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ÀBSTRÀCT

Sediment dynamics at a station and station to station are

assessed on the Àssiniboine River of Manitoba. Water Survey

of Canada sediment and hydraulic data nere analyzed yielding
sediment parameter relationships. Using these relation-
ships, a comparison of measured data with K-factor and

stage-discharge esLimated data was carried out. K-factor
data proved to be inferior to measured data. The effects of

the Portage Diversion works and Shellmouth Dam on the Àssi-

n iboine River were al-so studied. Parameter relat ionships

before and after the construction of the diversion and

Shellmouth Dam indicate a change in channel regime down-

st ream.

Àn intensive on site survey sras carried out to identify
various physical features that influence the total sediment

1oad, such as landslides, active spriDgs, and channel geolo-

gy. It b¡as f ound that much of the Assiniboine's bed is arm-

oured and depleted of sediment. Sediment contribution is
chiefly a result of the numerous landslides and ground water

springs throughout the river's relic Lake Agassiz delta re-
gion. Sediment ís not transported in a steady state but

rather by pulses in the form of sand waves which approach

the flow depth in height.
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Total loads at water survey of canada stations are com-

puted using the Àckers-white transport function ( 1 973 ) .

These loads were considerabry more than those measured by

water survey. Thi s ¡ras arso conf i rmed using the colby
(1964 ) method of estimating sediment transport, thereby

confirming that the stream is armoured along much of its
reach and transporting less than an equiribrium sediment

load. The existing bed material road is thus supply rather
than hydraulics determined.

The MOBED math model was employed to predict a channel

profire after 500 rear years if the stream were alluvial.
The result was degradation of 14 meters at Brandon. This

wouLd indicate that degradation is prevented on the present

stream by the presence of Currie's Rapids.
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Chapter I

I NTRODUCTI ON

The Àssiniboine River has its head sraters in eastern sas-

katchewan. rts waters flow southeast into Manitoba where

the Qu'Àppelle Ríver contributes to the flow. The Souris

River, winding its vray up f rom the south, meets the Àssini-
boine east of Brandon, Manitoba. The Àssiniboine then con-

tinues east to the city of l^linnipeg where it empties into
the Red River, figure 1

The Water Survey of Canada has collected water level and

flow data on the Assiniboine River since the late 1800s.

sediment data have been corrected since 1 956 at one or more

stations each year.

Discharges of up to 1500 cms have been recorded on the

Assiniboine River (during the 1976 flood) wittr suspended

sediment discharges in excess of 60r000 tonnes per day.

It is desired to study sediment dynamics at a station and

station to station. water survey of canada data $¡ere used

to study sediment dynamics at a station. The reach of river
used for this study extends from the Water Survey Station
near RusseJ.I, Manitoba, located 46 kilometers downstream of

the Shellmouth Dam, to the l.iater Survey station at Heading-

1



Iey, Manitoba,located 30 kilometers upstream

boine's mouth. À twenty year period of data

197 6 vras chosen f or thi s study.

2

of the Àssini-

from 1956 to

Various hydraulic and sediment parameter relationships
v¡ere analyzed at each station. It vras necessary to examine

the physical characteristics a! each !.fater Survey of Canada

Stations in this study (figure 2), in order to identify any

condition that wourd induce bias into the ftow and sediment

data colLected. Thus, if a discrepancy between theoretical
relationships and relationships derived tror analysis of the

data occurs, it may be possible to identify the probable

cause. IL was also important to study the methodology and

equipment used in data collection. In some cases Water Sur-

vey of Canada uses estimation methods for discharge and

sediment discharge if measurements are not obtainable. Àn

evaluation was carried out to study the quality of the esti-
mated data. It was then possible to decide whether or not

estimated data could be included in studying hydraulic and

sediment relationships.

MOBED, B. G. Krishnappan's (1978) coupled water and sedi-
ment routing model, was employed to study station to station
sediment dynamics. The reach of the Àssiniboine modelled

extends from the Water Survey station near Brandon to the

Portage Reservoir. This reach has a total length of 307

kilometers. It yras thought that this length of river would

be the most active in terms of sediment dynamics, because of



À comparison of measured sediment discharge is made with
predicted sediment discharges using the Àckers-white and

colby sediment transport functions. It was then possible to

compare the present sediment transport rate with an equilib-
rium transport rate

its steep slope and the availability of a

Ìoad. The actual profile of the Assiniboine

pared to a profile generated by the model.

Two major structures vrere put into operation

niboine in 1969 for flood protection purposes.

the Shellmouth Dam and the Port,age Diversion.

3

transportable

River was com-

on the Àssi-

These are

The shellmouth Dam was constructed to provide storage for
flood vraters during high flows on the Assiniboine River.
The Shellmouth Dam offers flood protection to the downstream

region of the Àssiniboine River Val1ey by reducing flood
peaks.

The Portage Diversion (or Àssiniboine Diversion) was con-

structed to supplement the Red River Floodway in offering
flood protection to the city of Winnipeg. Flood protection
is also offered to Lhe city of Portage Ia Prairie immediate-

ly downstream of the Diversion. Excess flows from the Assi-
niboine are diverted north to Lake Manitoba. The structure
includes a dam with spillway works on the Àssiniboine River.
A reservoir covering 652 Ha. has been created behind the

dam.
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sediment dynamics before and after the construction of

the projects were studied to provide information as to their
effects on the sediment dynamics of the study reach. Figure

2 shows the locations of the two structures.

Before sediment dynamics can be studied, it is necessary

to understand the geomorphology of the region. The geo-

morphic history of the region vras therefore studied along

with regional geoJ.ogy. rnspection of the region v¡as carried
out by canoeing f rom Brandon to Holland, f.Iying the reach

from Holland to winnipeg, and by locarry visiting each of

the water survey stations downstream of the shellmouth Dam.



Chapter I I

SEDIMENT TRÀNSPORT

The Assiniboine frequentry transports severar thousand

tonnes of sediment per day. on occasion, the Àssiniboine
river has transported as rnuch as 60,000 tonnes per day, dur-
ing freshet. sediment transport terms are defined berow.

2.1 MODES OF SED]MENT TRÀNSPORT

Sediment is transported in three modes:

1. Bed Load

Bed load is composed of large sediment particles which

are rol-1ed or dragged arong, in nearly continuous contact
with the stream bed.

2, Suspended Bed Load

suspended sediment consists of those particles (greater

than 0.062 mm. ) which are support.ed in the f low by the tur-
bulent motion of the stream for a considerable length of

t ime.

3. Wash Load

wash load is composed of very fine particLes which remain

in suspension untir the velocity of the stream is nearry

zeto.

4. Bed Material Load

5-



Bed material load

bed load.

6

is the sum of Bed load and Suspended

2.2 EOUILIBRIUM SEDIMENT TRANSPORT

The body of water that a stream flows into is defined as

its base level. In the case of the Àssiniboine, the base

level has changed from Lake Agassiz, to Lake Manitoba, to
what is now its present base IeveI, the Red River at VÍinni-

peg. Sediment is transported from the steep uplands and de-

posited along the Lowlands until the river enters the body

of water at its base level. This results in a concave up

river profile. There are several hydraulic parameters in-
volved in the transport of this sediment.

There exists an equilibrium state
river, the discharge of a river, the

the median grain size. Lane (1955)

Iationship:

eS c AsD)g

Where:

o di scharge

s slope

Qs sediment discharge

between the slope of a

sediment dischaEger and

gives the following re-

D
50

median grain diameter
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The maximum amount of sediment that a river can transport
at a given slope and discharge is referred to as the capaci-
ty of the river. Rivers are very conservative systems.

usually onry a fraction of their energy is used to transport
sediment. The amount of energy used for sediment transport
increases with the size of the stream. External friction
against the river bed and internar friction through turbu-
lence absorb all but a smaLl percentage of the stream's en-

ergy, Rubey (1933). Therefore, ât the equilibrium state,
sediment transport is carried out at the capacity of the

river. Any change in one of the previousry mentioned param-

eters will offset the equilibrium state of the river.

when the sediment road is increased with all other param-

eters being constant, the stream, already at capacity, will
begin to deposit the excess sediment. The sediment deposit-
ed wirl steepen the srope and will therefore gradualry de-

crease as flow continues. This process wiIl continue until
the increase in slope caused by deposition is great enough

to increase the capacity of the river to a lever capable of

transporting the greater sediment load. The stream is now

at equilibrium again, with a greater srope and a greater

sediment load than before.

rf the mean size of sediment particles is decreased, the

river is able to move the smaller sediment particles more

easily. The river is nol¡ under capacity with respect to
sediment transport. since the river desires to operate at



I
capacity, degradation will take place in the upper reach

with aggradation along the lower reach. This creates a

milder slope which reduces the stream's capacity. The river
is now in equilibrium again, however, at a milder slope and

smalLer mean particle size than before.

When the discharge of a stream is increased, its capacity

is also increased. It has the ability to move additional
sediment. The stream obtains this sediment by degrading its
bed. This degradation continues and decreases the slope un-

til the eguilibrium state is again reached.

A river
pattern.

have a

pattern.

slope is

For a given valley slope, a

higher sediment capacity than a

steeper sJ.ope.

The relationship
initially studied by

of data collect,ed on

much steeper slope than a river

chang i ng

st ra i ght

that has

This relationshiop between vaJ.ley s)-ope

referred to as sinuosity, where:

can al-so change its slope by

For a given valley slope a

straight river would

meandering river due

its meander

river would

a meander

and river

have a

to the

SINUOSI TY ( Rr ven Dr srÀNce ) / (v¡r,r,ey Dr srÀNcE )

between valley sLope and sinuosity was

Fisk, H. N. (1944), through an analysis

the Mississippi River during the early



1900s. Through laboratory studies, Schumm

devised the following relationship between

sinuosity:

a 3

9

and Khan (1973),

valJ.ey slope and

Braided +
Þ
H
H
Øo
z
H
(â

1.2

1 1a

Meandering
1.0

0 o.5
VALLEY

2.O

2.3 PARÀMETER DEFTNITIONS

The previously discussed parameters are not the only

variables involved in the transport of sediment in a stream.

There are numerous other variables which may influence sedi-
ment transport. Devising relationships between various pa-

rameters and their influence on sediment transport has been

the motive for much research by notable persons in the

1,O 1.5
SLOPE(PERCENT)



field, such as Einstein (1948), Meyer-peter (1948),

( 1 948 ) , Colby (1964) , Àcker s (1974) , white (1974) ,

with several others. This report wilI study only the

tionships of the parameters presented in Appendix À.

10

Mul Ie r

a long

rela-



Chapter I I I

REGIONÀL GEOLOGICÀL HI STORY

3.1 THE PLETSTOCENE PERIOD

During the Pleistocene Ice Age, which ended about 10,000

years ago, glaciers carved out a large shallow basin through

central Manitoba. Ðarling Ford Moraine, otherwise known as

the Manitoba escarpment, marks a recessional position of the

glaciers. GIacial ti11 vras deposited to the west where the

glaciers encountered Riding and Porcupine Mountains. Melt

water from t,he receding glaciers filled the basin to form

glacial Lake Agassiz. The elevation of Lake Àgassiz was 370

meters above sea level and covered an area of about 400,000

square kilometers.

The Àssiniboine River, then a mighty stream, drained the

land to the West of Lake Agassiz. The Àssiniboine formed a

huge delta upon entering Lake Àgassiz. The delta extended

from Brandon east with a radius of about 140 kilometers.

There is evidence of distributaries through the delta.
One very pronounced example is Douglas Marsh, figure 3.

Douglas Marsh appears to have been a major delta distribu-
tary when the Assiniboine flowed into Lake Àgassiz. A pro-

file through Douglas Marsh shows that it still retains a

11
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reach tangent to the ol-d Lake Àgassiz level, figure 4. The

flow split between the present channel and Douglas Marsh oc-

curred near what is novr the city of Brandon. when Lake

Agassiz began to drain, both distributary channels began to
degrade. The present channel wouLd have degraded more than

the Douglas Marsh channel, thereby pirating the flow from

the Douglas Marsh channel.

Over time Lake Agassiz drained

Lake Manitoba, Lake Winnipeg, Lake

ber of smaller lakes.

until all that
Winnipegosis,

remaln are

and a num-

3.2 PRESENT SETTING

Presentry the Assiniboine River flows through three geo-

logical regions, the glaciar tilr deposit upstream of Bran-

don, the alluviar deposit of its ancient derta, and the ord

lake bottom of Lake Agassiz, figure 5.

The reach of the river upstream of Brandon winds through

the graciar ti11 deposited by the preistocene graciers when

they encountered Èhe shale summits of Riding and porcupine

Mountains. The glacial tilr has an average composition of
13e" gravel, 33ro sand , 31eo silt and 23eo c]uy, with occasional

deposits of large bourders. shale bedrock underries the
glacial ti11 in this region. severar tributaries have de-

graded through the glacial till to the shale bedrock.
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Just east of the City of Brandon, it appears that the Às-

siniboine has penetrated an extension of the Darling Ford

Moraine. At Currie's Rapids, downstream of Brandon, bould-

ers of up to three meters in diameter are distributed in a

parabola across the Àssiniboine's bed. This would imply

that the Assiniboine, once a much larger stream, has blasted

through the moraine and arranged the material encountered

according to its parabolic velocity distribution. The

presnt Àssiniboine is f ar too smal-I to move this material,
and simply falls over it.

Much of the glacial tiII has been overlain with coarse

alluvial deposits during the formation of the Assiniboine's

delta. The delta extends from Brandon to the Portage diver-
sion reservoir. The coarse material near Brandon becomes

increasingly finer toward the east. Huge mâsses of sand

have been deposited near what is now Spruce ttoods Provincial-

Park. This wind blown sand has formed the dunes of the

unique Carberry Desert. To this day the wind blown dunes

have not yet been overtaken by vegetation.

A more recent deposit is found near Portage Ia Prairie.
This deposit is an active alluviaL fan being constructed by

material in transport on the steeper slope upstream.

The underlying bedrock in the deLta region is shale or

I imestone .



Downstream of .Portage Ia Prairi'e, the Àssiniboine

flows along the ancient lake bottom of Lake Agassiz.

face deposits consist chiefly of silt laid down by

Agassiz. The bedrock here is sedimentary rock, mostly

stone. The bedrock is covered by an average depth of

50 meters of silt and c1ay.

14
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Chapter IV

GEOMORPHOLOGY

4.1 THE ASSINIBOINE'S PROFILE

A J-ongitudinar plot of the Àssiniboine River's prof ire
downstream of the shellmouth Dam is shown in figure 6. The

Àssiniboine's prof ile may be broken dov¡n into t,hree .sections

which correspond to the three geological regions discussed

in Section 3.2.

Along the upper reach from the sherrmouth Dam to the city
of Brandon, a typicar concave up river prof ile is evident.
The ancient Lake Àgassiz surface rever is tangent to the

downstream end of this reach at Brandon. From a comparison

of valrey and upland profires in figure s, it is evident
that significant degradation has occurred along this reach.

This degradation would have begun long before the formation

of Lake Agassiz, at a slow rate. Degradation probably kept

pace with the uprift of the share bedrock in this region.
The resurt of this degradation is a varley 1oo meters deep

at the Shellmouth Dam.

Downstream of Brandon, the Assiniboine frows through its
ancient deltaic deposits. Àlong this reach the slope of the

channel is considerably steeper than that upstream of Bran-

15
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don. When Lake Agassiz drained, the Assiniboine began to
degrade through its delta to meet its lowering base level.
This material, mâinly sand, has formed a great alluvial fan

where the Assiniboine reaches the former bed of glacial Lake

Agassiz. The extent of this degradation can be seen in fig-
ure 5.

Although the material generaj-Ly exposed in the river val-
Iey is unconsolidated sand, glacial ti11 underlies much of

the deltaic deposits. It is evident, by the presence of

cobbles one third of a meter in diameter, that the Assini-
boine has cut down to the glacial tiIl in some locations.
Closer examination of the valley profile in figure 5 indi-
cates that there are several inflection points along the

steep reach. These are points where the Àssiniboine has en-

countered the glaciaJ. ti11 and could not degrade any fur-
ther. These armoured sections prevent degradation immedi-

ately upstream, resulting in a profile with a step-like
appearance.

The most pronounced example of armouring is found at Cur-

rie's Rapids. Here boulders three meters in diameter pre-

vent head cutting from moving upstream to Brandon. Degrada-

tion through the Àssiniboine's delta ends at Currie's
Rapids. The section upstream of Brandon is being held up by

the armour at Currie's Rapids.
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Downstream of Portage ra prairie the Assiniboine again

reduces its slope as it flows along the bed of gracial Lake

Àgassiz. The stream appears to be alIuvial in this reach,

flowing through a channel formed with material from the a1-

luviar fan. over time the Assiniboine has periodicarry
shifted course in this region. There are a number of aban-

doned channels that would suggest that the Àssiniboine once

flowed into Lake Manitoba. The river may have arso flowed

through a channel which is now occupied by the La salre Riv-
er. The present Àssiniboine has built up natural levees

along its course into winnipeg. rn some areas the channel

is guite stabl-e. There are still occasional deposits of
rock in the channel. Àggradation occurs along this reach.

4.2 SEÐTMENT CONDITIONS

Suspended sediment concentrations in the Àssiniboine are

very low downstream of the shellmouth Dam. However, there
are several tributaries along the upper reach of the Assini-
boine. These tributaries flow through the glacial tirl de-

posits and have often degraded to the shale bedrock beneath.

since these tributaries are of a much steeper srope than the

main channel, they are capable of moving a surprising amount

of shale into the Assiniboine.

shale is being brought into the Àssiniboine as far down-

stream as the cypress River. since the specific density of

shale is less than that of crystalline material, it is



transported

tion of the

more readily.
Souris and the

To assess this
Àssiniboine s¡as

rmpac t ,

studi ed.

18

the junc-

Bed material samples were taken on the Assiniboine up-

stream and downstream of the souris River. It was noted

that the souris 9¡as contributing chiefly shale sediment.

upstream of the souris the median grain size, DJo, of the

bed materiar was 0.96 mm., whire downstream of the souris
the median grain size jumped up to 15.0 mm. upstream of the

souris, pea-graver lras in motion, whire downstream, share up

to 30 mm. long s¡as being transported. share, however, is
easily fractured. A few kilometers downstream the largest
shale particles were reduced to 5 mm. in diameter.

