492.00 92.68  * . * * *
*****************************QK**************_****************************************************;*******‘*******************-******
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QU APPELLE RIVER AT CRAVEN 0OAM (05JK003)

93.2 | BM

492 .2 ] RBM
w
i
[2 ot
—
(SN ]
> 491.2.
Z .
=
[}
— 490 .2
—
[
>
[N}
o
Led

ﬁ“ 2]

pad | | , XSECTION DS

JUN 14,1989
23/05/30
481.2 T T T T T T T T

(o] 1 2 3 4 5 L} 7 8 )

DISTANCE IN 10 METRES



RMKS

ELEV"

STA

RMKS

ELEV

STA

SURVEY DATE JUN 14,1988
RMKS

PROFILE DATA
ELEV

I DS
STA

XSEC.
RMKS

QU APPELLE RIVER AT CRAVEN DAM (0Q5UK003)
ELEV

STA

1

PAGE

3

URVEY COF CANADA
T SURVEY SECTION

ZSO

SEDIME

OWOMM =~ NOINO M@
CONNM~OV+~TAN
MO T =7 (O 0) (0 G5 [ [ [ oo o 88901.1.1.11:1.
DO DO M0G0 G)0) G 6000 €3 60 €0 00 L W W AN D NN NG
444444444444444444444444444 TETS

L QO000CO0COO00AOVNCCO000OHNOOOQOTT

...............................

COMOYOITTOMETYWROONT WO NTTUNIDNT NN
NN ANNNOONOMOMT T ST TG 000

‘ll.l I..' '.l!l- '..' ..I. '.l. l... '..' ".I. l... '.l.’ 'll' ll.. I.l.l |..l. l.ll :.... '... Ill.'



SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (05JUK0O03} XSEC. ID.-DS

20/04/90_, PAGE 1 SURVEYED JUN 14,1989

OTTAWA,ONT. Aok ook ook K sk ok ok ook Kok ok ok ok ok ok MINIMUM ELEVATION = 487.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487.00

3 % ok K K ok ok o oK ok ok ok koK 3k % ok ok ok ok ok %k k ok

Aok o o ok o o e 3k ok ok o e ok e ok o e ok o ok ok ok o ok ke o ok o ke ok ok ok ke ok 3 ok oK ok ok ko oK ok oK 3 oK ok ok oK sk 3 ok o i ok ok o Sk ok ok sk o ok ok ok ok e ok ok Sk ke ok ok ke ok ok oK ok o o ok ok 3k o oK 3K ok o K koK oK 3k oK ok 3k oK K oK ok ok o 3k 3K K ok K oK Kok oK R ok o Kok ok K Kok

* ELfVA;ION ACC. AR§A * ELEVATION ACC. AREA * ELEVA ION ACC. AREA * ELEVA}ION ACC. AREA *
* M. {SQ M. * M, gso M. * M. iso . * (M. ' SQ M.) *
ok 3 e ok ke o ke ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok e 3k ok ok ok 3k ok oK ok ok o ok kK ke oK ok ok K ok ok oK ok ok 3 oK oK 3 3k ok 3 3k ok ok ok K ok 3k 3k 3k 3k 3k ok K 3 ok ok ok ok ok 3k ok 3K ok ok K o % K ok ok o oK ok 3k ok 3K ok o oK oK o oK oK o 3k e o o ok oK 3 oK oK K ok oK o 3 3 ok oK oK ok K e ok oK e K ok
* * * * *
*  487.50 1.59 * * * *
* * * * *
*  487.75 3.95 * * * *
* * * * *
*  488.00 6.73 * * * *
* * * * *
*  488.25 9.84 * * * *
* * * * *
* 488,50 13.17 # * * *
* * * * *
*  488.75 16.72 * * * *
* * * * *
*  489.00 20.50 * * * *
% * * * *
* 489,25 . 24.49 * * * *
% * * * *
*  489.50 28.63 * * * *
* * * % *
*  489.75 32.94 * * * *
* * * * *
*  490.00 a37.42 * * * *
* * * * *
*  490.25 42.13 * * * *
* * * * *
*  490.50 47.06 * * * *
* * * * *
*  490.75 52.21 * * * *
%* * * * *
* 491,00 57.60 * * * *
* * * %* *
* 491,25 63.23 * * * *
* * * * *
*  491.50 69.05 * * * *
* * * * *
¥ 491.75 75.66 x. * * X
Aok oK o K K e K K ok b ok o ok o ke ok ok ok ok ok 3K ok K ik ok K ok ok oK ok o ok ok o o ok ok ok ke ok o g o o ol 3k ok ok e o ok ok 3K K % ok 3 o ok 3k o o R o ok 3k oK 3k ok ol oK o ok ok 8 ok K oK ok o oK o ok oK oK 3 2K ok ok o ok ok ok oK oK K o 3k o ok oK e 3k oK ok K o K 3K ok oK ok K ok oK ok ok Kk Kk B ok ok R K
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SEDIMENT SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (05uUK003) XSEC. ID.-D6
GE 1 ED JUN {4, 1989

20/04/90_, PA SURVEY
OTTAWA,ONT. FHEFFRRFEFRFREEFEFREFRFF LR MINIMUM ELEVATION
: * ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM
' EEEEEEE LR SR IR SR

487.00

Bk K R R R o R R K R R R R R KRR R R R R R R R kR R R R R R R AR R
: ELEVATION ACC AR§A : ELEVATION ACCQ aR%A : ELEVATION ACC. AREA : ELEVATION ACg AREA :

SQ M.
****************************************#**&**#**********************************************************************************

L ¥* * * *
* 487.25 .38 * * * *
* *® * * *
* 487.50 2.34 * * * *
* * * * *
hd 487.7S 4.99 ¥ Co* * *
¥* * * * *
* 488.00 7.99 & * * *
* * * * ]
* 488.25 19.34 & * * *
* * -] * *
* 488.50 14.91¢ * * . *
* * * Ed *
* 488.75 18.69 * * * *
* ES * * *
* 489.00 22.68 * * * -
* . * * * *
* 489.25 26.86 b * * *
* . * * * *
* 489.50 31.27 * * * *
* * * * *
*  489.75 35.94 * * * *
* £ * * *
* 490.00 - 40.87 * * * *
* . B * * *
* 490.25- 46.12 *® * * *
* * ES * *
* 490.50 51.67 * * - * *
* * * L] *
* 490.75 57.52 * * * *
* . * * * *
* 491.00 63.70 & * * *
* £ 3 * * ¥
* 491.25 70.21 * * * *
* * * * *
: 491.50 77.30 : : : :
S 3 e e 3 ¥ ok 3 3K 3K 0 ok e 3 o Sk ok 7K oK sk o ol ke e o ok R k3 o o al ke ok o ok K R e o ok o o ook ke ok ol o ok ok Tk ok 3k R ok 3 3k sk ko ok ok ol ok 3K oR S KoK 3k ok sk ke K sk o ok e ok ok o ko N o ok B ok ok ok ok ok ok sk 3k ok sk ok 3 ok Xk 3 o ok ok ok ok K ok 3k 3k ok Ok K 3k 3k ok ok
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SEDIMEyT SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM (0SJKOO03) XSEC. ID.-D7