Along the steep reach, where the Assiniboine is actively
cutting through its deLta, one would anticipate high sedi-
ment Ìoads. However, in some reaches extending for several
kilometers, the stream appears to be depleted of sediment.

This is a result of the channel being armoured. cobbres

with the occasional bourder are strewn along the bed. The

present Assiniboine is not capable of transporting this ma-

terial. No significant lateral sediment inflow occurs in
these reaches of sediment depletion.

when the dertaic reach of the river vras frown by right
aircraft, sand waves were one very obvious mode of sediment

transport. Huge masses of sediment were seen propagating

downstream in single pulses. Typicar ampritudes are eguar
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to the flow depth and wave lengths are on the order of 6 to
10 widths. rt vras obvious from the air that suspended sedi-
ment samples taken at a section wourd vary tremendously from

hour to hour with the passing of one of these h'aves.

Aside from tributaries there are two

tors of sediment: Iandslides and ground

prominent contribu-
water springs.

4.3 LÀNDSLIDES

when the Àssiniboine River cut through its derta, it reft
some rather unstabre slopes. The amount of degradation can

be seen from figure 5. rn some areas the degradation is in

excess of 60 meters. since the derta is composed of uncon-

solidated sand, landslides numbering into the hundreds dot

the Àssiniboine's valIey. One slide, ât "Steel,s Ferry

overlook", is about 50 meters in height and extends for sev-

eral hundred meters along the south bank of the river.

During spring freshet the toe of a slide is carried away

by the flow. when the discharge decreases into the summer

months, the flow is unable to move these deposits and they

sJ.owly protrude into the channel to remain until the next

spring's freshet.

Thus sediment moves in pulses through this
these landslide slumps may be carried as a

forming a sand wave much larger than dunes.

reach.

s i ngle

One of

pul se ,
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4 .4 GROUNDI^TÀTER SPRI NGS

The unconsolidated sand of the deltaic deposit is an ex-

celrent aquifer. More than one hundred groundwater springs

debouch from the valley slopes along the reach from Brandon

to Portage la Prairie. During the summer months inflow from

these springs exceeds the inflow provided by tributaries.

Ðuring the response to a single rain event, a good-sized

spring can wash in many tonnes of the deltaic sand. The aL-

luvial fan formed by one of these springs upon entering the

Assiniboine measured 30 meters across. These arluvial fans,
just like the landslides, cannot be mobilized by Low flow.
They too will remain until spring freshet. When they are

mobilized, they will also move as purses in the familiar
sand wave form.

4.5 cuT-oFFS

Perhaps the.rnost evident indications of the Assiniboine's
activity are cut-offs. There have been a number of cut-offs
in recent history. Big Island, in spruce woods provincial

Park, was formed by a cut-off recently completed. Àir pho-

tos from the 1950s show what is now Big Island as a 1arge

meander loop. In the 1960s a cut-off was formed which vras

completed in the early 1970s.

Just 6 kilometers to the west of Big

off vras formed during the 1976 flood.

IsLand, another cut-
This cut-off , stiIl



in process today,

Presently, flow in

total flow. This

years noll and will
The unusually long

these cut-of fs is a

sediment.
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reduces the river length by 2 kilometers.

the old channel i s less than 1 Oeo of the

cut-off has been in progress for nine

require a few more years to be completed.

Èime period involved in the formation of

result of the channel being depleted of

Two other sites were observed where cut-offs began to
form during the 1976 flood. Flow has never since reached

the discharge of the 1976 flood, therefore the ord channels

remain occupied while the new channels are dry.

4,6 S]NUOSITY OF THE ÀSSTN BOI NE

variation in sinuosity ( river distance /varley distance) ,

yields much information about the study reach. For a mean-

dering sand bed channel the sinuosity is usuatly between 1.5

and 2.0 . I f the valley sì-ope along a reach is steep, sin-
uosity will increase to bring the river slope back into an

equiribrium stat.e for the sediment available. Likewise, if
valIey sJ.ope is frat, sinuosity will decrease resulting in
an increased river slope. when sinuosity decreases to a

minimum of 1 , the channel becomes straight, with a s]-ope

equal to that of the va1ley.

sinuosity is also rerated to sediment concentration. If
sediment concentration is row along a reach, sinuosity wourd
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increase in order to reach an equitibrium sediment transport
state. If a channel- is unable to degrade, it could increase

its sinuosity in order to reduce its slope. Schumm (1977)

gives the following relationship:

rì -b. S. \es- d, P

QE sediment discharge

b channel width

meander wavelength

S slope

d depth

P sinuosity

Considering again the three geological regions of

siniboine River, it could be seen from figure 5 that
ity follows the same three region breakdown.

À

the Às-

s i nuos-
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ÀÌong the upper reach from the Shellmouth Dam to Brandon,

sinuosity averages 1.98. This is rather high for the shal-
low valley slope present. The high sinuosity may be ex-

plained by the fow sediment concentration throughout this
reach. Sinuosity is increased in order to decrease the riv-
er slope to that of an equilibrium state.

Along the reach where the Assiniboine is cutting through

its delta, valley slopes are quite steep. Às previously

discussed in Section 4.1 periodic armouring of the channel

in this reach has resulted in a step-like valley slope pro-

file. Àlong the deltiac reach the valley slope ranges from

0.00038 to 0.00159. SimilarIy sinuosity changes to corre-

spond with valley slope. Sinuosity is high where the valley
slope is steep and low where the valley slope is flat. The

sinuosity along this reach ranges from 1.4 to 2.5 with the

occasional section as high as 3.0. The average sinuosity of

the reach is 1.96

Downstream of Portage Ia Prairie,
comes steady and shalIow, following

bed. Sinuosity along this reach is
averaging 1.56.

the valley
glacial Lake

also rather

slope be-

Agassiz's

constant,

The effect of the varying sinuosity along the entire
study reach is evident when comparing Figures 5 and 6. The

irregular valIey slope is smoothed out by the varying sin-
uosity to produce the river slope profile in figure 6.



sinuosity versus valley slope Ytas plotted in figure 7 '

The relationship was found to be similar to that of Schumm

and Khan (1973). The steepest va1ley slopes of the range

present on the Assiniboine faII on the 'near transitional'

portion of the classification curve developed by schumm and

Khan (1973). This indicates that the Assiniboine River'

along the reach from currie's Rapids to PorLage Ia Prairie'

is near transition from a meandering stream to a braided

stream. Àerial inspection of the Assiniboine has confirmed

this crassification. Flow is sprit by huge sand bars and

shrub covered islands. Three or four channels are evident

at some sections during row frow. rt wourd appear that in

places the river is on the verge of shifting to a braided

channel.

From Lane (1957) ' if sloPe

following equation the channel
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that derived from the

braided:

exceeds

wiII be

a
+S = 0.004 Q,-

where:

s slope

A = mean freshet discharge



The mean freshet discharge on the Assiniboine

cfs. Substituting into the above equation yields a

0.0004, which is often exceeded on the Àssiniboine

rie's Rapids to the Portage Reservoir. The results
marized in Table 1.
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i s 10,200

slope of

f rom Cur-

are sum-

The effect of suspended sediment concentration on sinuos-
ity is arso evident on figure 7. High concentration reaches

have a much lower sinuosity than those reaches where the

concentrations are 1ow.



Chapter V

DÀTÀ COLLECTION

5.1 souRcE ÀND TYPE OF DATÀ

The study reach of the Àssiniboine River extends

Shellmouth Dam near RusselI, Manitoba to Water

Headingley Station, near Winnipeg.

from the

Survey' s

Flow and/or sediment data were obtained from water survey

of canada at seven staL ions: Russell, Miniota, Brandon,

Rossendale, Portage and Headingley, figure Z, A twenty year
period from 1956 to 1976 vras used for this study. previous

to 1956 sediment and flow data were not avairable at all the

stations. During the twenty year period there is a contin-
uos record of sediment data with sufficient f10w data at all
of the stations. The period also provides data before and

after the implementation of the sherrmouth Dam (1968) and

the Portage Diversion (1969). The quantity of data provided

by the twenty year study period vras sufficient to undergo

statisticar analysis at a high level of conf idence. Table 2

indicates the type of data and the period of available data

used at each of the Water Survey of Canada Stations.

26
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5.2 REOUIRED FLOW ÀND MENT PÀRÀMETERSSEDI

It was desired to study the relationship between various

sediment and hydraulic parameters at each station. This was

accomplished by computer aided analysis of sediment and flow

data obtained at the Water Survey Stations. The computer

program used for this analysis vlas written by Western Canada

Hydraulics Labs. (1978), for use in a similar study of sed-

iment transport on the Fraser River. The program is listed
in Appendix B. FIow and Sediment data were input and vari-
ous hydraulic parameters were generated by the program.

The following data were reguired for the program: chan-

neI h'idth, cross-sectional area, dischaFg€, water tempera-

ture, concentration of suspended sediment, p€rcentage of

sediment finer than 0.062 mm. (wash load), water Ievels,
mean grain diameter of suspended sediment (O5O), and the

gradation coefficient of suspended sediment(Õ).

Channel width and cross-sectional area were obtained from

Water Survey of Canada R-56 forms. Discharge, water temper-

ature, concentration of suspended sediment, and percentage

of sediment f iner than 0.062 mm. v¡ere obtained f rom Water

Survey of Canada flow and sediment year books. l"ledian grain

diameter and gradation coefficient grere then derived.
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5.3 DERIVÀTTON OF MISSTNG DATA

water survey of canada sediment Reports combine the wash

load with the suspended bed material road when risting the
particre size distribution. only the particle size distri-
bution of the suspended bed material yras required for com-

puter analysis. Therefore the wash load had to be separated

from the suspended bed material road t yielding a particle
size distribution only for suspended particles with a diame-

ter greater than 0.062 mm. The follwing proceedure was used

to seperate wash load and suspended bed load:

Example of sediment data given by l{ater Survey:

Date

Particle Size

.031 .A62 .L25 .500 1.00

(mm)

-25o

April 29 82
ApriJ- 30 73

3
0

9I
89
76

97
88

99
9l+ ]

99
97

%
Finer

For Suspended bed material only:

% Finer : l"ß) - q" (0.062)

For April JO:

97 76

loo - /" (0.062) x 100

x 100 = t'7 .5/, Finer than 1.00 rnmroo 76

94-76
100 76

x roo = 75.ú, Finer than o.5oo mm
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This procedure was then repeated for all particle sizes

greater than 0.062 mm. In the case where data repeats (ex-

ample: for Àpril 29 there is 99e" finer for both 0.500 mm

and 1.00 mm)r the larger diameter was discarded. These data

were then plotted on log-probability paper for each date re-

corded. A straight line lras approxímated through the

points. The diameter at which 50e" of the particles are fin-
er (D5O ) was then read off the plots. The gradation coef-
ficient (Ô) for the suspended bed material is then given by:

Õ= -{ë*.ffi}

with the addition of D59 and tÞ, the complete

each date of recorded data, ât each of the

studied, could then be input to the computer.

data set for

four stations

5.4 GENERATED DATA

Upon input of a complete data set, thirteen hydraulic pa-

rameters are generated by the computer in the following man-

ner:

1 . Mean Velocity = Di scharge/Cross-sectional Àrea

2. Total Suspended Sediment Load =

(Seaiment Discharge) x (Concentration of Suspended Sediment)

3. Suspended Bed Material Load =



(rotal Suspended Load) x (percent of sediment

0.062 mm)

4. Hydraulic Depth

5. glater Surface

stream)/di stance

6. Wetted Perimeter =

7. Hydraulic Radius =

eter )

12. Tractive Shear =

(Hydraulic Radius )x (water

13. Stream Power = (t'tean

30

Iarger than

= (Cross-sectional Area) /ßop width)

Slope = (Stage upstream stage down-

Top Width + Hydraulic Depth

(cross-sectional Area)/(wettea perim-

( veJ-oc i ty )

Surface Slope)x (981 0. 0)

Velocity)x (Tractive Shear )

8. Manning n = (hydraulic radius) x (slope)

9. Shear Velocity =

( (gravity) (hydraulic radius) (stope) )å

1 0 . Chezy C = (Mean veloc i ty )/Sfrear Veloc i ty
11. Froude Number =

(veloc ítv)/((depth) (sravlty¡ ¡å

At the Portage and Russerl stations the data were sepa-

rated into two groups. These groups were then used to study

'before and after' rerationships in order to assess the im-

pacts of the sherlmouth Dam (Russerl station) and the por-

tage Diversion (Portage Station).

The sÀs statisticaL package was used to run regressions

on those relationships invorving sediment discharge. These

relationships are studied in Chapter 7.



31

It was desired to model the Assiniboine River using the

MOBED (nrishnappin, 1982) l¡ath moder. MOBED is a computer-

ized flow and sediment routing model, see Chapter 8. In or-
der to use the MOBED model, bed material data and cross-sec-

tionar geometry are required at a number of sections along

the modeled reach. Since MOBED uses the Ackers-gJhite (1974)

method of sediment transport, D35 and D55 bed material par-

ticres sizes must be input. Due to the unavailability of

water Survey of canada bed materiar datar on site bed ma-

terial sampling was carried out at 24 sections along the

study reach. Fourteen cross sections lrere also surveyed

along the reach from Brandon to Holland.



Chapter VI

STÀTION SITE CHARÀCTERISTICS AND SOURCES OF
SÀMPLÏNG BIÀS

Physical features at a station may induce bias into the

flow and sediment data collected at that station. Several

assumptions are made when flow and sediment surveys are per-

formed. Àny physical feature which creates a condition

which deviates from the assumed conditions will cause flow

and sediment data to be less accurate (Tamburi, 1985).

6.1 THE IDEAL SITE

To obtain good quality data, pFimary

glven

which

r.s.o.

to the sampJ-ing site. There are a

c onc ern

number

shoul-d be

of criteria
are set by

the veloc i-
hor izontal

naL-
the

define a good site. Specific standards

(7aB)¡ from Tamburi, 1985

1. The velocities at all points are parallel to
one another and at right angles to the measuring sec-
tion.

2. The curves of the distribution of
ties are regular in the vertical and
planes on which they are measured.

3. The site shall be remote from any bend or
ural or artificial obstruction if disturbance of
flow is likely to be caused thereby.

4. Sites at which vortices, backward flow or dead
water zones tend to develop shall be avoided.

5. Measurements with converging, and more so with
diverging, flow over an oblique measuring-section
shall be avoided .o. due to systematic errors.
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The fol-lowing restrictions to ensure
sampling site are imposed by Lambie (1980):

a

a)
JJ

good

toa
unob-

1. The channeL should be straight and of uniform
cross-section and slope to ensure parallel- and non-
turbulent flow and to reduce the chance of abnormal
velocity distribution. IdeaJ.ly the length of the
reach should be at least three times the channel
width with the measuring section mid-way, but where
this is not possíble, the measuring section should be
within the downstream half of the reach. It should,
however, be remote from any natural or artificial ob-
structions on the banks or in the channel likely to
cause disturbance, distortion or reversal- of flow.

2. The depth and velocity of water at minimum
flow and the velocity and turbulence at maximum flow
should be within the limits imposed by the type of
equipment to be used.

3. The physical characteristics of the channel
should ensure a substantially consistent and stable
relationship between stage and discharge. The chan-
nel itself should be stable and there should be no
variable back water such as from tidal influences,
downstream tributaries, 1ocks, sluices, off-takes and
other structures.

4. The channel and especially the control shoutd
be free from weeds in all seasons.

5. Flows at all stages should be confined
well-defined channel or channels or within an
structed floodway having stable boundaries.

6. The site should
at all stages of flow.

be accessible at all times and

7, The orientation of the reach should be normal
to the prevailing windr particularly where the reach
is long and straight and has a flat surface slope.

8. the site should be sensitive, so that a sma1l
increase in discharge wilI produce a relatively Iarge
increase in stage.

9, The field of view of the measuring section and
the upstream reach should be clear and unobstructed.

10. À loca1 observer
vide rout,ine attendance.

should be available to pro-
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6.2 SAMPLING METHODOLOGY

DiScharge measurements are made using the velocity-area

method. À cross-section is divided into at least twenty

panels. One or two velocity measurements are taken on each

panel depending on the depth of the panel. If the panel is

2.5 feet deep or less, one velocity measurement ís taken be-

cause the current meter used would be too close to the chan-

neI bed and the water surface to yield dependable results.

In very deep channels it is not uncommon for three velocity

readings to be taken in one panel. Àn average velocity is

calculated for each pane]. This average velocity is then

multiplied by the cross-sectional area of the panel to yield

a panel discharge. The summation of these panel discharges

yields the stream's discharge.

If one velocity measurement is taken per panel, the depth

at which it is taken is at 0.6 the depth of the panel. If

two velocity measurements are taken per panel, they are tak-

en at depths of 0.20D and 0.80D where D is the total panel

depth. The average velocity (l) is then given by:

.2D * v,BDVv-
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The use of these depths produce results close to experi-
mental data and the theoretical Keulegan distribution. Keu-

legan (1938) showed that velocity is greatest at a distancé
farthest away from the boundaries of a channel. shear along

the boundaries localIy reduces the velocity to zeyo. since

the air above a stream is in effect a boundary, it also ex-

erts drag on the frorv. This results in maximum verocities
at a depth beÈween 0.05D and 0.25D. rt is assumed that the

onry velocity vector of the flow is one pararrer to the

banks and surface. f igures I & 9.

suspended sediment samples are taken usuarry by the depth

integrated method. A sampre bottle is rowered into every

fifth velocity panel, opened and moved steadily down to the

channel bed then back up to the surface. The concentration
is calcurated in parts per million for each panel. This

concentration is then multiplied by the average velocity of

the five paners used to yierd a panel suspended sediment

discharge. The summation of these panel readings produce

the streams suspended sediment discharge.

6.3 EOII I PMENT SOURCES OF ERROR

It would seem logical that the primary source of

induced by the primary equipment used, that being

current meter. The Price or Gurley meter used in

tion with the velocity-area methodology has been

North Àmerica, with little improvement, for the

error 1 s

the Price

con j unc -

used in

past 100
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years. Since the Price meter is a unidirectional current
meter, its use results in measurement of speed rather than

vel-ocity. NonparalleL velocity vectors cannot be properly

accounted for. If flow is turbulent, Price meters tend to
over-register by as much as 40eo for a horizontal obtique

flow of 45 degrees at a flow of 1.5 meters per second, Var-

ne11 and Nagler (1931). rnaccurate velocity readings would

result in inaccurate flow and sediment discharges.