20/04/9 PAGE 1 SURVEYED dUN 14,1989

OTTAWA,ONT. . 3 e e e e ke ok ke e ke ke o e X e ke e ko o b ok ke R MINIMUM ELEVATION = 4 .
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 486.50

A oA o 3 ke o e sk e e ke sk sk e e ok ok ok ok kK ek

e e e ok ok e ok ak % ke ok ak de sk o ek Sk sk ke S S e dk ek ok e e sk e o ke ok ke Sk S ok i ok ke ke e K ok sk sk sk e ok ok ok sk ak ok ak ok ok ok ak ok ok sk e ak e o ke 3 ke ok ke ke e e sk S sk ok 3 S e ok o Sk e sk sk s ok ok o o e sk ke s e ok ok o 3k e ok ok e e 36 ok Sk o o e ok ok ke K K R R Rk K

: ELEVATION ACC. AREA : EL VA'{IDN ACC. AREA : ELEVATION ACC. ﬁR A : ELEVATION ) ACC. P’-‘IREA ’ :
********#******#*****##********t*#************************t*******#******************égt*****************************59**********
* * * * *
* 487.00 .04 * * * *
* * * * *
* 487.25 1.38 * * * *
* ‘ : * * * *
* 487.50 3.97 * * * *
* * * * *
* 487.75 7.07 * * * *
* * * * *
* 488.00 10.56 * * * *
* : * * * *
* 488.25 14.31 * * * *
* . . * * * *
* 488.50 18.31 * * * *
* * ® * *
* 488.75 - 22.56 * * * *
* * * * *
* 489.00 27.05 * ® * *
* * * * *
* 489.25 31.70 * * * *
* * * * *
* 489.50 36.52 * * S % *
* * * % *
* 489.75 41.55 * * * *
* * * * *
* 490.00 46.82 * * * *
* * * * *
* 490.25 52.31 * * * *
* * * * *
* 490. 50 ) 58.04 * * * *
* * i * * *
* 490.75 63.98 * * * *
* * * * *
* 491.00 70. 16 * * * *
* * * * *
* 491.25 76.62 * * * *
* * * * *

*

bR R R R R R s T I Y T e Y Y s T 12T
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WAT;R URVEY OF CANADA ~ QU APPELLE RIVER AT CRAVEN DAM {05JUK0OO03)
20/04/90 , PAGE
SEDIMENT SURVEY SECTION
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XSEC. ID D8 SURVEY DATE JUN 14,1989
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SEDIME?T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM {(OS5UKC03) XSEC. ID.-D8

20/04/80 ., PAGE i i SURVEYED JUN 14,1989

OTTAWA,DNT. gk ok ook oK KRR R TOR SRR R ok Tk MINIMUM ELEVATION = .
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487.00

ok o ok ok kK ko A OR RKk ok R kK

ek ke 3k ok ok ok ok ok oK K K K R KK o o Nk ok ook st o R e ok o sk ok 2 ot ok kK o ok K ok Kk ok ok o 4ok kK ok o ok 3 sk kst ok sk b 8ok o 3k ke Ok ok 8 ok sk Kok ok oK 3k ok ok ok ok KoK ok ok ko ok kol koK ok kX

: EL ¥A ION ACC. AREA : ELE%ATION . ACC. AREA : ELEVATION © ACC. AREA : ELEVATION ACC. aREA :
*******i*********tt******%*************i*****************i*****t******gi**s*********£§9**%**********#**ikt***s*******§***é*******
* * * * *
* 487.50 .19 * * * *
* * * * *
* 487.75 .53 * ¥ * *
* . * * * *
* 488.00 © 3.38 * * * *
*, * * *® *
* ' 488.25 ‘ 5.87 * * * *
* : ¥ * * *
* 488 .50 7.99 * * * *
* * * * *
* 488.75 10.69 * * * *
% ¥ * * *
* 489.00 13.53 * * * *
* . * * % *
* 483.25. 16.48 * * * *
* T i * % * *
* 489.50 19.76 ® * * *
* & * * *
* 489.75 23.40 * * % *
* - * ® * *
* 480.00 27.29 * ® * *
* * * * *
* 490.25 ) 31.45 * * * *
* * * * *
* 490.50 36.06 * * * *
* * * * *
b 490.75 41.24 * * * *
* * % * *
: 491.00 47 .51 : : i :
ko o K KK Kk K kR R R S Ok K K K SRk 8 o Ok o o 3 3 X Ok o o K K RO O o sk K Ok Ok ok 8 ROR O R sOR K K 0k Kok ok K o s ok ok o R R KOk 3K R ok Rk Rk ok Rk Kk ok ko ok
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WAT;R ZURVEY OFECAwADA QU APPELLE RIVER AT CRAVEN DAM (OS5UKO0O3)
T SURVEY SECTION

SEDIME
PROFILE DATA
XSEC. ID DS SURVEY DATE JUN 14, 1989

STA ELEV RMKS STA = ELEV RMKS STA ELEV RMKS STA ELEV RMKS STA ELEV RMKS
0.0 491.74 LBM

0.0 491.48

2.6 492.46

6.6 491.14

8.6 491.25

i0.6 491.06

12.6 490.15

i14.6 488.34

ij6.6 488.84

17.0 488.65 WL

i6.6 487.85

20.6 487.6%
22.6 487.83
24.6 487.57

26.6 487.85

28.6 488.23

30.1 488.65 WL

32.1 489.89

32.6 49t.40

34.6 491.58

37.6 491.58

37.6 491.84 RBM




SEDIME’T SURVEY SECTION QU APPELLE RIVER AT CRAVEN DAM {O5UKOO3) . XSE D.-D9

20/04 » PAGE 1 ' SURVEYED vJUN ‘M, 1989

OTTAWA,ONT. il ditud i dnsdatub il MINIMUM ELEVATION = 488.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 487.00

FRERRRRREERERREER LR KRR,

L I I I I L I I T T O e R e s S i L L

* ELEVATION ACC AR%A * ELEVA'{IDN ACC. AREA * ELEVATION ACC. AREA ® ELEVA'{ION ACC. AREA *
* * QM) * (L] (SQ M.) *

SQ
**********************************************************************************************ﬁ**************#*******************

€ . * * * *
* 487.75 .96 * * * *
* * * * *
* 488.00 2.96 * * * *
* * * * *
* 488.25 5.46 * * * *
* ) * * * *
* 488.50 8.35 * * * *
* * * # *
* 488.75 11.58 * * * *
* * * * *
* 489.00 15.08 * * * *
* * * * *
* 489.25 18.94 * * b *
* * * * *
* 489.50 23.13 * * * *
* * * * *
* 489.75 27.57 * * * *
* * * * *
* 490.00 32.26 * * * *
* * * * *
* 490.25 37.14 * * * *
* * * * *
* 490.50 42.18 * * * *
* * * * *
* 490.75 47.38 * * * *
* * * * *
T o* 491.00 52.73 * * * *
* * * * *
& 491.25 58.52 * * * ¥
* * * * *
: 481.50 ’ 65.25 : * * :
* *
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Station Number: 05JK002 . ‘ ’ Year: 1989

" Station Name: QU'APPELLE RIVER below Craven Dam

i) Bed Material Sampling

Sampler Sample Finer Than Size {um) Indicated .
Date Vertical Type NHumber Net Wt 4 8 16 31 62 125 250 500 1000 2000 4000 8000 16000 32000 64000
. (g} (%) - : 3

Jun 14 1/6LB  BMH60 Ul -1 18.0 46 66 83 98 98 99 - 99 100

Jun 14 1/3LB  BMH60 Ul - 2 10.8 39 81 90 95 98 9% 100

Jun 14 1/2LB  BMH60 Ul -3 88.7 12 13 15 16 22 38 49 69 82 990 97 100

Jun 14 2/3LB  BMH6D Ul - 4 29.6 ) 16 33 S3 M 92 97 99 100

Jun 14 5/6LB BMH60Q Ul -5 193.2 . 12 18 32 50 70 86 97 100

Jun 14 1/6LB BMH60 U2 -1 126.3 41 70 89 98 99 . 99 100

Jun 14 1/3LB  BMH6D U2 - 2 47.6 37 83 95 98 99 100
*Jun 14 1/2LB  BMH6O U2 - 3 83.0 18 20 22 25 32 53 713 94 99 100

Jun 14 2/3LB  BMH60 U2 - 4 8.7 30 48 713 93 99 100

Jun 14 5/6LB BMH60O U2 - § 57.8 19 27 49 81 95 99 100

Jun 14 1/6LB BMH60 U3 - 1 103.0 ' 56 83 98 ‘100

Jun 14 1/3LB  BMH60 U3 - 2 90.7 51 90 98 99 100

Jun 14 1/2LB  BMH60 U3 -3 38.3 18 20 23 26 36 12 87 94 98 100

Jun 14 2/3LB- BMH60 U3 - 4 117.5 32 " 53 74 87 . 93 96 98 100

Jun 14 5/6LB BMH60 U3 -5 102.8 34 .44 65 83 92 97 99 100

Jun 13 1/6LB  BMH60 ‘U4 - 1 85.0 33 70 92 99 100

Jun 13 1/3LB  BMH60 U4 - 2 48.8 40 75 97 99 100

Jun 13 i/2LB  BMH60 U4 - 3 49.9 26 30 34 39 43 73 97 99 100 )
Jun 13 2/3LB  BMH60 U4 - 4 82.3 42 82 97 99 100 : . -
Jun 13 5/6LB  BMH60 U4 -5 82.8 35 63 88 98 99 100 ’ . :
Jun 13 1/6LB  BMH60 U5 - 1 HNO SAMPLE

Jun 13 1/3LB  BMH60 U5 - 2 215.2 , 2 3 6 11 14 21 40 73 86 100

Jun 13 1/2LB BMH60 uUs - 3 165.5 29 35 42 47 52 62 81 95 99 100

Jun 13 2/3LB BMH60 us - 4 99.0 36° 55 76 LX:3 94 97 99 100

Jun 13 5/6LB BMH60 us - 5 234.1 23 28 43 59 66 70 76 88 100

Jun 14 1/6LB BMH60 G - 1 NO SAMPLE ,

Jun 14 1/3LB BMH60 G -~ 2 70.5 14 1? 24 37 50 60 71 85 91 100

Jun 14 1/2LB BMH60 G -3 54.3 7 12 23 44 60 71 81 95 i00

Jun 14 2/3LB  BMH60 G -4 102.6 22 41 59 73 81 87 93 100

Jun 14 5/6LB BMH60 G -3 96.4 23 46 79 96 98 99 99 929 100

U = Upstream x-section; D = Downstream x-section; G = @ géuge {flow metering x-section)
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Station Number: 05JK002 : Year:

Station Name: QU’APPELLE RIVER below Craven Dam

i} Bed Material Sampling

Sampler Sample , Finer Than Size (um) Indicated
Date Vertical Type Number Net Wt 4 8 16 31 62 125 250 500 1000 2000 4000 3000 16000 32000 64000
{g} . (%) ’
D1 KO SAMPLES
Jun 14 1/418  BMH60 D2 -1 203.5 is 27 46 58 65 76 92 100
Jun 14 1/2LB  BMH6O D2 -2 104.6 11 13 15 3i8 20 40 80 92 97 $9 100
Jun 14 3/4LBE  BMH60 D2 -3 147.6 32 76 97 9% 100
Jun 14 i1/4LB  BMHE0 D3 -1 103.2 27 59 91 96 98 99 100
Jur 14 1/2LB  BMH6O D3 -2 166.4 14 16 18 21 31 71 86 89 100 :
Jun 14 3/4LB  BMH60 D3 - 3 66.9 37 74 94 98 9% 100
Jun 14 1/4LB  BMH6O Dd - 1 69.4 25 60 83 94 98 99 100
Jun 14 1/218 BMH6OQ D4 -2 116.3 1% 23 27 31 44 713 86 91 94 96 9% 100
Jun 14 3/4LB  BMH60 D4 -3 79.4 . 68 85 96 9% 100
Jun 14 1/4LB  BMH60 DS -1 226.7 28 48 54 67 82 93 88 160
Jun 14 1/2LB - BMH60 DS - 2 38.2 14 16 19 21 29 53 66 78 86 93 99 100
Jun 14 3/4LB  BMH60 D5 - 3 iii.9 . 36 56 79 92 96 98 99 100
Jun 14 1/4LB  BMH6O D6 ~ 1 64.7 82 88 91 95 97 98 100
Jun 14 1/2LB  BMH6O D6 - 2 56.1 16 15 22 25 34 S6 70 87 97 100
Jun 14 3/4LB  BMH6E0 D6 - 3 76.4 45 87 S5 98 99 100
Jun 14 1/4LB  BMH6O D7 -1 67.9 60 90 98 99 99 100
Jun 14 i/2LB  BMH60 D7 - 2 44.1 19 23 27 34 62 95 %95 100
Jun 14 3/4LB  BMH6O D7 - 3  114.8 62 89 98 89 100