Other errors coul-d be attr ibuted to t ime and human bias

as well as equipment. Top width and panel depth measure-

ments are both susceptible to error which would result in a

discharge error. since a considerable time is required to
survey a large section, flow conditions may change during

the measurement period.

6.4 REAL SITE SOURCES OF ERROR

The previously stated methodoJ.ogy would

provided that the standards for a station
6.1 are met. Often this is not the case.

yield

site

good data

in Sect ion

À Keulegan (1938) velocity distribution is assumed, âs

are paral}el flow lines in any one panel. In a natural
channel, several features are often present which distort
this distribution. IsIands, bar formations, bends, bedrock

outcroppings and tributaries will alI act to shift flow

lines. Tributaries are of particular interest. Since
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tributaries may have a different concentration of suspended

sediment than the main stream, they will have a different
density. !'rhen this dif f erence is signif icant, density cur-
rents may be present. Às a result of these physicat fea-
tures, the direction of flow in a sample vertical is not al-
l¡ays the same along the depth of the vertical as it is on

the surface. what occurs beneath the surface is usuarry not
known by the surveyor. since price current meters, which

are unidirectional, are used by water survey of canada,

shifts in the flow pattern at depth are generarry not de-

tected nor completely accounted for.

Another assumption is that the sediment load being trans-
ported through a station is in a state of dynamic eguilibri-
um. The concentration of suspended sediment is assumed to
change uniformly between sampre verticars. This is rarely
the case. Upstream tributaries and unstable bar formations
act to interrupt this equilibrium. Tributaries may intro-
duce sediment with a concentration different than that of
the main stream. This sediment may require an appreciable
distance to fully integrate with the main stream. rf meas-

urements are taken before this equilibrium is reached, there
may be pockets of relativery high concentrations. In es-
sence, what may be measured in a verticar is the concentra-
tion of the tributary and not that of the actual- main

stream. Bar formations may have material rocarly suspended

by turbulence. Measurements in verticals above unstable
bars will then yield a biased panel reading.
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rt is obvious that collecting accurate data is difficurt.
There are several areas of bias. A cl-assification of proba-

ble sources of bias at each station used in this study may

herp account for discrepancies between the corl-ected data

and theory. The following sections discuss the characteris-
tics of each station.

6.5 ÀSSINTBOINE RIVER NEAR RUSSELL (OsMEOO1)

The Russell station is located 46.1 km. downstream (river
distance) of the shellmouth Dam, figure 2. At row flow the

channel is only about 25 meters wide. Measurements are tak-
en from the old Highway #4 traffic bridge during high frow.

At low flow measurements are taken by wading 25 meters down-

stream of the bridge (refer to figure 10).

Two upstream tributaries, Conjuring Creek and Smith

Creek, enter the Àssiniboine immediately upstream of the

station. These creeks flow through the gracial ti11 depos-

its of the region and have degraded to the shale bedrock in
places. At high flows, shale particles mobilized by the

tributaries are brought into the Àssiniboine. The larger
particles drop out upon entering the main stream, forming

bars. These bars disrupt the velocity distribution, and ob-

scure the stage discharge relation when flow depth is
slightly greater than the bar height. The bars have grown

and been stabilized by wirrow since closure of the sherr-
mouth Dam, due to the reduction of flood peaks which former-



Iy removed the bars. Although the

rather straight upstream, flow must

around the shale bars just prior to
of measurement. Even at moderate

where Conjuring Creek flows around

the main channeL.
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Àssin iboine' s channel i s

negotiate an rrsrr curve

passing under the line
flow eddies are present

its shale deposit into

At low flow a very large share bar extending under the
traffic bridge splits the flow into two channels. supercri-
ticar flow occurs at the downstream end of this bar. There

are severar boulders more than 0.75 meters in diameter in
the flow downstream of the bridge. À good dear of brush in
the fl-ow even at low discharges adds to roughness at the
section. The bridge itseLf has two piers in the frow.

Às a result of the bar formations and various roughness

elements, paraller flow l-ines would not seem likeIy at this
site.

The equilibrium state of sediment transport is rocalry
interrupted by the injection of sediment from the two tribu-
taries. It would be expected that sediment concentrations
just one-ha1f kilometer upstream or downstream of this sta-
tion would be significantly different than that measured at
the station.
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6.6 ÀSSINIBOINE R]VER NEÀR MINTOTÀ (OMEOO6)

The Miniota station is located 172 kilometers downstream

of the Russel station. The station is located at the High-

way #83 traffic bridge, figure 11. Channel width at Miniota

during Iow flow is about 30 meters. Àlthough the bridge

site is on a straight section of the river, there is a sharp

bend approximately 200 meters upstream. HelicaI flow in-
duced by this bend would most likely progress downstream to
the station. The resulting velocity vectors would not be

properly measured.

The bed here is coarse sand with the occasional boulder

and the banks are covered with thick brush.

6.7 ÀSSINIBOINE RIVER NEÀR BRÀNDON (05MH013)

The Brandon station is located 216.9 kilometers down-

stream of the Miniota station. Measurements are taken from

a cable way just upstream of the Trans-Canada Highway, fig-
ure 12.

The station is located just downstream of a significant
bend. Helical flow induced by the bend would be anticipat-
ed. The Minnedosa River, a relatively major tributary en-

ters the Àssiniboine 1.7 kilometers upstream of the station.

Channel width has increased to 40 meters. Occasional

boulders are still present in the channel and the banks re-
main covered with thick brush.



The Brandon station is
Currie's Rapids. There

slope along this reach.

.0002 where as downstream

creases to .0006.
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about 20 kil-ometers upstream of

is a significant change

At the station the slope

of Currie's Rapids the

tn rlver

i s about

slope in-

À11 the stations upstream of

tively st,abIe, therefore there

sections from year to year.

Currie's Rapids

is littIe change

are

in

rela-
these

6.8 ASSINIBOINE RIVER NEÀR HOLLAND (0sMH00s)

The Holland station is located at the Highway #34 bridge,
198 kilometers downstream of the Brandon station, figure 13.

At Horrand the channer width has increased to about 80 me-

ters at low flow. The bed is mostly sand, however, there

are still several boulders strewn along the bed. A gravel

bed is evident downstream.

Àt low discharges, flow becomes supercritical as it drops

over a gravel ledge downstream of the bridge. water levels
taken by a wire-weight gauge on the downstream side of the

bridge would be significantJ"y less than those taken by a

differential pressure transducer system upstream.

visuar dark bands in the flow are characteristic of Àrlen

cells. Àlong with the helical flow, eddies are present on

the south side of t,he channel, upstream of the bridge, pro-

ducing upstream velocities.
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The bridge, used for the measurements is at an angre of
67 degrees to the ftow¡ significantly less than the 90 de-

grees required for a line of measure by ISo 749. The bridge
has six piers in the flow around which massive boulders have

been placed as scour protection.

The cypress River enters the Assiniboine 1.9 kirometers

upstream of the Horland station. sediment deposited by the

cypress River has resulted in the formation of several_ bars

and islands in the Assiniboine. Â stream of sediment could
be seen, in air photos taken during high frow, trairing off
the downstream end of I srand "À" , f igure ',l3. A signi f icant
misrepresentation would result in suspended sediment concen-

trations if depth integrating were carried out in the panel

through which this streamer passes. Adjacent panels appear

to have a much lower concentratíon.

The numerous bars at this station location wourd result
in increased turbulence. This increased turbulence wourd

1oca1ly suspend additionar particles, increasing the meas-

ured suspended sediment concentration.

6.9 ÀSSINIBOINE RIVER AT ROSSENDÀLE (OsMJOO5)

The Rossendare station is located 42.z kilometers down-

stream of the Horrand station, figure 14. Measurements are

taken from the provincial- road #242 traffic bridge. The

freguency of bar formations is reduced considerably along
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the reach from Holland to the Rossendare station. Rossen-

dale is located at the eastern edge of the old Assiniboine's
delta. sand banks, some 15 meters high have proven to be

unstabre. sedirnent from the failing banks considerably bi-
ased suspended sediment samples. This resulted in the clo-
sure of Rossendale as a sediment station.

Flow upstream must negotiate a sJ.ight bend before passing

beneath the traffic bridge. poorly developed helical frow

would be expected at the station during high f1ows.

6.10 ÀSSINIBoINE RIVER ÀT PORTÀGE LA PRAI RI E ( 0sMJ003 )

The Portage station is Jocated at the R.c.A.F. roadway

bridge , 61.7 kilometers downstream of the Rossendare sta-
tion. Àfter November 1962 a cabreway, 2.1 kilometers down-

stream of the bridger wâs used for measurements. The new

station is located 5.6 kilometers downstream of the portage

Reservoir Dam.

The channel maintains its 80 meter width at low flow

through the Portage station. The stream has a sand bed with
moderately steep sand banks. Rip Rap is present on the

south bank. There is extensive isrand and bar formation

along this stretch of river.

At the station located at the bridge prior to November

1962 (f igure 15), f low is braided by island group ,,À,,. Hel-
icar flow would take prace around the upstream bend and
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r¡ould be expected to progress downstream to the station.
Flow then encounters i sland rrBrr immediately upstream of the

station. Isrand .Btr bifurcates the flow which converges

again at the bridge. I sland trcrr downstream of the bridge
would bifurcate the flow again. This wourd create a very

compricated flow pattern which courd not be accurately meas-

ured by a unidirectional current meter.

Àt the cableway station, bar formations are stiII pres-

ent, however, the impact on the flow conditions is noL as

severe as that upstream, figure 16. There are rarge rocks

throughout the cross-section. The south bank is near verti-
caL and slumping is evident. The bank material is typical
alluvial silt and clay with embedded sand. There is a dike
system constructed along the north bank. A stub dike acts
to contain the frow to the measurement cross-section. Brush

becomes thicker up the banks, with trees on a terrace at the

north side of the channel. À large point bar is evident on

the north side, the result of an upstream bend.

Due to the steep south bank, hydraulic radius would in-
crease greatly with discharge. Resistance due to vegetation
would also increase rapidly with discharge.

There are two obvious sources of error at this station.
The cableway is located at an angle of 75 degrees to the

flow. As is the case at Holland this is significantly ress

than the 90 degrees required by rso 748. combined with the
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helical flow at high discharges the non-perpendicular line
of measure would bias velocity measurements .to the high

side. Bias would also be induced by the slumping south

bank. Suspended sediment concentration would be misrepre-

sented due to the heavy concentrations caused by the s1ump.

6.11 ÀSSINIBOINE RIVER ÀT HEÀD]NGLEY ( 0sMJ001 )

The Headingley station is located 128.2 kilometers down-

stream of the Portage station and 25.9 kilometers upstream

of the Àssiniboine's mouth. Measurements are taken from a

cableway 100 meters downstream of Provincial Road #241 traf-
fic bridge. Measurements prior to 1961 vrere taken from the

traf f ic br idge , f igure 17 .

The channel has a width of 105 meters at Low flow. There

is much rock in the channel, covered by transient sand. The

banks are composed of silt and clay with occasional rock em-

bedded. There is a distinctive terrace at about 7 meters

above low flow surface level. Trees cover the terrace while

brush occupies the banks below the terrace

There is a railroad bridge 200 meters upstream of the

traffic bridge. Over time an island has formed around the

center pier. Streamers of sediment flow off the downstream

end of this island as far as the traffic bridge. Àgain a

biased measurement of suspended sediment concent,ration may

result if a sample is taken in this streamer.
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Headingley is probabry the most stabre station on the Às-

siniboine.

6.12 STÀTION SITE SUMMÀRY

site anomalies exist at every station at varying degrees.
Table 2 provides a summary of station characterisLics. rt
wourd be impossible to eriminate the physicar infruence of
the channer on flow and sediment measurements although in
some cases, it may be possible to reduce the effects through
minor program modifications, (Tamburi, 1 995) .

I^rhile site physical impacts often
the raw dat,a, the quality of the data

organization procedures of the Water

deserves high merit.

degrade the quality of

collection program and

Survey of Canada Staff



Chapter VI I

ÀNALYSIS OF STÀTION DÀTÀ

7.1 VARIABLES STUDIED

variable rerationships were studied in detail at three
sediment stations and one flow station. Headingtey, portage

Ia Prairie, and Horrand were alr used to analyze flow and

sediment data rerationships. since sediment data is not
taken at the Russell station, only flow parameters were

studied there.

The data set at the portage station was split into tv¡o

groups: Before 1969 and after 1969 so that the impacts of
the Portage Diversion courd be studied. The data set at the
Russell station hras arso sprit into two groups: Before 1969

and after 1968r so that the impacts of the shelrmouth Dam

courd be assessed. Finalry, the data set from the Ho]land

station were seperated into estimated and non-estimated
data, in order to assess the quarity of estimated data. A

discussion of the preceeding three studies folrows as does a

discussion of variable relationships at each station.

For the three sediment stations, a rarge number of hy-
draulic and sediment variables were plotted.

47
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Velocity, width, area, depth, slope, Chezy's C, Froude

number, tractive shear, stream power, shear velocity, sus-

pended sediment discharge, suspended bed material dischaFge,

medium suspended bed material grain size, and gradation

coefficient of suspended bed material were arr plotted
aga inst di scharge .

Veloc ity, depth, s1ope, Chezy's C, Froude number, trac-
tive shear, stream power, shear velocity, and temperature

were all plotted against suspended sediment discharge, sus-

pended bed material discharge, median grain size of suspend-

ed bed material and the gradation coefficient of the sus-

pended bed material.

7.2 INVERSE SLOPE VS. DISCHÀRGE RELÀTIONSHTP

While most relationships were typical and expectable, one

rather unorthodox relationship occurred. Àt the upper three

stations, RusseII, Holland and Portage, water surface slope

vras found to decrease as discharge increased, figure 18.

Hydraulically this does not seem logical since more energy

is required to convey an increasing discharge through a giv-
en section. Therefore the water surface or energy s1ope,

should increase with discharge. However this was not the

case. Field trips were made to each of the stations where

this phenomena occurred. Physical inspection of the sta-
tions reveaLs that there is a greater amount of upper bank

brush at the downstream station in each reach. Therefore
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arthough the water l-evel rises upst.ream with an increasing
flow, there is a more rapid rise in water revers downstream

due to the increased roughness. It can be shown from Man-

ning's equation that if discharge and roughness simurtane-
ously increase, the water surface srope may decrease. This
is this most likely cause of the inverse slope-discharge re-
lationship.

Another concern was the length of the reach that was used

to obtain the water suface slope at a station. The rocal
slope along the reach between two stations may change sever-
al times within the reach. The srope used between two sta-
tions is the average slope not the local slope at that sta-
tion. rt woul-d therefore be advantageous to install two

water level recorders a few hundred meters apart at each

station in order t.o obtain local slopes, as the Iocal sJ_ope

supplies the energy to transport sediment through a st.ation
and not the average reach srope. Differential pressure

transducers lend themselves to automatic data acguisition of
locaI slopes.

7.3 VARIÀBLE RELÀTIONSHIPS AT RUSSELL ( 0sMEo01 )

since slope vs. discharge is an inverse relationship at
Russerr (figure 19), any relationship with slope as one of
the variables wirl also be inverse to any expected function.



50

Velocity, width, area, depth, tractive shear, stream
power, and shear verocity were arr found to be power func-
tions increasing with discharge. figures 20 to 26.

Às previousry discussed in section 6.5, there are tl¡o
very prominent shale and cobble bars at the Russe1l station.
During spring run-off, Conjuring Creek and Smith Creek con-
tinue to deposit graver and share in the section. since the
closure of the shellmouth Dam, flows have not been large
enough to wash away these deposits of shale. Às a result
they continue to grow. Flow in the Àssiniboine encounters
these bars when discharge is about 25 to 30 cms.

The presence of the bars is clear on alr the variable
pJ-ots. Perhaps the most evident is the relationship between

chezy's c and discharge. The rerationship is basically a

povrer function with a 'blow out' at 20 to 30 cms. Roughness

increases steadily with discharge up to zo cms. when the
shale bars are encountered at 20 cms, the roughness increas-
es rapidly. At 40 cms, when frow over the bars is substan-
tiaL, roughness then decreases to a constant channer rough-
ness of C=55. (figure 27).

For the relationship between verocity and discharg€, ve-
locity aLso increases rapidry when flow is present over the
bars. 9.rhen the depth increases over the bars, the velocity
falls off (figure 201.
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The rerationship between top width and discharge (figure
211 indicates a width of 33 meters for a variety of dis-
charges. This may be the resurt of inconsistency between

observers in dearing with the bars. This inconsistency is
also reflected in the area vs. discharge relationship.
( f igure 22) .

For discharges between 10 and 30

remain constant while width increases

fLow is established over the shale

creases (figure 23).

The relationshíp between Froude

shows that flow becomes supercritical
between discharges of 20 to 30 cms,

creases to a constant of 0.24 (figure

cms.

with

bars,

depth appears to

di scharge. Once

depth again in-

number

over

and

the

Froude

di scharge

shale bars

number de-the

28).

shear velocity, tractive shear, and stream povrer arl in-
crease when flow depths over the bars are smarl, then de-
crease before increasing again with discharge (figures 24 to
26) .

7.4 VARIÀBLE RELÀTIONSHIPS ÀT HOLLÀND ( 0 0 0s)

At the Holland station, slope vs. discharge (figure zg)

is an inverse relationship, therefore any relationship with
srope as one of the variabres wilr also be inverse to the
expected function.
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loc i ty all 1 inearly increase wi th di scharg€,

34.

9raln slze

increasing
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and shear ve-

figures 30 to

of suspended bed

wi th di scharge,

Velocity, width, and median

material are all power functions

f igures 35 to 37.

one interesting rerationship is that of gradation coeffi-
cient vs. discharge. The gradation coefficient decreases

exponentiarry with increasing discharge. This would indi-
cate that as the discharge increases and more sediment is in

transport, that sediment becomes more uniform in its size
distribution. (figure 38). This may refÌect the uniform

nature of the deltaic sand deposited throughout the Horrand

region of spruce woods Provincial Park t as it overwhelms

smarr amounts of coarser tilL derived sediment at higher
di scha rges .

The rerationship between Froude number and discharge in-
dicates that the Froude number decreases exponentially with
discharge. This wourd be expected since depth increases

with discharge (f igure 39).