Jun 14 1/2LB BMH60 D8 -1 163.5 (25 31 40 55 74 8% 98 100

Jun 14 1/2LB  BMH60 D9 -1 159.4 27 35 44 58 78 85 100

U = Upstream x-section; D = Downstream x-section; G = @ gauge {(flow metering x-section)}
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Station Number: 05JK002 ‘ ’ Year: 1989

Station Name: QU’APPELLE RIVER below Craven Dam

ii) Bank Sampling

Samplaer Sanmple . Finer Than Size (um) Indicated

Date Vertical Type Humber Net W¢ 4 8 16 31 62 125 250 500 1000 2000 4000 8000 16000 32000 64000
' (9) (%)

Jun 13 @ U2-RB  SCOOP - ~ 1317.5 28 32 37 44 62 90 100

Jun 13 @ U4-LB  ScCooP 1082.2 26 29 35 44 71 96 99 100

Jun i4 @ Di-RB scoop 1518.4 32 39 48 64 90 - 99 100

Jun 14 @ D6-RB scoop 1067.9 24 28 33 - 43 62 86 94 100

Jun 14 @ D7-LB  SCOOP 1492.3 27 32 35 49 64 94 100

Jun 14 @ D7-RB scoop 1282.0 34 39 46 59 82 98 99 100

U = Upstream x-section; D = Downstream x—section; G = @ gauge (flow metering x—-section)
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APPENDIX.3
QU'APPELLE RIVER BELOW LOON CREEK

Results of river cross—-section surveys and bed
material sampling conducted by Water Survey of
Canada staff in June, 1989.

NOTE:

All Figures, Tables and Plates were supplied
by Ted Yuzyk, Sediment Survey Section, Water
Survey of Canada, Environment Canada, Ottawa.
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1 Cross SeCTIONS

Locations of cross-sections surveyed by the Water Survéy of Canada in June,_1989;




REPRESENTATIVE PHOTOGRAPHS

NOTE: ~ All photos were taken in June, 1989
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RIVER CROSS-SECTION SURVEYS
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SEDIMENT SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (OSJKOQ7) XSEC. 1D.-US
14/05/90 , PAGE 1 : SURVEYED JUN 15, 1989
OTTAWA,ONT. R AR AR AR RR RS AR MINIMUM ELEVATION = 47

: : * ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM =  478.00

ok sk ok ok ok ok 3k ok ook ok ok ok ok ok ok ok ok ok ok sk ok ok ok .

*************************#********************************#*******************A*t#ttt*t***tt**t*tt************I********************
* ELEVATION AGC. AREA  * ELEVATION AGC. AREA *  ELEVATION ACC. AREA  * ELEVATION ACC. AREA *
* . SG M. * . : SQ M.) * (M {so M * . SQ M. *
a3 ok ok ok % ok ke ok ok ok 3k 3 ok ok kol ok ok ok ok a3k ok ok ok ok ok ok ok o ok ak ok ok ok ok o 3K ok ok ok ok e ok %k ok ok ok ok ke 3K oK ok 3k 3k 3 ok 3 3k ok K 3k ok ok o 3k ok ok ok o ok ok sk ke ok ok kol sk ke ok ok ok ak ok ok e sk ok o ok ok e 3k ok ok o ok ol ok ok ol ok ok ok o ok ok sk ok ok ok ok ok ok ok koK Ok ok ok ok
* * * : # *
*  478.25 .48 * * ,, ,,
* * * * *
*  478.50 1.96  * * * *
* . * * *x . *
*  478.75 4.79 * * * *
* * * * *
*  479.00 . 8.16 * * * *
* * * * *
*  479.25 11.92 * * * *
* : * * * *
*  479.50 16.04 * * * *
* * * * *
*  479.75 20.46  * * * *
* * * ® *
*  480.00 25.18 * * * *
* * * * *
*  480.26 30.38  * * * *
* * * * *
*  480.50 36.26  * * * *
* - ] * * *
*  480.75 42.74 * * * .
* * * * *
*  481.00 49.74  * * * *
* . * * * *
*  481.25 §7.19  * * * *
* * * * *
*  481.50 65.16 * * * *
-2 * * * *
* 48175 74.26 " * * *
., 0 ok o o o ok ok ok o o ok ok ik ok ok oK o ok o ok ok ook ok o o ok ok 2 ok ok ok ok o ok Kk ko ok ok ok ok ok ok ok ok ok ik % ok ok ok ok ok ok o ok ok sk 3K o ok ok ok ok 2 K 3 Kook 3 ok ok ok ok ok Kok ok ok s ok o ok ok ok sk ok ok ok ok ko sk ook ok ok ok ok ok kK ok ok ok ok ok ok ok ok ok o ok ok ok ok o ok ok
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SED}ME?T SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (O5UKOO7) ID.-U4
E 1 . SURVEVED dUN i5, 3929

OTTAWA,ONT . : L P P e S e T T . MINIMUM ELEVATIO
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 478.00
EI T L T T A

I
E

e oo ok kakk kR kdkk ok ko ko kk gk ok ok kb ko k ok ko ok ok okt gk ko kb kb ok ko ko ko k ok khh ke bk bk kg kR kk kR ke ko ok ok k ok ko

: ELzVA IoN A?g. %REA : ELEVATION ACC. AREA : ELiVA ION A?C AREA : EL?&R ION ACC. ﬁREA :
EE L 3 1] *; e g o e o o o ke ke ok *9**; sk kkokkxkE *;#“‘#‘****** *#**i EE T L2 2 2 3 *; ***********#**##**#**###*#*#*#* *#*****#####***;**#****
* ) * * = R *
* 478.25 .87 = * * *
* _ * * * *
* 478.50 3.41 * ¥ * *
»* * * % &
* 478.75 6.81% = * * *
* ) * * * *
* 479.00 10.56 * * * =
* ® * * *
e 479.25 14.64 ¥ * * *
o & % * * %
*  479.80 19,10 » * % *
& ' * & * *
* 479.75 23.68 * * * *
* A Y 3 * *®
* 480.00 28.32 * * * *
& B e &x % % &
* 480.25 33.06 * * * *
* * * ® *
* 480.50 37.95 ® * * *
* % * % *
*.  480.7S 43.07 * * * *
* . & * * &
* 481.00 48.60 ® * # *
3 * * * *
*. 481.25 54.47 * * * *
* ® » & *
: 481.50 60.74 : : * :
#**###*#*****##*##**************t**t**#*t**##t*#***&&:**&tﬁﬁﬁﬁﬁ*‘***ﬁﬁ‘****ﬁﬁ*ﬁﬁ*******$*******#*****##*#**#*###**********######*
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SEDIME?T SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (0O5JKOO7} XSEC. ID.-U3
PAGE 1 : SURVEYED dUN 15, 1989
OTTAWA,ONT . e o ok o ok ok o ok koK ok g okok Bk Kk ok MINIMUM ELEVATION =
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 478 OO

ok ok ok ok ok ok ok ko ok ok ok Rk Rk ok ok & Rk kR

S o o o o o o o o Ao oo o o o o AR o o o o o o AR o o KRR A o o o R o ok o kR kB ok SRk ok R Ak Rk kK
: ELEVATION zc AR%A * ELEVA ION ACC. AREA : ELEVA ION EC AR?A : ELE%A ION ACC. AREA :
I T LI LTI IIIII T,

ok ok ok Xk #& e o ok ok ok ok ok ok ok k& ####*##ttt*###*#### e 2 ok o o ok ok ok ok ok ***#i ok ok kokxkkk $; e 3k ok o ok A o o o ok 3k o 7 ok ok ok ook ok ok ok ok ok kX

* * * * *
*  478.25 .63 * * * *
* * * * *
*  478.50 2.74 * * * *
* * * * *
* 478.75 5.84 * * * *
* ) * * * *
*  479.00 : 9.39 * * * *
K3 : * * * *
*  479.25 13.30 * * * *
* * * * *
*  479.50 17.53 * * * *
* * * * *
*  479.75 24.90 * * * *
* * * * *
*  480.00 26.41 * * * *
* * * * *
*  480.25 31.08 * * * *
* ) * 3 * *
*  480.50 35.99 * * * *
* * * * *
*  480.75 41.20 * * ® *
* * * * *
*  481.00 46.70 * * * *
* * * * *
*  481.25 52.58 * * * *
* * * * *
*  481.50 58.73 * * * *
* * * * *
*  481.75 : 65.15 * * * *
* * * * *
*  482.00 72.21 * * * *
* * * * *
a2 o o o ok ok o ok 2 ok ok ok 2 o ok ok o 7 ok ok ok e ok i ol T ok T ok o T o ok ok Ak ok ok ok ak kR ok kR ok ko R ak Rk ok ke kR R Kk R ok ko ko ok ok kR ok K ok ok Rk ok Kok ko Rk k Ak kA ok kR kR ok ok ok Aok ok kg okkk kR kkxokk kxR kR kokkkkkk
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SEDIME?T SURVEY SECTION QU APPELLE RIVER BELOW LDON CREEK (0OSJK007) XSEC. ID.- )
GE SU EYED dUN is, 1989
DTTAHA ) e ke o e o ok ok o o 2 ok ook ok o o S ok e K MINIMUM ELEVATIO 478.
* ELEVATION - AREA TABLE * ASSUMED MIN!H ATUM = 478.00

e 4 e e o e 3 b e e o A e e e e e ok s o ok ek dk ok

e o e e ok 3 o S o s o o o o sk s s e o oo ok s sl s oo o ks oo ok ok e sl ok o 60 o e o o s ot o e oo sl s ol o o o ook ok ol o o o o o e oo e oo s sl o o e ok o ok o s s s s ook ook ok e s o e o e o o o o o o o o o o o ol ok o ok oK
: ‘ELEVATION ACC. ARE : ELEVA}ION ACC AREA : ELEVAE!ON gc AREA : ELE%A}IGN ACC. AREA :

M. . M. - SG M,
e 3 e 4 do e de e B ok dc 3 e ok d 2 o 3 o 2k o oK ek % % ************#*** o o e o e o 3 o 3 e e s e ok K 2 ol o 3 o e o o ok ek vk

ook ek ko ok ok ok R ok xuuu:*a*****:&**************** ook e o X

* * * *

* 478.25 .74 * * * *
* * * * *
* 478.50 3.41 * * * *
* * * * *
* 478.75 6.65 * * * *
* * * * *
* 479.00 10.39 C % * * *
* . * * * *
* 479.25 . 14.614 * * * *
* - * * * . *
* 279.50 i5.16 = * * *
* ™ » = %
* 479.75 23.96 * * * *
* * * * *
* 480.00 28.96 * * * *
* * * * %k
* 480.25 34.10 * ok # *
* ' * * * *
* 480.50 39.37 * * * *
* . * % * *
* 480.75 44 .86 * * * *
* * * * *
* 481.00 50.62 * * * *
* : * * * *
* 481.25 . 56.67 * * * *
* A * % * *
* 481.50 63.09 * * * *
* . * - * *
: 481.75 70.04 : : i :
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SEDIME’T SURVEY SECTIDN QU APPELLE RIVER BELOW LOON CREEK (05uK007) XSEC. ID.-Uq
E . SURVEYED dUN 15, 1989
OTTAWA ONT: ) ek ok o o ok oo e ok ok ook ek o ok ook MINIMUM ELEVATION = 478.
* ELEVATION -~ AREA TABLE * . ASSUMED MINIMUM DATUM = 478 .00

FkhRERRERRRRRR A RE KRR KRR

****************t*tt***t**********************#**t***************************t********t************t**********t******************

) * ELEVA ION A?C ARfA * ELEVA'{ION A((‘C AR?A * EL?VA ION A C AREA * EL%VAIIUN C AR A :
******** **************************** **************************#*#***** kR kkkk ******************************* ***** * Xk kKK
* * * * *
* 478.25 1.02 * * * *
* * * * *
* 478.50 3.59 * * * *
* . * * * *
* 478.75 6.66 * * * *
* * * * *
* 479.00 10.43 * * * *
* * * * *
* 479.25 14.59 * * * - *
* . * * * *
* 479.50 18.99 * * * *
* * * * *
* 478.75 23.62 * * * *
* * * * *
* 480.00 28.42 * * * *
* %* * * *
* 480.25 ' 33.35 * * *, *
* - * * L, * *
* 480.50 38.43 * * * *
* - * * * *
* 480.75 43.82 * * * *
* * * * *
* 481.00 49.51% * * * *
* * * * *
* 481.25 55.70 * * * *
* * * * *
* 481.50 62.64 * * * *
* . * * * *
* 481.75 . 70.22 * * * *
% * * % *
: 482.00 78.40 : : : :
o ok ok Aok ok o KK KR Kk kR R R R oK o R ok R F ok Rk R R R R R R R Rk ok ok ok ok Ak R kR R R R Rk R KRR Rk KRR R KRR KRR KRR R R ARk R Rk kR Aok Rk Rk kK
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SED}ME?’F SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (QO5JK007) XSEC. ID.-GAUGE
PAGE 1 : YED JUN 15, 1989