Roughness is shown to remain almost constant throughout

the range of discharges plotted on figure 40, in the rela-
tionship chezy vs. discharge. This is the result of veloci-
ty increasing more rapidly than shear velocity as discharge

increases, due to the channel geometry.



Table 3 lists the equations derived
those relationships involving suspended

(QS) and suspended bed material discharge

to 58.
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by regression for
sediment discharge
(QSgt{), figures 41

For the rerationships involving esBM the estimated data
was eliminated from the data set. rf estimated data were

included only two relationships wourd result lrith a confi-
dence of 95e". This wilr further be discussed in section
7.10.

For the reÌationships invorving es, the estimated data
were left in the data set since there was a wider range of
sediment loads, thus a better defined relationship. Five
relationships vrere signif icant at the 95eo conf idence lever.

The equations derived are be expected to be unique for
the particular st,ation studied. Each station has varying
physicar characteristic which woul-d resuLt in different
equations. some strong simirarities wirr, however, persist
between equations from various stations. This witl be dis-
cussed in Section 7.8.

7.5 VARIABLE RELÀTIONSHIPS ÀT PORTAGE BEFORE 1969
0 003

At Portage, both before and after 1969, slope again
inversery rerat,ed to discharge, figure s9. Therefore,
relationship with slope as one of the variables wilr arso
inverse to the expected function.

1S

any

be
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Velocity, area, depth, tractive shear and shear velocity
are power functions increasing with dischaFge, figures 60 to
64. width and stream power are linearry proportional to dis-
charge, figures 65 & 66.

chezy's c (figure 67) and Froude number (figure 68) both

asymptomically decrease with increasing discharge to con-

stant values of c=34 and Froude number =0.20. These varues

are also characteristic of this particurar section. Median

grain size of suspended sediment (figure 69) increases

srightly while gradation coefficient ( figure 7o) decreases

srightly with increasing discharg€, as is the case at Hol-
land.

Table 4 lists the equations derived by regression for
those rerationships involing suspended sediment discharge
(as) and suspended bed materiar discharge (esgM), figures 71

to 88.

7.6 VARTABLE RELÀTIONSHTPS ÀT PORTÀGE AFTER 1969 ( 0sMJ003 )

Those power

velocity, h'idth,

locity, (figures

with discharge,

functions increasing with discharge include

area, depth, tractive shear, and shear ve-

90 to 95 ) . Stream povrer l inearly increases

f igure 96.

Àfter 1969 median grain size of suspended bed material
appears to remain constant with discharge (figure 97), while
the gradation coefficient increases, figure 98. This is op-
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posite of those relationships before 1969. This would prob-
ably be a result of the construction of the portage Reser-

voir Dam. The Reservoir wourd act to firter out any large
particres. Às discharge increases there are no additional
large particres to transport. There is a peak in D5g at a

discharge of 350 cms. This may be the resurt of flow mobi-

rizing the coarse sand of upstream bars and islands. once

this material is mobilized an increase in flow no ronger
furthers an increase in grain size.

chezy's c (figure 99) and Froude (figure 100) number are
again closely related. Both val-ues asymptomicarry decrease
with an increase in discharge to constant values of c=4g and

F=0.20. The constant varue of Froude number did not change

from before 1969, however, the channel roughness appears to
have increased.

Tabre 5 lists the equations derived by regression for
those variabres involving suspended sediment discharge (es)

and suspended bed material discharge (esgM), figures 101 to
1 19.

7.7 VÀRIÀBLE RELÀTIONSHIPS AT HEADINGLEY (OsMJOO1 )

The Headingrey station is the onry station on the Assini-
boine where slope increases with discharge, (figure 119).
There is considerable scatter to the plot, however, the re-
lat ionship i s ident i f iable. Às a result , slope arso in-
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creases v¡ith suspended bed material discharge and total sus-
pended sediment discharge.

The reach used

from the Portage

channel through

history, flowing

to def ine

station to

this reach is
along glacial

the slope at Headingley 1S tha L

Thethe Headingley stat ion.

the most stable over

Lake Aggasiz's bed.

rec en t

Due to

tionships
the stability of the

studied are all very

Headingley station, the rela-
wel-1 def ined.

Those polrer f unct ions

velocity, width, area,

t,ractive shear and shear

increasing with discharge include:
depth, roughness, Froude number,

velocity, f igures 120 to 1.27.

Stream povrer vs. discharge again

relationship, which is the case at
with the exception of Russell, figure

Median grain size of suspended

with discharge (figure 129) , while
shows much scatter, figure 130.

bed material increases

gradation coefficient

proved to be

all upstream

128 .

a linear

stat ions

Table 6 lists the equations derived by regression for
those relationships involving suspended sedidment discharge
(QS) and suspended bed material (esgM), figures 131 to 14g.
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7.8 SUMMARY OF VARIÀBLE RELÀTIONSHTPS

velocity, width, area, depth, tractive shear, and shear

velocity all are power tunctions increasing with discharge.
In some cases, such as at Holland, these functions may take
on a linear form, depending very much on the geometry of the
cross-section at the sLation.

From Leopold, Wolman &

channel increasing discharge

width (w), mean depth (d),

crease as power functions:

MiIler (1964):

at a given cross

and mean velocity

for a natural

sect ion, the

(v), all in-

^bw=a9

where a, c, k,

d=cef

b, f ,

v=ket

and m are numerical coefficients.

station, the following relationships

These coefficients are unique to each station. since
wxd=À and wxdxv=e, then:

aQbxcQf xkgn=O

At the Russell

derived:

18.20 9.209

were

Yl=

d .256 Q.416

v= .213 Q.376

where:

0.209 + 0.416 + 0.376 1.001
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(18.20)(.2s6)(.213) 0.9924

At the HoLland station, the forLowing rerationships
derived:

w= 12 .02 o .396

d 0.1 3Z 9'489

were

v = 0.635 Q'115

Àt the

tionships

where:

0.396 + 0.489 + 0.115 1 .000

(12.02) (0 .132) ( 0.63s ) 1 .008

Portage station before 1969, the following rela-
were derived:

G7 .st 9.067w=

d .058 g,69t

v= 0.257 a
,257

where:

0.067 + 0.691 + 0.241 0. 999

(67.s1)(.0s8)(0.257) 1 .006

Àt the Portage station after 1969 the forlowing relation-
ships vrere derived:

w= 58.88 O'09



d = 0.0881 e'. 6tz

0.192 Q.299v=

(QS)

( 1 962)
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and dis-
shows a

where:

0.090 + 0,612 + 0.299 = 1.001

(58.88)(0.088) (0.192) = 0.99s

Àt the Headingley station the forlowing rerationships
were derived:

w = 66.30 e'101

d = 0.1 s6 e '517

v = 0.099 g" ,378

where:

0.10'1 + 0.517 + 0.378 = 0.996

(66.30)(0.1s6)(0.099) = 1.024

rt is evident from the previous equations that width,
depth, velocity, and discharge forlow those relationships
derived by Leopold and Maddock (19S3).

The relationship between suspended 1oad

charge (0) derived by Leopold and Langbein

poYrer f unction:

QS = pQJ
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(where p & j'are constants) The above rerationship is
also unique for a given cross-section since roughness and

slope pray an important rore in predicting sediment dis-
charge. At all four sediment stations analyzed ¡ ã power

function of the above form was found to be the 'best-fit'
relationship.

Leopold and Langhein (1962) aLso state that the
sitive variable rerating to sediment transport
power (Po), since it relates slope with velocity
as follows:

most sen-

i s stream

and depth

Po PRSV

where:

p= specific weight of water

R Hydraulic Radius

\/ = mean velocity

Those variables which best predict sediment transport are
velocity, depth, sIope, and roughness. The following rela_
tionship was derived by Leopord and Langerbein (1962) 

¿

(vo)o'5-u1'5
L

ll'
c d
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where: C = sediment transport

= velocity

= slope

= depth

= manning's roughness factor

stream power consistently yierds weJl defined relation-
ships with total suspended load (AS) and bed materiar load
(Qsg!'f) at all the sediment station, analyzed. Murtivariate
regression was carried out at the Holland and portage sta-
tions in order to define the besL predictive equation for
bed materiar discharge. The result vras a one variable model

rerating power to bed material discharge. The second best
equation was a power function relating velocity to dis-
charge.

Alr the equations involving totar road and bed load are
of simirar form among the stations analyzed. The coeffi-
cients and exponents change for each equation at the various
stations since each rerationship is unique to that station.

s

d

n
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7.9 ACKERS-WHITE ÀND COLBY COMPÀRISON

The Ackers-white (1973) sediment transport function and

the colby (1964) method were used to compare measured sedi-
ment transport rates to predicted varues. Four sets of data
were used from the following water survey of canada sta-
tions: Holland, portage before 1969, portage after 1969,

and Headingley.

The water survey of canada measured values for sediment
load do not include bed load but incl-ude wash road. wash

road was eliminated from the measured varues by murtiplying
by the percentage of suspended material larger than 0.062
mm. No correction was made for the absence of bed road,
hence, the measured values should be increased by some smarl
percentage since the colby and Ackers-white methods both in-
clude bed load.

The comparison was carried out for a range of five dis-
charges at each station. The results are summarized in Ta-
ble 7. Both Àckers-white and corby predict higher loads
than those recorded by water survey of canada. The average

difference for both functions is about one to two times the
measured values. colby generaJ. j.y predicts sediment trans-
port rates slightly higher than Àckers-White.

These results would indicate that the Assiniboine is arm-

oured along much of its reach as previously discussed in
section 4.2. sediment depretion was evident from inspection
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of the river. The high values of sediment discharge pre-
dicted by both the Ackers-white and colby methods, confirms
the theory that the Assiniboine is not a fully arluvial
channel, rather it is controlred very much by the j_ocal ge-

ology.

7.10 ESTTMATED VS. MEÀSURED DÀTA

In an attempt to save time, money and effort, a method of
estimating suspended sediment concentrations with just one

depth integrated sampre is sometimes used by water survey of
canada and other organízations. This method is known as K-

factor sampling. To obtain a K-factor sampre, instead of
sampling at every fifth vertical, sampling is done at one

vertical of a section and adjusted using a pre-determined
coefficient to yield a varue representative of the average

concentration of the stream. The coefficient is determined
by colrecting singre depth integrated sample data for a

range of discharges and using regression statistics with the
measured data, taken from multiple verticars, held as the
dependent variable. The coefficient varies with discharge
and with the panel serected. The single panel giving the
highest correration with the average concentration is then

used for K-factor sampring. The coefficient is defined as

cv/cA for any single panel, where cv is the sample vertical
concentration and cÀ is the average concentration across the
section.
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In a 1979 report by Inland waters Directorate titled
'Distribution of suspended sediment concentrations at rwo

stream stations in Manitoba', it is shown that K-factor data
at the Headingley station on the Assiniboine, and the st.
Àgathe station on the Red River does not exceed a 4eo differ-
ence from measured data under good conditions. These two

stations approach more ideal conditions than any of the re-
maining stations on the Àssiniboine River. K-factor sam-

pling is carried out at the Holland station, at which sedi-
ment moves in any state but steady. In a situation such as

that at Holland, it is virtualry impossible to obtain a sin-
gle representative sample. upstream landslides create huge

sand waves which propagate downstream to Holland in pulses,
requiring days t.o pass. The cypress River and numerous

springs wash in sediment a few hundred meLers upstream of
the station in discrete events. sediment then does not move

past the station or through any one paner in an equilibrium
state. rn a case such as this good measured data is diffi-
cult enough to obtain. Good K-factor data is impossibre.

In a statistical comparison between K-factor data and

measured data, regressions vrere run holding suspended bed

materiar discharge as the dependent variable on Froude num-

ber, Manning's n, velocity, discharge, shear verocity, trac-
tive shear, mean depth and stream povrer. In alr cases stud-
ied the measured data yierd welr defined relationships with
R-squared values varying from a row of 0.65 to a high of
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0.93. K-factor data recorded a highest R-squared value of
0.57, but only 2 K-factor rerationships were significant at
the 9Seo confidence 1eve1. rnterestingly enough, the best
defined relationship for the measured data, suspended bed

material discharge versus velocity, with an R-squared of
0.93r wâs not even significant for the K-factor data. The

resurts of the comparison are summarized in Tabre g.

combination of measured data with K-factor data yields
relationships which are much worse than those generated by

measured data afone. rt would be reasonable to excl_ude any

K-factor data from further study. À simirar problem r{as en-
countered by Tamburi (1978) in studying sediment transport
on the lower Fraser River. K-factor data ¡ras therefore ex-
cruded from use in that study. rn a simirar study by Man-

nerstrom and Mclean (1985), the inclusion of est.imated data
led to poorly defined relationships.

À plot of sJ.ope versus discharge at the Horland station
(f igure 149) indicates two totalry different rerationships
for stage-discharge and measured data. The measured data
yields the inverse slope-discharge relationship characteris-
tic of Russell, Holland and portage. The stage-discharge
data indicates a proportional rerationship having a regres-
sion line with a positive slope. The two regression rines
intersect at nearry right angles. This indicates that the
estimate for discharge is worse than the estimate for sus-
pended sediment concentration.
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The question should then be asked if K-factor data is re-
a]ly worth while obtaining at all. Àt this point it should

be noted that the station previousry discussed is far from

ideal. At more stable reaches of some streams it has been

shown that K-factor data courd be within Aeo of measured val-
ues (tnland waters 1g7g). The station shouLd first be stud-
ied in some detair before K-factor sampling is permitted.
r.f K-factor sampling is carried out, the coefficients being

used should be revised annually.

7.11 EFF CTS OF THE PORTAGE DIVERSION

rn 1969 construction was completed on the Àssiniboine
River Diversion works. The diversion is located 5.5 kilo-
meters upstream from the Portage station. The folrowing is
a Prairie Farm Rehabilitation (prna) description of the
works from a public brochure (1968) :

"À reservoir covering 1,610 acres with a storage
capacity of 14,600 acre-feet is being created by theconstruction of an earthfill dam 1,400 feet long, andrising 35 feet above the bed of the Àssiniboinõ Riv-
er. À concrete spillway control structure equippedwith two Bascule f ish-belIy type gates, '13 f eef Uy- ZS
feet in size, is located on the south side of thedam. These gates are the J-argest of their type in
North America.

À1so located in this structure is a Low-Ievelgate-controlled riparian outlet conduit. North and
west of the dam at the upper end of the diversion
channel r ân inlet control structure regulated theflow to Lake Manitoba. This is accomplished by the
use of four vertical Iift gates each measuring 14 1/2
feet by 40 feet. The diversion channel is ãesignãa
to carry a flow of up to 25,000 cubic feet per sec-
ond.
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Às the Portage Diversion is an unlined channer, ityas necessary to construct it in such a v¡ay as tokeep_water veLocities below those which *ould causeerosion. when the diversion reservoir is full, theiã
i" u drop of 50 feet between the diversion channeiinlet and the level of Lake Manitoba, over a rel_a-tively short distance of 1B miles. To keep veloci-ties down to about- 3 112 feet per second, tñreã-å;;pstructures along the diversion route are incorporateäinto the design. The channer has widths varyiñg ¡;;;175 feet to 1,200 feet, with an average wiaih õt 600feet. _.The greater width is through [r,e Derta Marsharea adjacent to the lake. Dykeã have been built
aJ-ong the entire rength of the éhannel using much ;¡the 1 0, 000 ,000 cubic yards of excavated ¡iater ial .Thg design depth of water above the surrounding ter-rain- will generally be equal to the ground wateí 1",r-er when the channel is operating at õeak discharg"."

sediment data were recorded before and after the diver-
sion was operational. These data were separated into two
groups: Before 1969 and after 1969. various relationships
erere studied rerating suspended bed material discharge to
discharge, velocity, depth, stream power, shear verocity,
and tractive shear. The resui-ts of the before and after
comparison of these rerationships are summarized in Tabre

9. Àn F-test was carried out at the 99eo confidence revel
to detect any significant change in any rerationship after
the construction of the diversion works. rt was discovered
that any rerationship involving the parameter 'depth' did
change significantly. This would seem reasonable since
degradation would be anticipated downstream of the dam.

The two rerationships which did not change were those
containing the parameters 'verocity' and 'discharg€'. This
wourd arso seem reasonabre if the channel section has
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changed hydraulic radius and roughness to compensate for a

reduction in slope.

7.12 EFFECTS OF THE SHELLMOUTH DÀM

The Shellmouth Dam, completed in 1969 is a 1280 meter

long, 20 meter high, earth fi11 dam. cLosure ofthe dam cre-
ated a 5.5 kilometer long reservoir with an area of 'l S,200

acres and a storage capacity of 387,000 acre-feet. The

spillway has a capacity of 1500 cms. The dam acts to reduce

flood peaks and has increased the minimum flow from o.z cms

to 8.5 cms.

The water survey station near Russell was used to assess

the impacts of the Shellmouth Dam.

The Russell station is rocated 46.1 kilometers downstream

(river distance) of the dam.

one obvious resurt of the closure of the shel.lmouth Dam

is the growth of the two shale bars at the Russelr station,
discussed in section 6.5. since flood peaks are reduced by

the storage action of the reservoir, high discharges are no

ronger adequate to flush the Àssiniboine's channeL of the

sediment deposited by tributaries. The resurt is the con-

tinual growth of bars in the channel downstream of the dam.

over time these bars become stabitized by vegetation and

greatry increase the roughness of the channel, rowering its
capacity. The effect of these bars on the various hydrauric
parameter relationships are discussed in Section 7.3.
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À prot of slope vs. di scharge at Russelr, f igure 1 50,

shows that slope is stratified by year. The year of data
taken is coded with a Letter from À to I. Àrl the data re-
corded before 1969 are labelred 'À'. Data taken in 1g7o is
labelled 'c'. Data taken in 1971 is raberled 'D', etc. up

to 1976 which is laberred 'I'. From figure 150, generally
the more recent data has a mirder slope, ât a given dis-
charge, than earlier data. This indicates that degradation
has been steadily increasing since cl-osure of the dam. This
would be expected since the sediment depleted flow, down-

stream of the dam, tries to reach equiribrium again by de-
grading its bed, complying with Lane's theory (1955).



Chapter VIII
MOBED STATION TO STÀTION ANÀLYSIS

8.1 MOBED MODEL

station to station sediment dynamics were assessed by use

of the MOBED model. The MOBED model was written by B. G.

Krishnappen (1978) for the canada centre for rnrand vJaters.