OTTAWA ONT. ok ok ko kKK i MINIMUM EEE\R}X'FIDN =
* ELEVATION - AREA TABLE * ) ) ASSUMED MINIMUM DATUM = 478 00

Aok R ok ok ok ok R kR ol Kok ok Rk Rk

*************:&****************************:t*:a*xout***************:u**************ax***snr*:msx*:t**************a***********************
* ELEVA ION gc AREA : ELEVA'EION &ng ﬁRSA : ELZVA ION A?C AREA * EL?VA ION ACC. IAQR A *
A o s o ook ek o o K R ok ************* Atk Kok kK Rk KK K ok K Rk ok K

E 3

o oo o kR ool ol e o ol o e kol ko o i ool ok ok ko o ok o Rk kR ****&*******u***

* * * * *
* 478.50 .12 * * * *
* * * * *
* 478.75 i1.65 * * * - *
* * * * *
* 479.00 4.86 * * * * -
* * * * *
* 479.25 8.82 * * * *
* . * * * *
* 479.50 13.18 * * * *
* * * * *
* 479.79 17.75 * * % *
* 3 = % %
* 480.00 22.67 * * * *
* * * * *
* 480. 25 27.94 * * * *
* : * * * *
* 480.50 T 33.46° & * * *
* * * * *
* 480.7% 39.22 * * * *
* * % * *
* 481.00 45,17 * * * *
* * ® * *
* 481.25 51.34 * * * *
* * * * *
* 481.50 57.66 * ® * *
* * * * *
* 481.75 65.34 * * * *
* * * * *
o o ol kR ok kR R s ok o ook st ook ko ok ok ok ok o ok o 0 s R oK K ok o K S Aok K o o ool oo ok o o o o ok K K o o o e ok o ok o oo e o o o o o o oo o ol oo o ook ok o T o o ok R R
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SEDIME?T SURVEY SECTION : QU APPELLE RIVER BELOW LOON CREEK {OS5UKOO7) XSEC. ID.-Di

20/04/90_, PAGE 1 SURVEYED JUN 15,1989

OTTAWA,ONT. Ao o ok A kb ko kKoK ok ROk ok ok MINIMUM ELEVATION = 478.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 477.50

Aok ok ok ok K K K K KK Ok KK K K ok ok KR K

o o ok kK ok %% ok ok o ok ok ok o ok oK K ok ok R K K R OK R K o koK ok 3k kK 0K 3 ok ok ok ok ok o ok ok ok ok ok sk ok ok skok 3ok ok oK ok ok K oK 3k 3k ok 3 o 3 ok ok ok o R 3 KK R 3K oK ok oK ok ok ok ok ok ok ok ok ok ok ok o ok o ok o ok o o ok oK oK oK ok sk ok ok ok ok oK ok oK ok R oK

: ELEVATION ACC. AREA : ELEVATION ACC. AREA : ELEVATION AC(SI. AREA : ELEVATION ACC. AREA :
*'******i*#***************i*************J«*****************i**********:m*i**************g*gé*************&*****************i*******
* * * . . *
¥ © 478.25 .13 * 484 .50 141.82 * * *
* * * * *
* 478.50 .74 * 484.75 151.98 * * *
* * * * *
* 478.75 2.05 * * * *
* * * * *
* 479.00 4,15 * * * *
* * * * *
* 479.25 7.02 * * * *
* * * * *
* 479.50 10. 14 * * * *
* E * E 3 *
¥ 479.75 13.47 * * * *
* * * * *
* 480.00 17.20 * * * *
* % * * *
* 480.25 21.24 * * * *
* * * * *
* 480.50 25.54 * * * *
* * * * *
* 480.75 30.23 * * * *
* * * * *
* 481.00 35.17 * * * *
* * * * *
* 481.25 40.48 * * * *
* * * * *
* 481.50 : 46. 15 * * * *
* . ) * * * *
* 481.75 52.12 * * * *
* * * * *
* 482.00 58.48 * * * *
* * * * *
* 482 .25 65. 16 * * * *
* * * * *
* 482 .50 72.08 * * . * *
* * * * *
* 482.75 79.38 * * * *
* * * * *
* 483.00 87.01 * * * *
* * * * *
* 483.25 94.98 * * * *
* * * * *
* 483.50 103.43 * * * *
* . _ * * * *
* 483.75 112.45 * * * *
* * * * *
* 484 .00 122.05 * * * *
* * * * *
* 484 .25 131.85 * * * *
*******************************************************************************,**************************************************
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SEDIME?T SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK {OS5JK0O7) XSEC. ID.-D2
AGE SURVEYED JUN 15, 1989

OTTAWA ONT P AR RB R R R KRR kTR KRR R R TRk ! . MINIMUM ELEVATION

* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM
A o ko oo oK kK R R R

478,
- 478.00

e 2 o e o sk o Ak ok K ok S ok s ok o sk ok ok ok o ot e ke a o  ak ok  a ak ok a k o o ok ok ok ok o i o o ol o o sk ok ol ko o o ol o Ak o ok o ok o ok sk ke ok ko sk skok sk ook ok sk ok R ok R sk ok ko ak sk ok sk ko ok ek ok ook ok kR ok R R ok Rk kR

* EL%VATION ACC. AREA : ELEVATION ACC. AREA : ELEVATION ACC. AREA : ELE%A IGN ACC. ﬁR A :
******** ************5*******************************5**&************************************************************************
* * * * *
* 478.25 .02 * 484.50 152.06 * * *
* * , * * *
* 478.50 .95 * 484.75 162.40 * * *
* * s * * *
* 478.75 3.13 * 485.00 173.13 C* * *
* * * * *
* 479.00 ' 6.23 * * * *
* * * * *
* 479.25 10.01 * * * *
* ) - W * * *
* 478.850 14.03 = * * *
* * B3 * *
* 478.75 18.33 * * * *
* . X *® * *
* 480.00 22.91 * * *. *
* * * * *
* 480.25 ' 27.68 * * * *
* ) * * * *
* 480.50 32.62 * ® * *
* * # % *
* 480.75 37.82 * * * *
¥ * * * *
* 481.00 43.28 * * * *
* . * * * *
* 4819.25 49.05 * * * *
* * * & *
* 481.50 55.12 * * * *
* * * * *
* 481.75 61.43 * * * *
* *x * * *
* 482.00 67.91 * * * *
* * * * *
* 482.25 74.60 * * * *
* * * * *
* 482 .50 81.60 * * * *
* L% * * *
* 482.75 89.00 * * * *
* * * * *
* 483.00 96.75 * * * *
* % * * *
* 483.25 104.80 * * * *
* * * * *
* 483.50 113.20 * * * *
* ) * * * *
* 483.75 12217 * * * *
* . * * * *
* 484 .00 131.91 * * * *
* * * * *
* 484,25 141,88 * . * - * M
sk kR kK ******f******************************************************************************************************************

*
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SEDIME?T SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (05JK007) XSEC. ID,.-D3

20/04/90_, PAGE 1 SURVEYED JUN 15, 1989

OTTAWA,ONT. . Ak ok ok ok ok ok ok ok ok ok ok ko ok kK ok MINIMUM ELEVATION = . .
* ELEVATION ~ AREA TABLE * ASSUMED MINIMUM DATUM = 477 .50

% 3k s ok 3k 3 ok ok ok %k K ok ok ok K ook ok Xk ok K ok k Kok

*****************************************************************************************t**************************y************

* ELEVATION ACC. AREA * ELEVATION ACC. AREA *  ELEVATION ACC. AREA * ELE\IA'{ION ACC. AREA *
* M * * (SO M.} * (M (SQ M.) *

ok ok 3k ok ok A ok ok ok ok ok ok ok ok ok ok ok ok ok 3 ok ok ok ok ok ok ok ok ok ok ok ok ok A ok ok 3 ok sk 3K ok ok ok ok koK ok ook ok ok oK ok ok Kok ok ok ok kK ok ok ke ok ke R ok ok R ok ok ok kK Kk ok K kK ok kK ok ok ok ok ok ok ok kK ok kR Kk kR k Kk ok Kok Rk ok Kk Kk Rk Rk KKK KK

* * * * *
* 478.25 2.17 * * * *
* * * * *
* 478.50 5.80 * * * *
* * * * *
* 478.75 9.76 * * * *
* * * * *
* 479.00 14.06 * * * *
* * * * *
* 479.25 1i8.62 * * * *
*. * * * *
* 479.50 23.34 * * * *
* * * * *
* 479.75 28.23 * * * *
* * * * *
* 480.00 33.29 * * * *
* * * * *
* 480.25 38.52 * * * *
* * * * *
* 480.50 43.93 * * * *
* * * * *
* 480.75 49,52 * * * *
* * * * *
* 481.00 55.30 * * * *
* * * * *
* 481.25 61.30 * * * *
* * * * *
: 481.50 67 .67 : : ‘ : :
ok ok ok ok ok sk sk ok K ok oK oK oK oK ok ok ok ok ok ok ok K ok ok 0K oK ok ok ok ok ok o K o ok 33K ok ok oK 2 o o oK ok ok oK ok 3 ok ok ok ok 3Kk oK ok K Kok ok ok ok ok ok ok ok % ok ok ok ok 2 ok ok o o ok ok oKk ok ok ok K ok K oK o o ok o oK ok oK ok ok oK K ok K K K KKk
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SEDIMENT SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK {O5UK007) XSEC. 1D.-
20/04/90_, PAGE { SURVEYED JUN 15, 1989
OTTAWA,ONT. bbbtk bl bbb bbby i MINIMUM ELEVATION = 47

* ELEVATION - AREA TABLE * ' ASSUMED MINIMUM DATUM =  477.50

e ok S ok ok ok ok ok ok ok ok Rk ok ok sk ok ok ok ok

S 3 oo ok ok 3k 3 ok ok ook i sk ok ok ok ol o8 38 Kok ok ok ok o ok 3ok e i 8k ok ok ok ok ok ok ol ko ok o ok ok ok oK 38 38 ol okt ok o ok ok ok ok ok ok 3k o ek ok ok ok 3 ok Aok skt Sk kool ok sk el ok ok ok ok ok oK ok kol ok ko ok ok ok ok ol ok oK ok sk ok ok ok ok sk ok ok R sk ok ok ok

* ELEVATION A?C. AR%A * ELEVA"IUN ACC. AREA * ELEVATION ‘ACC. AREA * ELEVAIION ACC. AREA *
* M. SQ M, * M. M. * M. SQ M. * . M. *
s 3k ok ok 3 3k 3k ok 3 ok ok 30K 3 3ok ok 2k 3K 3K X3k sk S ak 3 sk ok ok 3k 3 sk ok 3 ok 3K ok ok ak 3 ok 3k o 3ok 3k 3ok ok ok 3k 3K a3 3Kk ok ok ok ok ok ok ok ok ok o ok ok Sk ke ok ok ok ook e ok ok kol ok ok ol 3 ko o ok ek ook ok 3K kol 3k ek e 3Kk ok ok o ok e ek ok ok ok e ek ok kok ke kek
* * * Co% *
*  478.00 .74 * * * * .
* * * * *
* 478.25 3.07 * * Lk *
* * * * L
* 478.50 6.03 * * * *
* * * * *®
* 478.75 9.55 * * * *
* * * * *
* 479.00 i3.40 * * * *
* * * * *
* 479.28 17.58 * = = *
* * * * e
* 479.50 21.97 * * * *
* : * * * *
* 479.75 26.51 * * * *
* * 2 * %*
*.  480.00 31.30 * * * *
* * * * *
* 480.25 36.31 * * * *
* * * * *
* 480.50 41.49 * * * *
* . * ® * *
*  480.75 - 46.94 * . x *
* ) * * * *
* 481.00 §2.69 * # * *
* & * * *
* 481.25 §8.7¢ * * * *
* * * * *
* 481 .50 65.40 * * * *
* * % * *
¥ 481.75 73.08 x " _ * x
Fkkkchkkkkdkok kR kckdkohkhokkkkkdkohkkokkkkokhkkskkskkokkkskkskkokkkhokkkskkokkokdk ke skokskdskkwokokkokok kokokok sk dkok ok ek hakokhokkoksk ok ok kokkdoksk ek koksk ok ko kkkoh sk kh kk kkkkkh ok
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SEDIME?T SURVEY SECTION QU APPELLE RIVER BELOW LOON CREEK (0O5JK007) . XSEC. ID.-DS
PAGE 1 SURVEYED JUN 15, 1989
DTTAWA ONT e T T T L L2 MINIMUM ELEVATION = 78.
* ELEVATION - AREA TABLE * ASSUMED MINIMUM DATUM = 477 50