MOBED is a coupled water and sediment routing moder. It is
used to predict the unsteady flow characteristics in mobile

boundary channel f1ows.

The moder uses a double sweep finite difference method to
solve three partiar differential equations for sediment con-
tinuity, fLow continuity, and the momentum equation. sedi-
ment transport is calculated by use of the Ackers-white sed-

iment transport function. The frictional srope, used in the
momentum eguation is calculated by using the friction factor
relations of Kishi and Kuroki.

8.2 HYPOTHESIS

From the geomorphic study, it appears that the Assini-
boine River is prevented from degrading upstream of Brandon

by the armor at currie's Rapids. In order to test this hy-
pothesis, it was desired to moder the river as a totalty
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sand bed stream. If the moder predicts degradation at cur-
rie's Rapids, arong with degradation at other points of arm-

ouring, then it courd safely be concruded that the Àssini-
boine is not in an equiribrium state but rather is'held up'

by currie's Rapids. rt was arso desired to estimate the
time required to reach equilibrium if armour were not pres-
ent.

8.3 MODELLTNG PROCEDURE

The reach of river modelled using MOBED was that from the
I,later survey station near Brandon to the portage Reservoir,
a distance of about 300 kirometers. The reach was broken

down into 24 sections of equal length, yierding zs grid
points. The bottom elevation and initial flow depth were

input for each of the 25 grid points, figures '151 to 164.

The cross-sectional geometry at each grid point was obtained
by using the nearest of 15 actuaL cross-sectional surveys.
The downstream water surface erevatoin (at the portage Res-

ervoir) was fixed.

A mean annual flood flow of 300 cms yras used as a con-
stant discharge. À time step of two days was used and the
model was run for an equivalent period of two years, about

500 years real time. Àppendix c rists the input and output
from the modeI.
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8.4 MOBED RESULTS

The MOBED model predicted substantial degradation at the

Brandon station with resulting aggradation at the Portage

Reservoir. Degradation of 14 meters was predicted by MOBED

at Brandon after a period of two years, figure 165.

Four reference points along the Assiniboine's profile

were used to study the change in bed elevation predicLed by

MOBED. The reference points were Located at the upstream

boundary, and 100, 200 and 300 kilometers downstream of the

upstream boundary, respectively, labelled Range 00.00 to

300.00.

At the upstream boundary (Brandon) ttre fotlowing equation

ïras derived:

bed elevation (m) = 389 (days)-0'01o55

with an R-squared of 0.952

At 100,000 modeLled days, degradation of 34 meters is
predicted. The finaL bed elevation is at 344 (m). 100,000

modelled days is approximately equal to 10000 years reaÌ

time.

Degradation is
equilibrium state

rapid at first then slowly decrease to the

over time, figure 166.

Àt Range 100.00,100 km.

evations rise for about 50

from the upper boundary, bed el-

days before decreasing. This
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vrourd appear to be the result of a transient sediment purse

moving through the range. The pulse ¡¡ould be generated by

rapid degradation upstream, figures 167 & 168.

At.

km.

dent.

Leve I s

Range 200.00, 200 km. from the upper boundary and 100

upstream of the Portage Reservoir aggradation is evi-
The aggradation begins gradually

off to an equilibrium elevation of

after 40 days

315.8 meters,

169 .

then

0.8

meters above the initial elevation, figure

Àt Range 300.00, at the Port.age Reservoir, aggradation is
rapid for the first 75 days then drops off steadily to the

equiribrium elevation. Àggradation of 0.8 meters is evident
after two modelled years, figure 170.

Àt the downstream boundary (Portage Reservoir), the for-
lowing equation was derived:

bed elevation (m) = 2B2.zz7 (days)0'0004088

with an R-sguared of 0.988

Àt 100,000 modelled days the final bed elevation is at
283.56 meters, nearry the same as that after the modelred

two years.
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8.5 MOBED SUMMÀRY

The change in bed erevations thrcughout the modetred
reach were those to be expected if the initial hypothesis
l¡ere correct. It would then be safe to conclude that the
Assiniboine River is prevented from upstream degradation by

the armour of currie's Rapids. This wourd also confirm the
sediment depletion of the stream.



1. The

of sediment

capac i ty .

Àssiniboine

transport.

Chapter IX

CONCLUSI ONS

River is not

Sediment is
Ín an equilibrium
being transported

state

under

2. The stream is armoured along much of its reach re-
sulting in a temporary slope equilibrium.

3. Degradation is prevented from progressing upstream
of Brandon by the presence of Currie's Rapids.

4. If the

14 meters would

stream were totally alluvial, degradation of
occured at Brandon.have already

5. The stream is depleted of sediment

stable meandering pattern. If the sediment

the stream would shift to a braided form.

resuLting in a

load increased

water

sand

6.

spr i ngs

waves.

7.

st ream,

sh ip.

Sediment is contributed by Iandslidesr ground

and cut-offs and is transported in pulses or

Roughness

resuÌt ing

lncreases as the stream progresses down_

in an inverse slope-discharge relation-
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Wolman,

data.

o

fol lows

The

&

The

that

theoretical discharge relationships
MiIler (196a) are verified by rhe

76

of Leopold,

Àssiniboine

relationship between sinuosity and valIey slope

of Schumm and Khan (1973).

10. The Àssiniboine is close
stream along the reach from Holland

to becoming a braided

to Portage.

11. As the result of the construction of the

Diversion and the Shellmouth dam, downstream

changed signi f icantly.

Àssiniboine

regime has

12. K-factor estimates for suspended sediment concentra-
tions and stage-discharge estimates are substantiarly in-
ferior to measured values at the stations investigated.



1.

station

Chapter X

RECOMMENDATI ONS

The use of K-factor data must be re-evaluated on a

by station basis.

2. Water Survey of Canada station sites
lected with reduction of non-idea1 physical
measured data being a priority.

should be se-

influences on

3. sediment transport on the Assiniboine does not take
prace in a steady state. sand waves propagate as puJ-ses.

sediment sampling shourd be carried out in repetitions dur-
ing the passing of several of these lravesr oF at rnultiple
sections over a seguence of waves.
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Appendix À

PÀRAMETER DEFINITIONS

Mean Velocity, V

Mean

at that

velocity is the average flow velocity past a station
instant of measure. (m/s)

Top width, w

Top

to its
i^f idth i s

banks at

the width across the channel perpendicular

the Jeve1 of f low. (m)

Hydraulic Depth, D

Hydraulic depth is the mean depth of flow at a station,
at that instant of measure. (m)

Cross-Sectional Area, À

Cross-sectional area

section of measure. (*2
is the area of flow at the cross-
)

Instantaneous Discharge, O
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Instantaneous discharge

at that instant of measure,

Q = vA (n3/sec)

is the discharge

where:

82

of the channel

Water Temperature, T

In degrees Celcius, (oC).

Slope, S

slope is the water surface slope at a station, at that
instant of measure.

Chezy's C

C is Chezy's resistance coefficient. ( nþ/""" )

Froude Number, F

F is the ratio of internal to gravitational forces,
where:

F V

(-"F (dimensionless)



Tractive Shear,

Tractive Shear is
of the channel bed,

83

the shear developed on the wetted area

acting in the direction of flow, where:

7 RS¡ (Hrlm )

and where:

^l specific weight of water

R hydraulic radius

s¡ bed slope

Shear Velocity, V*

Shear Velocity is defined as:

v* (r/ 7_

)2 where:p

R = density of fluid
bed shear stress

Stream Power, Po

Stream potrer is defined as:

Po = rv (Nrlms)
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Suspended Sediment Discharge, QS

QS is the quantity of

passes a reference point

day )

sediment in the suspended mode that
in a given period of time. (tonnes/

Suspended Bed Material Discharge, QSBM

QSBM is the guantity of suspended sediment greater than

0.062 mm diameter that passes a reference point in a given

period of time. (tonnes/aayl

Median Size of Suspended Sediment, D5Os

IS
s

ment load.

o5o the median particle size of the suspended sedi-
(mm)

Median Size of Suspended Bed Material, D
50

D
50nvi

mater ial .

is the median particle size of
(mm)

BI,f

the suspended bed

Gradation Coefficient of Suspended Sediment, $"

sediment

the distribution of particle sizes in the suspended

load. (dimensionless)
0 s ls

Gradation Coefficient of Suspended Bed Material, QgM
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the0gM i s the di str ibut ion of part icle sizes
suspended bed material toad. (dimensionless)



Appendix B

VÀRIÀBLE GENERATION PROGRÀM
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ÂSSINIBOINE RIVER SEDIIIENI SIUDY

UNIVERSIIY OF I{ÂNIlOBÂ, UINNIPEG. CANÂDÀ

IHIS PROGRÂI' IS AOÂPTED FiIOH YESTERN CANADÂ HYORAULICS
LABORÄTORTES LTO, PORI COOUtILAil BC

IHE PURPOSE OF IHIS PROGRAII ¡S
I) TO REAO IN AND SIORE HYDRAUL¡C AND SEDIIIENT DATA2) To CÄLCULÀIE oTHER FLoI VAR¡ÂBLES FRoII THIS DÀTA3) TO CONVERT ALL IIIPERIÂL OUANT¡TIES IO METRIC

A 3-D¡IIENSIONAL ÂRRAY IS USED IO SIORE ALL D TÂ
IHE FÀSHION OF OAIA STORAGE TS AS FOLLOTS

STAIION IDENTIF¡CÂlION NUT'BERS

DATA
DÂTA
ÞÂTÂ
oal^

(r.J,K
(2.J.K
(3,J.K
(4,,J.x

. PORTAGE 1956-t968

. PORIÂGE t969-t976

. HOLLÂND

). HEAOINGLEY

OÂY SEOUENC€ (J) CORRESPONOS IO INPUI SHEETS

¡NPUÌ VÂRIABLES OF (k)

-DÂY
.MONTH
¡Y EAR
.UNIT COOE (ENG.O,I|ETRIC-r)
.IOP UIOIH
.x-sEc. ÂREÂ
.DISCHARGE O (CIIS)
.TEI4PERATURE (CELSIUS)
'CONCENÍRAÍION (HG/L)
.SEDIÍENT PERCENT .LT. O.062 (iII{).SIAGE AI STAT¡ON (FI)
.SÍÀGE UP OR DOUN STR
.I'EAN GRÂIN SIZE DsO.S¡ZE GRÀDÂTION (PHI)

CO'IÞUTED VARIABLES OF (K)

l5 .rlEÂN vELOC¡lY (r/SEc)
l6 .SUSPENDEo LoÂD (rNE/DÄy)

x.r)
2
3
4
5
6
7
I
9

to
1t
12
't3
14

FIEAM
(rü

l7
t8
l9
20
21

23
24
25
26

.SUSÞENDED BED T4ÂIERIÂL LOAD (TNE/DAY)

.HYORÂULIC DEPTH (i')
ÛUÂIER SURFÂCE SLOPE
-YETTED PERIÀ{EIER (H)
.HYDRÂULIc RÂDIUS (tt)
-IÂNNING N

'SHEAR VELOc¡tY V' (M/SEC)
.CHEZY C
.FROUDE NUIIBEP FITRACÌI. SHEÂR tS (N/SO.t )
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27 -STREATI PoYER (N/il.S)

PROGRÂ'I IN FORfRAN IV

o¡¡rENsIoN DAIA(4, 2OO. 30)

D0 tOO I-1,4
READ.NOAYS
DO 2OO J.l,NDÂYS

READ(s.2O) (OATA( I,rl,K),¡.1, ¡a¡
FORirAl(4F2. O, F4.O. F5. O, F¿1. O, F4. I, F5. O, F3. 2, 2F5. 2,F 4 . g,F 4 . 2l
CONVERT WTOTH AND ÂREÂ TO I|EIERS

DÂTÂ(
OATÂ (

'DAIÀ.DAIÂ

CONVERT STÂGE IO XEIERS

DATA( I, J, 1 I )-DAfÁ( I. J, I I ) *6.3oot
DÂlÄ( I, J, l2).OÂTA( I,,J, l2 )*O. 3048

couPurE vELoc.a(s),o(sBH), Y

) ro. 3048
).o . 3o4B+o. 3o4B

¿ ,7 ) /D^f 
^(ÍJ,7).DAra(r 'o. 04640

,rJ, fG)'( l.o-oara( I, J, to) )
,J,6)/DArÂ(r,J,s)

(I.J.5
(r.ü,6

,,J.5)
, J,6)

to

ll
12
't3
t4

DATA
OATA
DÂTA
DAIÂ

.DATÂ
!DATA
.oÀlÂ
'DÂ IA

l5
t6
17
rg

!,
J
J
¡J

(I
(¡
(l
(I

GO TO 30i
GO TO 302
GO TO 303
GO tO 304

ls)
16)
17)
r8)

.J,6 )

.r.9 )

c
c
c

SLOPE CÂLCULÀTIONS

30l DATA( t,d, I i ).DAra( I,J, t't )+2
DATA( I, d, r2 ).DATÁ( I,\), 12r+2
DELTA.OATÂ ( I , rJ, 1 2) -DÂIA( I , J
DATÂ( l, ú, l9).Or¡1^7tttr*.O

EO
EA
EQ
€o

F
F

F
F

I
2

4
c

28 .60
55.12
.t1)

t9
20
2t
22
23
24
25
26
27
28
29
30
3l
32
33
34
35
36

302

303

304

400 oÂra(
DÂTA (
oafÂ(

t5)
c

.D^TÂ(I,J.11)+255.12

.DAlÂ(I.J, l2)+228-60
,tJ,ll)-OÂTA(I,J,12)
.DELTÂ/ r28200.O
.DÂ1A(I,J.tr)+292.60
'DÂTA(t,J. r2)+3s3.57
,J, r2)-DArÂ(r,J.1t)
.DELTA/ I 98OOO. o

GO TO 4@
DÂTA( I, J, I I ).9¡1¡1 t,,J, 1 1)+255. 12
DAra( I, J, r2).9¡¡¡1 t,r, l2)+292. 60
oELTÂ.DAIÂ( I, J. l2)-DATA( ¡, J, f I )
DÂlA( I. J, l9).DELlÂ/rogsoo.O
GO TO 400
DÂra(I,J,tl)
oalÂ(I,!r,12)
OELIÂ.OÀÌÂ( I
DÂTÂ(I.J,l9)
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oÂra(¡.J,r2)
O€LlÂ.DÂTA( I
DATA(I.J.I9)

c
c COI4PUIE }'P , R, N
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I,rJ,20)'OATA(t
I,J,2l).DATA(I
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,.r,5)
,J,6)
(I.,J,

+DÂTA
lD^r 

^

1A
20't

2r )úro.667){SOpl(DÄTÂ( I,J, r9) ) )/OAra(r,J, r
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coraPuTE vr,c,F,Ts,P
DÂrA( I, J, 23 )¡SQRI( 9. a I rDÄTÂ( I, rJ. 2 f ) rDATA( I . J, t9) )
DÂrÂ( I, tJ. 24 ). ( DÂr^( r, J, rs )r3. t23)/DArÂ ( r ;.r: 2á )
oÂrÂ( I, J, 2s).DAra( I. J, ts)/SORT(OÂTA( ¡,.r, i8i*9. I I )
DArÂ( I, rJ, 26)¡DÂla( I, J, 21 )tDATÂ( ¡. J. rsi.éeró.o
DÂÌA( I,d,27)-DATA( I.J. t5)iDArA( I,ü,26i
€NO OF CALCULÂTIONS

40
4t
42
43
44

15
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48
49

c
c
c

c
c

2OO CONT¡NUE

¡F
IF
IF
IF

50
5t
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c
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502
503
504

c

FORHÂl
FORIIAI
F ORI'AT
FORHAT

EQ
EO
EQ
EQ

r ) uRrT€(6,501
2 ) uRrlE(6,5O2
3) uR¡TE(6,so3
4) uR¡rE(6,so4

//11x,'
SIAGE

DAIE CODE
VELOC DEPfH

) eRIrE(8,5O9) (OArA(r.
) yR¡lE(9,5O9) (DÂrÂ(r,
) wRrTE(1O.sog) (DArA(¡
) YRITE(II,5O9) (DATÁ(T

IIX,'ÄSSINIBOINE RIVER A1 HEAD¡NGLEY'//)
I IX.'ASSINIEOINE RIVER AT PORTÂGE BEFORE
IIX,'ASSINIBOINE RIVER AT PORTAGE ÂFTER
IIX,'ÂSSINIBOINE RIVER ÄT HOLLÂND' )

1969' / / )
tsce' / /')

54

55

56

57

5a

59

60

6l

62

63

6¡l

65

66

c

c

c

c

c

c
506

c.
206

c

rRtrE(6.sos)

5O5 FORrÂl( lox, ,

5 V' CHEZY
0 D50
FROUDE

PHI
SHEAR

a(s)
POI'ER'/ )

O(SBH) sLoPE

gIDTH AREA TETP CONC O.O
I'P RÂDIUS TAI.¡ft¡ING"/ )

'(DAIA(I,\,,K)22)

,K.4,27
R.4,27
K-4,27

I .t<-a ,27

OO 206 
.J. 

I . NDÂYS

URITE(6. so6) DAIA( I, !,. 7), (DATA( I, J,K ),K. r3, ta ), (DAfÀ( ¡. J,K).X. 16, I67),OArA( r, J, t9), (DArÂ( r,J,R),1.2s,)7 ¡

FORHÂÌ( tox. F5.o, lx, F5.3, tX, F5.2, lX. F I I .3, fX, F I L 3. 1X, F9.7. lX. F8 -6,6lX. F6. 2, lX, F8.¿t, tX,F8.4, rX,F9.4)

CONT¡NUE

YRrtE(6,so7)

5O7 FOR¡|AT('t, ,/7G2 STAGE

DO 2Oa J=I.NDAYS

fRITE( 6. sos ) (DAÎ^( I. J, K ), K. r. 3 ). (DaTA( r,.J. K)
8K.8, l2 ), DAra( I, J, t5 ),DÂra( r,J, tB ), (DArA( i.j.i

,K.¿1,6
) , K.20

c
50a

208
c

FOPiraT( rox,3F3.O. tx, F4.O, lx. F6. i, lx, F7. t, tx, F6. t, .tx, F7.o, tx, F5.2, 
'gx,2F7 .2, tX, F6.2, 1X, F6.2, tX, F6. I, lX. F6.2, tX, F7.5)

CONÎIMJE

DO 2Og J.I.NOAYS

IF
IF
TF
IF

c
67
68
69
70

7l

72
73
71
75

I

3

.J, K)
J,K)
,J,K
.J,k

c
509 _FORrÂl( ",F 1.O,3F7 . 1,5FA. 2,2F7 . 9,F5.2,2F t 1 -3,F6. 2,F 10.7,F7 . 1,F6.29,F8.5,F9.6, F7 -2,F7 . 4,FA. 4,FA. 1)

CONI INUE
CONTINUE
sloP
ENO

Co

209
,too
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2181 2.1189 1.76t9

S?ÀITSTICS ÀND PI,OIS OP ASSTI¡IEOINE NIVER DATA

RUSSBLL STÀTION

P
o
tf
E
R

?ns
OH
UE
DÀ
ER
260a 2. 1 053
2390 1.6rs7
20{1 1.0ft1
1651 0.8050
2289 2.306s
2s25 2.18r{
?167 1.t772
1963 1.2281
2571 3.3308
2{86 3.t030
2tt5 3.7357
1{73 0,{882
0925 0.{025
2827 2.7876
21s5 0.?319
2579 0.7511
33{8 0.5980
l9{0 0.t5{7
2682 1 ,1 339
2302 0.a773
1212 0.7157
2580 2.s99r
2516 2.2069
2t91 1.s628

c
H
E
z
I

s
T
À
G
E
2

s
I
À
G
B
1

P
B

TCR
!ocxx6

oPc2

A
R
E
À

v
s

DP
5H0r

c
oo
ID
sË

H
RÄsÀN

Í,DNort
PIfUN
IPSG

0001918 36
0001919 3t
0001929 32
00019{6 32
000r88s r3
0001883 t3
0001938 3t
00019{r 33
0001875 5t
0001875 55

DoEsÞ
0B I
sr,l H

v
E
r,
o
c

.01 703

.01 ?86

.01911

.02306

.01957

.01 ?59

.019r3

.02085

.018r6

.01915

. 0200 1

.02393

.03698

.01650

.0175t

.01t6t

.0108?

.01797

.01500

.0r527

.029s3

.01762

.017t9

.01 703

.017 97

.02156

.03t15
,03288
.028{5
. 0181 2

t¡
I
D
I
lt

.0001961

.0001 96t

.0001 9{5

.0001 9s2

.000 1 939
,00019t3
.00019s3
.000 1 91 I
.0001953
.0001950
.000186r
,0001898
. 000 1 93t
.0001933
,00019{8
.0001 958
.00019{9

1 .8156
1.1673
0 . r786
0.27t3
1 .8756
1 .90s6
0.89t2
0.6127
3.67 19
3.6680
r .0991
0.11{5
0 .0537
3.03{s
0.307r
0,3870
0 ,3sr0
0, t3ss
0.7t72
o.1729
0, 1 755
2,5t55
1.9t72
1.121{

59.67 0
5{,61 0
16.28 0
37.r3 0
52.88 0
s8.29 0
{9.t9 0
tt.{{ 0
59.65 0
57.70 0
s6.07 0
33.rt 0
20.76 0
6{,39 0
{8.t8 0
58.35 0
75.60 0
{3.65 0
61 .11 0
s1 .79 0
28.63 0
60.00 0
58.65 0
s6.69 0
56.s1 0
{2.88 0
26.r0 0
27.60 0
31,37 0
57.03 0
56.77 0
58,28 0
51.26 0
sl.86 0
s3.69 0
e9.s9 0
56. 10 0
58.75 0
52.36 0
36.05 0
26.O2 0
17.30 0
26.{5 0
36,71 0
t0.80 0

.0001878 s7.

{5.

0 .0rs88 3
0. 0t0568
0.0318a5
0 .028 3 90
0.0t8026
0.0t6738
0.038{3a
0 .0 3s0{8
0.0577 1 3
0.058335
0.061 120
0.022096
0,020061
0.0s2798
0.027053
0 .027 t61
0.02tt5{
0.021323
0.033673
0,02r8r8
0. 0267s3
0.050981
0. 0{6978
0. 039532
0 .0r5032
0 .03t8tr
0.032t19
0 ,032985
0,031392
0 ,0t80{2
0.0s76t9
0.0{996s
0.0¡0{51
0.0396{r
0 .03 08 20
0.027737
0.053378
0.0a9288
0.031 135
0.02805{
0. 027{36
0. 02s398
0. 026s1 9
0. 03 1 808
0, 02905r

2 1.12 0
{ 0.87 0
2 o.st 0
1 0.{2 0
0 1.25 0
3 1.18 0
3 0.78 0
3 0.65 0
9 1.81 0
3 1.8s 0
3 2.03 0
3 0.2s 0
2 0.21 0
{ l.16 0
9 0.38 0
0 0.{0 0
r 0.31 0
6 0.2r 0
3 0.60 0
s 0.2s 0
7 0.37 0
{ 1,r2 0
7 1.19 0
1 0.82 0
1 1.12 0
f 0.61 0
9 o.ss 0
5 0.57 0
9 0.51 0
7 1.2t O

7 1.78 0
2't.31 0
I 0.86 0
2 0.83 0
2 0.s0 0
2 0.r0 0
7 1.55 0
r 1,32 0
I 0,51 0
I 0.a1 0
0 0.39 0
0 0.3t 0
3 0.37 0
s 0.53 0
{ o.at 0

{
I
5
0
3
0
7
2
9
1

r 0 35.1 ro.s 35.5 0 0 0 t08.13 37t.5s 0 0 0.88 0 0 1.16 0
2 0 33.5 30.1 21.t 0 0 0t07.85 371.27 0 00.71 000.900
3 0 !f.7 17.3 8,2 0 0 0 t07.t3 373.67 0 0 0.t? 0 0 0.55 0r 0 31.7 13.6 r.6 0 0 0 {07.30 373.25 0 0 0.3t 0 0 0.t3 050a1.8 s3.7 t3.7 0 0 0{08.3t 375.360 0 0.81 00 1.29060t2.1 51.2 tt.? 0 0 0t08,t0 375.a60 0 0.8? 0 01.220
7 0 33.5 26.7 f6.1 0 0 0r07,7a 3?3.82 0 00.61 000.800
E 0 32.6 2r.5 10.7 0 0 0 t07.51 3?3.5t 0 0 0.s0 0 0 0.66 090 s3.0 99.a 109.60 0 0r09.r? 376.6s0 0 1.10 00 1.870

10 0 53.3 10?.2 110.2 0 0 0 t09.s3 3?6.?1 0 0 1.08 0 0 1.92 o
11 0 ss.z 116.1 127.1 0 0 0 t09.79 376.92 0 0 f.10 0 0 2.10 0
12 0 rr.0 3,5 0.8 0 0 0 t07.1t 372.8200 0.23 0 0 0.26 0
13 0 tt.0 3.0 0.{ 0 0 0 a07.r0 312,7300 0.13 00 0.21 01r 0 r3.9 66.3 72.200 0 {08.90 37{.87 0 0 1.09 0 0 1,5f o
1s 0 30.5 11.8 5.0 0 0 0107.27 373.f2 0 00.a2 000.390160 22.6 9.1 l.? 0 0 0{07.31 373.38 0 0 0.51 00 0.t0 o
r7 0 20.1 6.t 3,8 00 0t07.29 373.29 0 0 0.s90 o 0.32 0
18 0 17.1 t.? 1.2 0 0 0 t07.17 373.00 0 0 0.30 0 0 0.?t 0'r90 3r.7 r9.5 r2.90 0 0 t07.6s 3?{.1s0 0 0.660 o 0.62 o
20 0 r9.5 a.9 1.S 0 0 0 {07.18 373.01 0 0 0.36 0 0 0.2502r 0 2r.3 8.1 2.0000{07.21 372.91 000.2s000,38 0
22 0{3.9 6t.5 53.1 000{08.70376.08000,9800 l.a7 o
23 0 37.5 a5.9 t0.5 0 00 t08.32 375.11 00 0,S8 0 01.2202{ 0 33.2 29,1 20.1 0 00 t0?.79 373,9t 00 0.72 o 0 0.8t 0
2s 0 39.9 ts.9 38.2 0 0 0t08.26 37t.t3 00 0.83 o0 1.1s0
26 0 23.5 15.3 7,3 0 0 0 {07.t0 373.320 0 0.{8 0 0 0.65 o
27 021.3 12.0 3.3 0 0 0 t07.23 372.980 0 0.27 0 o o.s6 o
28 0 21.9 12.8 3.7 0 0 0 {07.26373.15 0 0 0.290 00.58 029020.t r0,8 3.a 0 0 0 a07.2s 373.07 0 0 0.32 0 0 0.53 o300 3t.r 11.2 38.800 0108.27 375.01 000.8S00 1.280
31 0{t.8 83.0 86.9000a09.08375.7{ 00 1,0500 1.850
32 0 t0.8 56.5 s2.7 0 0 0 {08.ss 3?5.2s0 o 0.93 0 o 1.380
33 0 33.5 29.7 19.7 0 0 0 t07.80 37{.01 00 0,660 0 0.8903t 0 31.a 26.8 17.6 0 0 0t07.77 3?3.98 o 00.6500 0.850
35 0 31.7 16.0 8.5 0 0 0 t07.39 373.2t0 O 0.53 o O O.5o 0
36 0 19.8 8.1 2.1 0 0 0 t07.r8 372.81000.26000.{1 0
37 0 rs.1 72.7 69,7 0 0 0{08.8t 3?6.160 O0.96oO 1.61 o
38 0 39.0 53.1 {9,3 0 0 0{08.{2 375.{90 0 0.93 o0 1.360
39 0 32.6 16.8 8.8 0 0 0{07.39373.32 0 0 0,52 0 o 0.52 ot0 0 25.0 10.t 3.{ 0 0 0 107.21372.960 0 0.32 o 0 o.a2 011 0 18.6 7.a 1.7 0 0 0 107.16 372.9500 0.23 o 0 o.aoo
12 0 17.7 6.0 0.8 0 0 0 a0?.09 372.75 0o O.lt 0 o o.3t o{3 0 18.9 7.1 1.6 0 0 0 a0?.10 372,86 o O 0.22 o O 0.37 oIt 0 21.9 1't.9 t.t 0 0 0 t07,32 373.190 O 0.37 o 00.5a ors 0 2r.9 9.8 3.7 0 0 0 to7,253?3.01 0 0 0.38 o oo.{50

. f890

.1168

.r218

.1386

.2t72

.2{59

.2532
,2251
.2277
,2383
.1313
.2112
.2536
.2321
.1603
.115t
. 0758
.1173
.1622
.1909

1 .21 tl
1.0510
1 .088 1

0,985s
2 ,3080
3 ,323r
2 .1965
1 .6363
1.5716
0.9{99
0.7693
2.8t92
2.t293
0. 969r
0 .787 1

0.7527
0.6a51
0. ?033
1 ,01 18
0,8{tl

0.5809
0.288r
0.3172
0.3107
z.02a?
3, a82{
2.3279
1 .0863
1.03r6
0.5033
o.2021
2.7319
2.252t
0.5061
0. 25{9
0.1721
0.0907
0. 1 579
0,3783
0. 320r

.0193r

.01796

.01 898

.01 86{

.01 652

.02892

38
3{
t1
2l
21
22
20
35
a6
l2
3{
32
32
20
{6
t0
33
25
t9
l8
19
22
22

.0001953

.0001901

.000f905

. 0001 902

.0001931

.0001931

.0001 951

. 000 1 962

.0001868

.0001882

.00019t7

.0001 9s9
,0001961
.0001 962
. 000 1 9s7
.00019s0
.0001957

.01913

.o1777

.01700

.02383

.032?6

.0r802

.03188

.o21t2
,0213f

\o
rc
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SîÀTISTICS ÀND PIPTS OP ASSTNTEOINE RIVEN DATA

NUSSELL SÎÀ?TON

P
o
t
E
R

2
0
0
1

7
1

7
'l
a
I
5

s
lt
E
A
R

F
R

o
U
D
E

c
¡t
E
z
Y

v
s

HnÀ
SÀN
T,DN
OII
P¡'UN
EPSG

D
B
P
T
H

a
s

QB
st{

v
E
L
o
c

DP
5H
OI

s
I
À
G
E
2

sÌ
A
G
I
1

P
E

lCR
EOC
xrl6

oPc2

tf
cl

ooD
BDl
sEt{

083
510
t29
701
212
391
000
822
960
665
806

.03252
,02ar0
.02550
.01 1 62
.01 53t
.01601
.01787
.02868
.01822
.0r997
.02130
.01673
.02217
.0131s
.0f 900
.01 ?98
.02375
.02173
.021t0
.03069
.01587
.0096t
.01169
.01608
.02235
.01976
.0201 I
.0261 0
.0399{
.03110
.05r 1 9
.03633
.03662
.01053
.01f96
.0f801
.01 9t5
.0276s
.0217 t
.0lfa5
. 018 76
.01937
.02?03
,03269
.o12s2

0. 028989
0.0f 7{3{
0.016779
0 .035528
0 ,013t73
0.0t8713
0,03r782
0.026810
0.051 091
0. 03832{
0. 03a67{
0. 029735
0.025653
o.o2t787
0.0t9831

.tt18

.2036
,308r
.101{
.6823
.3163
.7t0t
.7117
.1329
.6870
,1878
.5727
.8t70
.8238
.3882
.2899
.1377
.3201
.0977
. 0697
.0788
.0698
.7060
. t8t6
.5381
.3062
.3t58
,337t
.613'l
,3765
.1587
.55{{
.3556
.2696

0.1183 0.8t03 0
0.r336 0,3039 0
0. I 261 0.2S1 6 0
0,3116 1.2622 1

0.2808 1.8899 1

0.2t86 2.3730 2
0.226t 1.2098 0
0.1309 0.7188 0
0.2rss 2.6103 2
0.2083 1.a687 0
0.1901 1.2023 0
0,231 1 0.88{2 0
0.f663 0.6581 0
0.?727 0.6111 0
0.17ss 0.3933 0
0.2t29 2.051t I
0. 1 620 0 .890{ 0
0.1922 r.{099 0
0.19t9 1.3660 0
0.13a0 1.2s8f 0
0.2r63 r.107t 0
0.t013 1.13s5 1

0.3178 0.8262 0
0.2817 2.6317 2
0.?173 3.8306 3
0.232s 2.68t6 2
0.2285 2.6s{8 2
0.1393 0.57tt 0
0.1027 1.2?98 0
0.1138 0.{869 0
0.0709 0.5720 0
0.0978 0.5012 0
0.0961 0.t68s 0
0.3505 0,875¡ 0
0.3050 0.756s 0
0.2t82 2.6151 2
0.2286 2.s820 2
0. rr32 1.0310 0
0.1780 0.8796 0
0.32ss 0.8736 0
0.1978 0.8s1t 0
0.2383 3.1190 3
0.rs29 1.3t96 0
o .1223 1. 1 560 0
0.31t7 1.3777 1

26.70
30.03
28.36
81,r9
65.{2
57.79
51 .95
29.52
58.t5
a8 .07
{3.50
52.r8
37.67
63.25
a0.61
56, 55
37.19
t3.68
t{.02
30.30
s8. 23
96. 95
75.32
65.75
50.37
53 .52
52.28
31.23
23. 18
25. {9
'I 5. 92
21.91
21.50
85. 1r

0{ 5292
029839
03 7 5{8
03 6960
035r69
033277
033697
0297 t3
051329
061 892
051813
051 525
Q2X967
0 3 s069
0 22 065
023917
022386
021 6t5
02 9s86

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0,
0.
0.
0.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0.25 0 0 0.r5 0.0001950 19.3 o.tt 0
0.17 0 0 0.16 0.00019s8 11.7 0.16 0
0.15 0 0 0.15 0.000't961 11.r 0.15 0
0.93 0 0 0.75 0.0001753 33.7 0.73 0
0.91 0 0 1.07 0.0001851 37.0 1.0t 0
0.90 0 0 1 .3r 0.0001 869 38.8 1 . 29 0
0,58 0 0 0.67 0.0001889 33,6 0.6s 0
0.25 0 0 0.38 0.0001952 22.0 0,38 0
0.96 0 0 1.5t 0.000r?92 {1.s 1.{9 0
0.59 0 0 0.82 0.0001878 32.5 0.80 0
0,{8 0 0 0.66 0.0001900 33.3 0.65 0
0.50 0 0 0.r8 0.0001928 2t.3 0.{7 0
0.3r 0 0 0,3s 0.0001939 17.7 0,35 0
0.50 0 0 0.3s 0.00018s9 1t.1 0.3t 0
0.26 0 0 0.22 0.0001858 11.2 0,22 0
0.82 0 0 1.16 0.0001858 36.8 t. f3 0
0.36 0 0 0.{9 0.0001878 32.5 0.t8 0
0.53 0 0 0.76 0.000193{ 33.{ 0.?t 0
0.s2 0 0 0.73 0.00019ss 33.6 0.?1 0
0.34 0 0 0,67 0.00019{9 31.8 0.65 0
0.62 0 0 0.65 0.0001780 33.0 0.63 0
t.05 0 0 0.69 0.0001705 3t.2 0.68 0
0.69 0 0 0.{9 0.000177s 22,1 0.{? 0
1.08 0 0 1.a? 0.0001889 {6.3 1.t2 0
1.00 0 0 2. ts 0.0001890 5t.0 2.07 0
0.89 0 0 1.{9 0.000r902 12.0 1.tt 0
0.86 0 0 1.{5 0.0001931 {1.7 1,{0 0
0,2a 0 0 0.30 0.000t9s8 32.0 0.30 0
0.26 0 0 0.6s 0.00019s6 31.7 0.5{ 0
0.18 0 0 0.26 0.00019s8 32.3 0.25 0
0.12 0 0 0.30 0.0001951 31.1 0.30 0
0.16 0 0 0.26 0.00019s6 33.8 0.?5 0
0.15 0 0 0.2t 0.000196t 3a.t 0,2t 0
0.81 0 0 0.5t 0.0001688 25.8 0.s3 00.6t 0 0 0.{5 0.00017{7 2t,8 o.at 0
0.97 0 0 1.56 0.000f773 tt.2 1.s0 0
0 .89 0 0 I .56 0.0001 7t9 a7 .0 1 . s1 00,3r 0 0 0.56 0.0001913 32.0 o.ss 0
0.38 0 0 0.{7 0.0001920 3a.6 0.t? 0
0.7r 0 0 0.52 0.0001?t6 23.7 o,sl o
o.ar 0 0 0.51 0.0001738 26,t 0.50 0
1 .01 0 0 1 .8t 0.0001 795 19.1 1 .77 0
0.{1 0 0 0.7{ 0.0001912 33.0 0.72 0
0.31 0 0 0.6t 0.0001865 32.3 0.63 0
0.92 0 0 0.87 0.00016{6 37.t 0.85 o

t07.18 372.88
{07.07 372.80
1o7.06 372.71
t08.1{ 377.t5
t08.10 375.72
r08.36 375.65
{0?.59 37{.53
t07,22 37t.06
toB.72 377.36
407.66 37r.80
r07.53 37t.28
t07.35 373.60
t07.20 373.26
{07.23 37r.70
{07.13 37a.52
r08. l3 375.61
t07.35 37{.{9
t07.63 373.79
a07.61 373.t0
107.12 373.32
a07.61 376.t7
{07.88 378.03
{07.r5 376.38
t08.90 375.83
r09,?0 376.62
r08.61 375.33
t08.53 37t,7{
t07.27 373,00
407.t1 373. f9
t07.22 372.9s
t07.22 373.07
a07.22 372.99
to7.?1 372.At
{07.59 3?8.0t
r07.t8 376.91
a08.81 377.79
r08.87 378.27
t07.t3 373.96
t07.t3 373.8t
r07.s1 3?6,9t
ao7.t2 377.01
109.22 377.81
407.s5 37a.10
{07.tt 37t.80
t08.01 379.21