AEKKKRKARKKE KKK E R KRR KRR KK

*****************************************************************#***************************************************************

%  ELEVATION A?C AREA * ELEVA ION Al(‘c AR%A : ELEVA‘;ION ' Acg GR A : ELEVATION AC(S: AREA :
**************************************************************************************Q*:r****************************************‘
* * * * *
* 477.75 .22 * * * *
* * * * *
* 478.00 1.78 * * * *

* * * *

478.25 4.42 ¥ * * *
* % * *

478.50 8.11 * * * *
* % * *

478.7% 12.39 * * * *
* * * *

479.00 17.13 * * * *
* * * *

479.25 22.13 * * * *
* * * *

479.50 27 .24 * * * *
* * * *

479.75% 32.48 * * * *
) * * * *
480.00 37.91 * * * *
) * * * *
480.25 44.06 * * * *
* * * *

480.50" 50.85 * * * *
* * * *

480.75 58.13 * * ¥ *
* * * *

. 481.00 65.80 * * * *
: * * * *
481.25 73.82 * * * *
* * * *

481.50 "82.14 * * * *
* * . * *

481.75% 20.98 : : : :
AR O L I T Il I I I I I I I T T I T

LA AR R R AL ERESEREE LIRS EEEEEEEEEE EE X ¥ S
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BED MATERIAL SAMPLES



Hydraulic & Morphclogic Data Workshop — Laboratory Analysis Results ' ' Page 4 of 5

Station Number: 05JK007 ' ' ' Year: 1989

Station Name: QU’APPELLE RIVER below Loon Creek

i) Bed Material Sampling

Sampler Sample Finer Than Size (um) Indicated
Date Vertical Type Number Net Wt 4 8 16 31 62 125 250 500 1000 2000 4000 8000 16000 32000 64000
(g} (%)
Jun 15 1/4LB  RBMH80 U1l - 1 142.7 91 95 97 98 99 100
Jun 15 1/2LB  RBMH80 Ul - 2 152.7 23 29 36 44 55 72 89 97 99 99 93 100
Jun 15 3/4LB  RBMH80 Ul — 3  123.1 98 100
Jun 15 1/4LB RBMH8O U2 - 1 262.4 64 76 85 94 97 98 93 100
Jun 15 1/2LB RBMH8O0 U2 - 2 152.6 52 63 74 82 90 97 99 99 95 99 99 100
Jun 15 3/4LB  RBMH80 U2 - 3  202.3 71 87 94 98 99 100
Jun 15 1/4LB RBMH80 U3 - 1 148.6 97 100
Jun 15 1,2LB RBMH8O U3 — 2 150.0 56 69 79 86 93 93 100
Jun 15 3/4LB  RBMH80 U3 - 3  158.6 92 97 98 99 99 100
Jun 15 1/4LB RBMH8O U4 - 1  154.5 96 100
Jun 15 - 1,2LB RBMH80 U4 — 2 133.5 55 67 78 86 93 99 100
Jun 15 3/4LB RBMH8O U4 - 3  288.4 80 85 89 92 94 95 98 98 100
Jun 15  1/4LB  RBMH8O U5 — 1  156.1 90 96 98 99 100
Jun 15 1/2LB RBMH80 U5 — 2 266.4 25 30 36 43 49 55 66 94 99 100
Jun 15 3/4LB  RBMH8O U5 - 3  150.6 61 66 76 84 a8 90 92 . 97 100
G 'NO SAMPLES
D1 NO SAMPLES
D2 NO SAMPLES
Jun 15 1/4LB RBMH8O D3 - 1 341.4 32 36 41 56 76 91 98 100
Jun 15 1,218 RBMH8O D3 - 2 328.2 10 12 15 17 18 23 36 83 97 100
Jun 15 3/41B RBMHEO D3 - 3 245.1 67 87 99 100
‘Jun 15 1/4LB RBMHB0 D4 — 1  234.7 71 91 97 98 99 93 100
Jun 15 i/2LB  RBMH80 D4 — 2 212.1 18 22 26 31 37 66 95 99 100 -
Jun 15 3/4LB RBMHBO D4 - 3  265.5 28 36 55 89 97 99 . 99 100
Jun 15 1/4LB  RBMHB0 D5 — 1  166.6 86 97 98 93 100
Jun 15 1/2LB  RBMH80 D5 - 2 189.7 36 45 55 65 78 95 99 100
Jun 15 . 3/4LB  RBMHBO D5 — 3  266.0 75 91 97 99 99 100

U = Upstream x—-sectiocn; D = Downstream x-section; G = @ gauge (fiow metering x-section)
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Station Number: 05JK007 Year: 1989
Station Name: QU’APPELLE RIVER below Lecon Creek
ii) Bank Sampling
Sampler Sample Finer Than Size {um) Indicated
Date Vertical Type Number Net Wt 4 8 16 31 62 125 250 500 1000 20000 4000 8000 160006 32000 64000
(g} (%)
Jun 15 @ G-RB Scoép e -1 780.3 42 56 61 72 82 91 97 99 100
Jun 15 @ G-LB Scoop LC - 2A 3698.5 6 7 8§ 10 13 17 27 42 54 63 72 82 94 100
Jun 15 @ G-LB Scoop LC - 2T 2239.0 28 34 41 51 63 75 a2 86 89 91 23 98 97 109
Jun 15 8 vl-mB Sceep Lc -3 1431.6 2§ 33 42 53 &5 76 53 55 100
Jun 15 @ US-RB Scoop LC - 4 2616.7 4 S [ 8 10 14 19 N 490 46 54 63 78 92 100
Jun 15 @ US-RB Scoop LC -5  1185.2 28 33 41 51 66 82 89 94 97 98 100 '
Jun 15 @ D3-LB Scoep LC - 6 1687;0 27 31 37 45 57 5 90 97 98 99 99 100
Jun 15 @ D3-LB Scoop Lc - 7 4446.6 ’ 3 5 1@ 16 26 44 68 .13 92 98 100
Jun 15 @ b3—RB Scoop LC - 8 1212.8 40 46 53 60 67 78 95 100 ‘

U = Upstream x-section; D = Downstream x-section; G = @ gauge {flow metering x-section}
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