2.1 0 0 0
0.3 0 0 0
0.3 0 0 0

22.9000
3s.1 0 0 0
{5.3000
12.7 0 0 0
2.1 0 0 0

58.9000
1s.3 0 0 0
10.r 0 0 0
5.7 0 0 0
1.9 0 0 0
2.r 0 0 0
0,6 0 0 0

3a.0 0 0 0
s.6 0 0 0

13.0 0 0 0
r2.5 0 0 0
7.2 0 0 0

13,0 0 0 0
2r,3 0 0 0
7.3 0 0 0

71.1 0 0 0
11,3 0 0 0
53.8 0 0 0
so.t 0 0 0
2.3 0 0 0
s.3 0 0 0
r.5 0 0 0
1.1 0 0 0l.a 0 0 0
1.2 0 0 0

11.0 0 0 0
7.0 0 0 0

6t,6 0 0 0
63.1 0 0 0
5.9 0 0 0
6.2 0 0 0
8.9 0 0 0
5.8 0 0 0

88.f 0 0 0
9.8000
6.3 0 0 0

29.{ 0 0 0

I
1

1

2l
38
50
21
I

61
25
21
11

6
{
2

tt
15
2t
21
20
20
23
l0
65
11
60
58

9
20
I
9
I
I

13
11
66

16 0 18.9
17 0 11.6tg 0 11.3
{9 1 32.9
50 1 36.0
51 f 37.5
52 1 32.9
53 1 21.6
5r 1 39.9
55 I 31.7
56 f 32.6
57 1 23,8
58 1 17.t
59 1 13.7
60 r f 1.0
61 1 35.7
62 1 32.0
63 1 32.6
6t 1 32.9
6s 1 31.1
66 1 32,3
67 1 33.5
68 1 21.6
69 1 at.0
70 f 51.8
?t t {0.5
72 1 t0.z
73 t 31.7
7a 1 31.1
75 r 32.0
76 1 30.8
77 1 33.5
78 1 3r.1
79 1 25.3g0 I 2{.{
81 1 a2.7
82 1 t5.a
83 1 31.a
8{ f 3a.1
8s r 23.2
86 1 25.9
87 I a7.2
88 I 32.3
89 1 31.7
90 1 36.5

027505 72.7t
59.27
5t.89
32.63
t0. {0
77.79
t7.33
s6. 63
3t.92
28.25
77.53

05t 1 38
05081 3
032109
029657
02 9s56
029178

0.0558a8
0. 036737
0.03t00t
0.0371 18

0
7
6
2
3
7
3
0
2

\o



12t03 HEDNESDÀ!. r,nY 1, t985 3

STÀTISTICS AND Pf,OlS OF ASS¡NTEOTNT RIVER DÀTÀ

RUSSELL STÀTION

Þ
o
H
E
R

630 36.1 0.73
711 17.8 1.67
832 38.3 1 .38
873 38.s 1,32

.961 I
,8360
.1 789
.091r

r.168
2.8t7
2.t71
2 .117

r0
82
52
12

s
H
E
À
n

c
H
E
z
Y

F
R
o
U
D
2

30r
211
2?5
236

75.21 0
s8.28 0
s5.3S 0
54.96 0

v
s

ll
RÀsÀN

LDN
OTI
PltuNgPSG

000
000
000
000

D
QE
SP

9B T
sx H

v
E

DP L
5H O0r c

s
T
À
G
E
2

379
378
376
3?5

85
08
t3
39

s
T
À
G
E
1

a0?
r09
r08
{08

9r f 3s.t 26.t 21.7 0 0 0
92 1 t6.0 79,6 79.3 0 0 0
93 r 36,9 52,7 t6.{ 0 0 09{ 1 37.2 50.7 t3.9 0 0 0

P
B

lCR
EOC
rfN6
PC2

À
n
E
À

r
CI

ooD
BDl
sEt{

0.01258 0.03t182
0.01863 0.053365
0.01899 0.0t9715
0.01899 0.0{916t

33000.82000.750
61001.00001.730
36000.88001.{30
62000.87001.360

\o
I\J



OBS CODE TT¡ÛTH ÀREÀ

11156 WEDNESD^!, rÀY 1, 1985 155

SÎATISTICS AND PLOTS OP ÀSSINIBOINE RIVER

IIOLLA}TD STÀT¡ON

O TEIæ CONC PERC62 STAGE1 STAGE2 DsO PHT VETorC QS

1

2
3
I
5
6
7
I
9

10
11
12
13
tt
15
16
17
18

oBs

I
2
3
{
5
6
7
I
9

10
11
12
t3
tt
t5
16
17
18

181.
t7a.
r08,
172.
187 .
t87.
88.
86.
89.
89.
96.
8t.
79.
79.

181 ,
163.
18t .
187.

637
s12
195
470

I 250
1 a70
3ta
303
101
f86
151
215
f86
136
818
t28
68s

1 290

{25
73t

1f00
512
53l
r82

1 030
632

1 090
1{20

609
I 000
297
326
t37
387

1 360
3tt

0. 78
0. 78
0.82
0. 75
0.79
0.81
0. 57
0. 67
0.81
0.82
o,79
0, 73
0.69
0.66
0.78
0. 56
0. r9
0 .81

355. {5
355.21
358 .89
357 .88
358, ss
3s9.r9

3.r6
5. s3
{.57
9. s6
2.23
3.19
1.a7
2.21
Lr0
3. 08
2.71
2,92
r .36
1.12
3.36
3.55
2.67
2.86

51{5.9
7 122. a
3335.9
sl 97 .8

120r3,1
1r631.1
12015.7
5a59.9
1 807. 2
t107.6
f668.5
5015.5
1 179 .6
1302.a
6791.7
6296.8

{1050.0
66a9.5

0.0003130
0.00031{9
0.0003f90
0.00031 57
0.0003050
0 .0003073
0. 000308{
0. 0003076
0 .0003 1 02
0.0003072
0.0003061
0.0003131
0.0003067
0.0003073
0.0003r07
0.0003131
0 .0003 fi 1

0 .000306a

0.028s1
0.02t t 6
0.01 881
0.02520
0.0311a
0.0332s
0 .02507
0.02-r20
0.020t2
0.0110{
0.01 t92
0.02677
0.02t18
0.03311
0.02212
0.02315
0.0t16{
0.033 1 r

0.092720
0.081895
0.067s20
0.0831{s
0.1 1r08r
0 .122399
0.0887f3
0,090t61
0. 059{82
0.0591 96
0. 059 556
0. 082a80
0.077292
0.077359
0.092375
0, 080 1 96
0.105319
0. t 1 7579

0.233s
0,268r
0, 3205
0.2s57
0.2262
0 .217 1

0.2s85
0. 2393
0.2805
0.s166
0.3827
0.2379
0. 2560
0.1872
0 ,2998
0 .27 08
0.r66r
0 .21{9

1 .33
1.25
0,9s
1.76
1,3t

I . 5970
7.207?
r. 5589
6.9131

13.01{5
1{.9816
7. 8700
8. 1 832
3.5381
3 ,50{2
3. 5{69
6.8029
5.9725
5. 98{ I
8. s332
6.{315

11.0922
1 3.82{9

23390.6
33738. 1

1 8532. I
2079't.3
573a8.0
61217.8
279t3.5
1 65t5,2

951 1.8
22819.9
79{5.3

18576.0
1772.9
3830.6

3088s. 0
11310 , 9
80{90.2
3t997 .2

.60r8

.3163

.563t

.327 1

, {565
.01t8
.1312
.2651
.37{1
.15{1
.6t92
.6125
.8328
.0060

5
9{3

11.112
20.206

10
5
2
6
6
6
5

11
2
3
6
I

20
21

6
0
3
0

t{?

7 516. 5
0 t11.6
2 159.8
5 390.2
I 836. r
s 9s6.9
r 236. 9
3 2{1 .59 105.9
9 10s.9
3 rf5.2
1 191.t
9 162.6
9 162.6
7 516.5
a 316. 5
r 683.8
r 882.6

23
29
22
20
t9
5{

12
1{
8{
58
2l
00
{5

3s8.82
3s8.52
357.82
358. s6
358,91
360. 07
356. 58
3s6. 3t
355.73
355.5t
355.05
3 56. 91

291.37
297.37
295.89
296.96
298 .83

10
9
5
I

19
21
10
'f0

3
6
{
7
6
5

r3
7

39,20
t6. 66
{3.31
50.07
92.65
68.73
r2 .5t
t6. 23

32

9t
89
91
91
97
86
81
81

18r

.8t

.36

.tg

.26

.t5
,10
.68
.80
,18
.18
.20
.27
.0{
.0t
.8t
.12

2 96 .8{
296.27
29t.6?
296.06
298. s3
299.22
29s.51
29s. tt
29r.3 1

29t.70
29t.{5
29t.92
291 .7 3

0. 185
0.170
0. 152
0.a50
0,260
0.720
0. 300
0. 290
0.100
0.f30
o.220
0, 1{t
0. 176
0. 190
0.250
0.270
0. t20
0.8t0

QSBI{ DEPÎH STOPE NÀDIUS I{ÀNNING vs CHEZT FROI'DE SI{EÀR POJ|ER

2
2
1

2
I
5
2
2
1

1

1

2
2
2
2
2
3
{

l8{.
17 6.
t 09.
171 .
192.
192.

tl.5t
{7. 55
56. {{
45. 2t
{0 ,93

2 .80
2. 33
1 .46
2.23
{.35
1.97
2.60
2.? 1

1.16
1.16
1.f8
2.??
1 .99
'f .99
2. 80
2.O9
3.63
a.60

.71

.72

165 .
188 .
191 .

33,77
53.5r
t8. 10
29.71
38 .82

6
2
I

\o
Ul



STATISTICS ÀND PLOTS OP ÀSSTNIBOINE RTVER

PORTÀGE BEPORE 1969

ÎEXP COI|C PEnc62 sTÀcBl sîÀcE2

11356 HEDNESDÀY, ttAY l, 1985 52

D50 PHI VELOC QS
OBS CODA íIDîH AREA

OBS QSBH DEP¡H

a

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

I
2
3
{
5
6
7
I
9

't0
11
12
13
1{
t5
16
17
t8
19
20
21
22
2X
2{

0.89
0.97
0.97
0 ,79
0,72
0. 68
0.78
0.9t
0. 87
0.88
0.85
0 .89
0 .88
0.77
0.72
0.77
0.79
0.77
0.76
0.69
0, 73
0 .86
0, 68
0. 66

.95

.00
,t0
.{0
.60
.{0
.56
.76
,52
,10
.t'l
.00
.33
.50
.23
.89
,57
,35
,53
.80
.92
.90
.95
.72

29{.91
29t.82
29r.5t
29r.09
293.66
293.26
29{. 36
29t.37
29t.07
29t.21
29r. 09
29t.36
29{.3{
293 .80
293.86
293.79
293.98
293,83
293 .80
293. s3
293.99
29r .80
293.51
293.39

2s8. r 1

258.?1
257.89
2s7.11
256.80
256.29
257.68
257.85
257,35
257.r5
257.26
257 .63
257.61
2s7. 06
257.11
256.79
2s6 .7 t
256.75
2s6.82
2s6. s0
257.t9
257.79
256.75
2s6. 6s

31.36
33.99
36. s6
35. 15
36.0s
{t. tt
30. 6{
36.20
38 .23
36. 30
37.99
35,69
35.08
35.36
32.32
39.8t
{2,00
39.93
37.97
40,3t
29.26
t2.18
35. s6
36.58

2.39
2. t5
2.08
1 .50
f.19
0. 69
1 .93
2.00
1 .5{
1.75
1 .51
1 .85
r.86
1.{0
1.{6
1 .09
1 .03
1.r0
1 .20
0.87
1 .88
1.23
1 .07
0.97

PP

101.
100.
97.
9a.
90.
87.
98.
97.
9{.
97.
91.
99.
98.
92.
93.
88.
89.
89.
90.
89.
93.
95.
91.
90.

2. t5
2.51
2.13
1.52
1.21
0 ,69
1.97
2.0{
1.56
1 .78
1.s3
1 .89
1.90
1.t2
1.{8
1.10
f.0{
1.11
1 .21
0. 88
1.92
1 .25
1 .08
0. 98

1 93r.88
157s.93
9r8 .33
237 .08
157.70
53.1t

1 1 98.80
t 585,06
t3r,52
330. {8
763.15
559.70
a8{.08
175.39
661.12
503 . s6
25{,8f
2t7.62
307.6t

5r .51
1287.32
7s3.96
123.17
60.13

99.
98.
95.
92.
89.
87.
96.
95.
93.
95.
92.
97.
96.
91.
92.
87.
88.
88.
89.
88.
91.
93.
89.
89.

I
1

1

7
3
2
3
1

r
{
7
5
3
I
0
I
7
7
6
{
I
9
9
0

217
2a0
196
112

7g
It

1t8
182
127
150
122
16r
161
r00

98
7t
73
76
83
5t

129
101
65
58

2{3.t
2a6.2
202.5
1t1.2
107,8
60.r

189.5
19t.2
tt5,9
170. 0
112. I
183. 9
183.0
130. 1

136.6
96. 6
92.5
98.s

108.7
77.8

175.6
11?.1
97.5
87.5

3.3
2.2
3.3

12.2
18.9
20 .0

1.1
2.2
{.t
8.9
0.6
2.2

12.2
13.9
0.5
0,5
5.0
5.5
6.5

12.0
0.0
2.2
6.7

10.6

860
760
560
2t5
260
300
625
8r0
tr0
255
905
395
290
290
976
716
a0{
rt9
129
276
82s
{80
2{0
300

RÀDIUS

0.88
0.90
0.90
0,90
0.91
0. 95
0 .85
0 .88
0.91
0. 90
0. 92
0.90
0.88
0. 93
0. 92
0 .89
0 .90
0 ,91
0.90
0. 96
0.86
0.82
0.9r
0. 96

ttlANNING

0. 03678
0.03{06
0 ,03083
0.0303s
0. 028a8
0,02100
0.03631
0.03092
0. 02803
0. 0301 5
0.02812
0.03096
0.03153
0. 02983
0.03286
0. 02 538
0.02386
0. 02s36
0.02713
0.02{15
0. 03787
0.02t17
0.02837
0.02713

0.2f0
0. 200
0. 150
0.t50
0. 200
0.09r
0.180
0.250
0.210
0.190
0. 170
0.t70
0.180
0. 080
0. 09r
0. 090
0.070
0.170
0.150
0. 125
0. 125
0.t10
0.190
0. 125

r612{.0
1 5759, 3
9r83,3
23?0.8
1752.2
1062.7
7992.0

t 3208 .8
r828,0
330r , I
9539. a
s597 .0
{03r.0
250s.6
826{.0
1577 .8
25a8, I
2751.3
3076. {
1287.7
9195.1
t188.7
r368.6
1s03.{

Sf¡PB

0.0003351
0. 00033t{
0.00033t5
0.0003375
0.0003366
0. 0003377
0 .00033t9
0.000333s
0.000335a
0.0003357
0.0003363
0.000335t
0.0003355
0. 0003356
0 .00033s6
0.0003380
0.0003{01
0.0003386
0.0003377
0.0003382
0.0003333
0.0003380
0 .0003357
0.0003356

0. 088782
0.089s75
0 ,082670
0.070t61
0.062706
0,0a77 1 8
0.079s97
0 . 08087 1

0.07 1 1 35
0. 07s899
0.070563
0.078023
0. 078308
0.067902
0 .069329
0.060033
0. 05865s
0. 06035a
0 .06296a
0.053761
0.078{16
0.06388 1

0.059t18
0. 05658{

0.1819
0.f965
0 .21 17
0.2051
0.210{
0 .260s
o -1777
0. 209{
0.2223
0 .21 10
o.2213'
0 .207 3
0. 2038
0.2058
0.1881
0.2331
o.2t66
0 .2338
0 .221 t
0.236{
0. 1 693
0.2t67
0 .207 I
o.213t

7 .8822
8.0237
6.83tt
t.96t7
3.9321
2.2770
6.3357
6.5t0l
5,0601
5.7606
1.9791
6, 087s
6.1321
{.6106
{ .8065
3.6039
3 . tt0{
3.6{26
3 ,96rs
e.8902
6.1t91
{.0808
3.5305
3.2018

7 .027 1

7.821e
6.61{1
3.9377
2, 8r60
1 . s{60
{.9{75
6, 1 303
{ . t059
5.0825
1.2736
5.427{
5,39{t
3. 5{r9
3.{{91
2.7602
2.7 1 +2
2.8112
3 .O27 1
2,0071
r. 51 76
3.5210
2.3S87
2.1220

vs CHEZY TROUDB SI{EÀR PO¡fER

t8
19
20
21
22
23
2t

\o
-l.-
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STAîISlICS ÀND PLOTS OP ÀSSINIBOTNE RIVER

PORTÀGE BEFORE I969

OBS CODE I'IÛTH ARAÀ Q TEXP CONC PERC62 STAGE1 S1^cE2 DsO PHI VEI,oC QS

25
26
27
28
29
30
31
32

50
7t
82

116
100
r03

71
30

22s
385
365

1210
390
320
190
165

256. 56
2s6.86
2 56. 93
257 .35
257.15
257.O1
256.80
256.2t

0. 190
0.150
0. 125
0.1t0
0.r20
0, 't 20
0. 068
0.210

0. 63
0.69
0.72
0 ,80
0, 78
0. ?{
0. 65
0.57

972.0
2r61.5
2s86. 0

12127.1
3369.6
28t7,7
1165.5
t27 .7

a
3
3
7
a
0
I
9

88
93
93
92
91
92
90
86

0
0
0
0
0
0
0
0

79
107
113
1{a

2.9at2
3 .7705
3.9r89
5. 0600

2, 68
2.60
2.72
3.86
{.00
t.00
3 ,82

r2,38

33
73
68
07
77
95
6t
19

36.06
3t .92
35.95
35.1{
36. 19
31.21
32.67
39.73

293
293
293
29t
293
293
293
293

9t
90
96
9{
93
93
9t
78

0
0
0
0
0
0
0
0

0.89
1 .lt
r.20
1.5t
1 .38
1.{8
1.18
0.60

1

I
0
7
9
7
9
3

1t
17
20

1

I
11
18
18

I
I
3
9
2
{
7
I

r 28.
r 38.
108 .
52,

oBs DEPlI{

0. 90

SfOPEQSBr{

58.320
2{6. 1 5{
1 03. a38
727.626
235,972
1 99. 3{2
69.932
9{.090

TIP RADIUS I|ÀNNING vs CHtsZT PROI'DE SHEÀR POHER

25
26
27
28
29
30
31
3Z

0.00033s8
0.0003358
0.00033s6
0.0003353
0.00033{5
0. 0003373
0 .000336a
0.0003375

89.3
9l.t
9r.5
91.2
92.8
93.5
92.0
87.5

0.0271r
0 .0291 9
0,02859
0.030{9
0.02908
0,03206
0.03 t 38
0.02306

0.05r260
0.061tot
0.0628t0
0.07113t
0.067310
0.069975
0.062{35
0.0t{588

0.2105
0.20t0
0. 2095
0.20{3
0. 21 03
0.1937
0, 1 906
0.2329

I . Bl{5
2.5890
2 .8569
r.0500
3. s339
3 .5a35
2.5t62
1.13s3

16
22
56
l0
50
20
61

I
1

1

t
I
I
0

t. 5307
t.8967
3.898 1

1 .9970

\o
\n



O¡S CODE I'TDIH ÀNEA
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SîATISTICS AND PT,OTS OP ÀSSINIBOINE RIVER

PC'RîÀGE PROH 1969 10 f976

Q TE¡.íP CONC PERC62 STÀGE1 STAGE2 DsO PHI VELOC QS

712
6r6
368
290
252
?86
160
68s
a99
752
s23

1t{0
28a

2.9t
7.93
2.s0

11,{7
5.77
1 .85
2.17
2. 38
2,9t
2.80
r.2s
8.15
3.06

551.56
5s1.16
s50 .8 5
550. 29
5t8 .89
551.61
551.{t
5t9.{l
sso .89
551 .72
5t 9. B3

9.0
10.0
1f.0
12.0
11 ,5
6.0
1.0
?.0
9.0
5.0
9.5
0.0
6.0

56t
629
3r8
297
256
r89

21
351
3r0
102
283
t05
112

t28.3
t79,a
332.6
285.2
259.2
210. 0
r6.6

332,6
321.{
126. 3
270.3
3t6.5
128.2

105 .
107.
f 02.
101.
100.
95.
79.
97.
97.
87.
99.
96.
87.

I
2
3
t
5
6
7
I
9

10
tt
12
13

oBs

0.2089
0.1 98s
0.1857
0.19{7
0.196t
0.1 9t0
0,1 87a
0. 1 825

109.
112.
106.
10t.
103.
97.
?9.

1 00.
't00.
s8.

102.
100.
89.

0
0
0
0
0
0
0
0
0
0
0
0
0

QSBH

t510.af
23r3.38
1217.12
877.96
501 .6a

1668.56
8.71

7t78. {8
322{.90
265.09

2s57.59
{387.99

329.78

ST¡PE

0.000178t
0,0001780
0.0001823
0.0001809
0.000r810
0.000r839
0.0001802
0.000r80a
0.000180r
0.000182t
0.0001789
0.0001775
0.000r826

RÀI'IUS

0.87
0.93
0 .89
0 .88
0,9r
0,8?
0. 97
0.6r
0. 78
0 .96
0. 80
0,89
0.88

I{ANNING

552. 70
553 .03

588.03
588,2'l
587 . 67
586. 98
5€6.68
586. 70
58t . 58
587 .33
587. 1 6
585.51
5S6. 3 1

506.87
s85.97

0. 320
0.230
0 .280
0.3t0
0, 260
0. 260
0. 180
0.8t0
0. 680
0. 125
0. t70
0. 270
0. 360

1 .32
1.31
1 .05
1.02
0, 99
0. 90
0. a5
r.06
1,06
0.8r
I .0s

3t695. 5
33r76. 9
1 1 05t.7

731 6.3
5573.8

r 283s. 0
290. 3-

2077 3 .6
1t658.6

6627 ,2
12788.0
39890. 9

27 t8.2

POT'ER

I . 9900
9.8023
5,87{6
r,9832
I . r0s6
3.r82f
0, {551
6, 1 536
5. 98r5
2.0520
a. 86{2
7.O173
2.2176

,,.r-.r..1.ì.1

- 
,--- - :.., , i- :"j ì' !:- -

j,' ¿ ,-'' 'Ì ",:
: il:i:":"i

1 .17
0,87

DEPT1I ftP vs CI{EZT PNOUDE SHEAR

05
t6
2t
E2
58

.19

.s9

.t1

.31

.ta

.72

.58

.a6

3.90
1.28
3. 1{
2.7 t
2.51
2.1t
0.58
3.29
3. 20
t.t2
2.65
3.a5
1.{t

0.0251 r
0.02681
0, 02768
0. 02575
0.025f8
0.02s06
0.02083
0.02819
0. 02757
0.02ttr
0.02{t6
0.02603
0.01969

0.08262t
0. 086{33
0.07r930
0. 069766
0.066788
0.062196
0,032139
0.076360
0. 07s2 1 9
0.050{17
0.068167
0. 077t85
0. 050723

{9. 78
t7.t1
r3.6f
t5.83
t6. 18
t5. 20
13.75
{3.16
r3.92
50.01
17.96
t7,10
53,79

6.8267
7.t707
s. 61 r5
{.8673
t. {607
3.8683
1 . 0329
5.8309
5.6s79
2.srt9
r,6t68
6,00tf
2,5728

0, 1 857
0.21rs
0.2026
0. 1 973
0. 2308

.' '-i :'l-'r Ç'.,,i,r''
-i,.' -,--.,-. ì r :'.

: ii,.

.i.-. Þ

l

.i
:

t

\o
ot\



STÀîISTICS ÀT¡D ÞLOîS OF ÀSSTNIBOINE RIVEN

HE,ÀDINGI,EY S?ÀfION

OBS CODE If¡DfH ANTÀ Q TEIæ CONC PERC62 STÀGEÍ STÀGEz DsO PHI

f1r56 I|EDNESD^Y, t{Ày 1, 1985 I

VELOC QS
1

2
3
I
5
6
7
I
9

10
f1
12
13
1a
15

232.91
232 .7 I
232.A1
233.97
232.a9
233. 1 1

232.O3
233.51
23r,80

2 .18
2. 0r
1.?6
2 ,88
3. 31
2. 53
2.80
?.7 6
1 .81
r .86
3.9{
3,83
1 .90
2.67
3. 56

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

QSBH

118.
1 15.

1 090
990
7t2
tt7
3{3
252
690
728
r08
962
58t
517
336

1 090
511

0.93
0. 9a
0.8t
0 .88
0.85
0. 93
0 .96
0 ,91
0.86
0. 90
0.90
0, 91
0. 95
0 .89
0 ,76

258.1 1

257.85
260. 06
260. t?
2 59 .8t
2s8.51
257.88
257.6s
2s8. 09
258.9t
256.s7
2s8,26
2s6,89
259.07
260. 1 0

32190.7
2386r,5
33785. 3
217 82.1
I 75ta .0
6662 . 5

13771,3
1239r.1
7966.8

3t825.9
7568 . 6

12807.7
3338. s

32773.2
26887.6

233. 50
233.57
231.62
23t.8f
23{ . 90
233 . 36

20
18
26
2g
28

3t5 1.7
279 1.1
527 9.0
56a 9.0
592 9.0
306 r s.0
211 1 .1
197 I .5226 12.0
tt9 7.5150 1t.0
271 11.0115 26.0
3t8 7.5
609 8. 0

381.8
3a2.8
505.r
528. 6
5t2.6
3st.0
301.0
271.1
289.9
t30. 1

232.3
320,5
r98.8
375. 3
548.1

¡tP

23.
21 .
30.
32.
32.
21 .
18.
1{.
16.
25.
13.
18.
12.
20.
32.

90
8f
0t
07
09
86
77
73
78
97
65
85
58
93
tl

0.1f0
0.125
0. 188
0. 215
0.260
0,1s0
0.125
0.116
0. 102
0.1t5
0. 160
0. 09{
0.290
0.135
0,225

2
{
1

I
5
0
7

2E

oBs DEPTII SLOPI NÀDIUS HAN}¡ING vs CHSZY FROI'DE STIEÀN POWER

1

2
3
a
5
6
7
I
I

t0
11
12
13
1a
15

3.09
2.83
3 .86
3.98
t.08
2.92
2.5t
2.31
2,19
3.t3
2.0r
2.11
1,77
3.11
{.13

37.07
35. 06
37.5r
37.71
38. 60
36. 02
3a.39
33. 76
35.11
37.58
32.91
36.57
31.11
37.11
38.79

0.1620
0. 1 526
0. I 568
0.1680
0.1696
0.1595
0. 1 520
0. 1t91
0.1561
0.1 6s6
0.1t31
0.1621
0.1376
0. 1 655
0.1716

5.7932
5. 2557
7.52t3
7.806a
7 .7 931
5.6171
{ .8578
¡.sf31
r,8110
6.5s15
3.7565
5.2fs0
3.3726
6.0892
8.0029

227 t .35
1t31.87
5{05.65
2613,05
263 r .60
r65.37

1r15.
1115.

3.17
2.90
3.99
t.lt
t.22
2.99
2. 60
2.t2
2.5{
3.s3
2.08
2.77
f ,80
3.20
1.27

0.032t7
0.03383
0 .03329
0.03330
0, 03267
0.03310
0,03388
0.03r1 t
0. 03307
0. 03259
0.03{13
0.0322 t
0. 03527
0. 032r8
0.032s8

0.076r13
0. 072t96
0.0867{3
0. 08835a
0.088279
0.07{9{7
0 .069698
0,067179
0,059361
0.0809{1
0.061291
0.072215
0. 0s807t
0.07803{
0.089{59

0.0001 91 r
0.000189r
0.000r985
0.0001999
0.00019t5
0.0001962
0.000r9t8
0.00019{3
0.0001972
0.00019t8
0.0001879
0.0001962
0. 000 1 939
0.000199a
0.0001973

s, 23tt
1.277 I
? .8{60
8.3289
8.503t
a .8560
3.7280
3 .277 I
3,7511
6.38r8
2 . t261
t. r093
1 .9508
5 , 6.59
I .891 6

550 85
20
35
s9
86
69
92
06
02

3a82
756

1152
166

3605
6{ 53

-\]



Appendix C

MOBED INPUT ÀND OUTPUT

98-



1.
2.
3.
4.
t

6.
7.
8.
q

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21 .
22.
23.
24.
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52,
53.
54.
Eç

56.
57,
58.
59.
60.
61.
62.
64.
65.

25

INPUT
000011

.667 128 1 2. 50004 3200. o 307500 .00.6576 3.6576 3.6576 3.6576.7244 4.7244 4.8768 3.5052.3528 3. 3s28 3. 3528 3. s8 1 4
. 5814

99
1.000 41500.000
9.8 1 0 0.000 0.000 0. 003.6576 4.8768 4.8-r684.1148 4.1148 3.35283.5814 3.5814 3.5814

3

4
3
3

300.0000 300. ooo0
300.0000 300.0000
300. 0000 300.0000
300.0000
378.0754 374. 1 034
34s.2336 341 .2616
314.8302 310.8583
282.8266

1950 30 1

.1000E+04 .1550E+04
.40
300.0000 300.0000
300.0000 300.0000
300.0000 300. 0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300. oooo
300.0000 300. 0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300. 0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300. 0o0o
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
300.0000 300.0000
286.4080 286.4080

300.0000 300.0000
300.0000 300.0000
300. 0000 300.0000

370.1314 366.1598
337 .1375 334,5372
306.8865 302.6860

300.0000
300.0000
300.0000

300.0000
300.0000
300.0000

300. 0000
300.0000
300. 0000

362 ,1884
329.955?
298,7141

356 .997 2
32s.9838
294 .7 422

353 .0252
322,7't42
290 .?'7 04

.1 5008-03 .1 2508-03 .1 0o0E_05

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
286.4080

300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
286.4080

300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
286.4080

300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300. 0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000

300. 0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300. 0000
300.0000
300.0000
300. 0000
300. 0000
300.0000
300.0000
300.0000
300. 0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000
300.0000

286.4080 286.4080



100
66.
67.
68.
69.
70.
71.
72,
?3.
74.
75.
76.
7?.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102 ,
103.
104.
105.
106.
107 .
108.
109.
1'10.
111.
112 .
113.

286. 4080
286.4080
286.4080
286.4080
286. 4080
286.4080
286.4080
286.4080
286. 4080
286. 4080
286.4080
286.4080
286.4080
286.4080
286. 4080
286.4080
286.4080
286.4080
286. 4080
286.4080
286.4080
285.4080
286.4080
286.4080
286.4080
286. 4080
286.4080
285.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
285.4080
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
10.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000

286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
286.4080
286.4080
285.4080
285.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
286.4080
286.4080
286.4080

1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000

286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
286.4080
286.4080
286. 4080
286.4080
286.4080
285.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
285.4080
286.4080
286. 4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080
286.4080

1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000

14.
15.
16.
17,
18.
19.

286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
285.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
285.4080 286.4080
286. 4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286. 4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286. 4080 285.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
1 0.00000 1 o.0oo0o
1 0.00000 1 o.0oooo
1 0.00000 1 0. ooo0o
1 0.00000 1 o. ooooo
1 0.00000 1 0. o0ooo
1 0. 00000 _1 o. o0ooo
1 0.00000 1 o. oo0oo
1 0.00000 1 0.0oooo
1 0.00000 1 o. ooooo
l 0.00000 1 o. ooo00
1 0. 00000 1 0.0ooo0
1 0.00000 1 0.00000
1 0. 00000 1 0.0oooo
1 0. 00000 1 o.0oooo
1 0.00000 1 0.00000
1 0. 00000 1 0. ooooo
1 0.00000 1 0. oo00o
1 0.00000 1 0. ooooo
1 0.00000 1 0. ooooo

286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 285.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
285.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286 .4080 286. 4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286. 4080
286.4080 286.4080
286 . 4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286. 4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
285.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 286.4080
286.4080 285.4080
286.4080 286.4080
1 0. 00000 1 o. oo0oo
1 0.00000 1 o. o0oo0
1 0. 00000 1 o.00oo0
1 0. 00000 1 0. 0oooo
1 0. 00000 1 o. 0oo0o
1 0.00000 1 0. ooo0o
1 0.00000 1 0. ooo00
1 0. 00000 1 0. oooo0
1 0.00000 1 o.00000
1 0.00000 1 0.00ooo
1 0. 00000 I 0.0oo0o
1 0.00000 1 0.00000
1 0.00000 1 o. oo0oo
1 0.00000 1 o. oo0oo
1 0.00000 1 0. oo0o0
1 0.00000 1 0. o0ooo
1 0.00000 1 0. oooo0
1 0.00000 1 0. o0o0o
1 0. 00000 1 0. 0oooo

120.
121.
122 .
123 .
't24.
125 .
126.
127 .
't28.
129.



101

30.
31.
J¿.

33.
34.
35.
35.
)a

1 0.00000
r 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
21

1 0. 00000
1 0.00000
1 0.00000
1 0.00000
10. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
0.010000

1 0.00000
1 0.00000
1 0.00000
10.00000
1 0. 00000
10.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
10.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1.000000

1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
10. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
0.000000

1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0. 00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0. 00000
1 0. 00000
1 0.00000
1 0.00000
0. 0 1 0000

1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000

1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0.00000
1 0. 00000
1 0.00000
1 0.00000
1 0.00000
10.00000
1 0.00000
1 0.00000
1 0.00000
10.00000
1 0.00000
1 0.00000
1 0.00000

138.
139.
140.
'l 41 .
142 .
143 .
144 .
145.
146.
14't .
148.
149 .
150.
'1 51.
152 .
153.
154.
155.
1 56.
157 .

1 .000000 0.000000



1

2
?

4
5
6
7
I
9
0
,l

x1
GR
GR
GR
GR
GR
x1
GR
GR
GR
GR
GR
X1
GR
GR
GR
GR
GR
GR
GR
GR
x1
GR
GR
GR
GR
GR
x'l
GR
GR
GR
GR
GR
X1
GR
GR
GR
GR
GR
GR
x1
GR
GR
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VALLEY SLOPE SINUOSITY R¡JLATIOIISHIP

VALLEY
so-FE-

.ooo33

.000t2

.0010¿+

.0003 Ê

.001 5 I

. ooo60

.ooo22

.0003 I

. oo0301r

106
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REACH
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PORTAGE LA PRAIRIE TO
RCSSENDALE
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HWY. ?59

HVty. ?5È, T0
R.M. OF SOUTH CYPRESS BOUNDARY

R.M. OF SOUTH CYPRESS BOUNDARY
TO BRAIVDON
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I4INIOTA

}{INIOTA TO
RUSSELL

RUSSELL TO
SHELLMOUTH DAM



TABLI] 2

SUI.4MARY O}' STATION CHARACTERISTICS

STATTON UPSTRE AM OBSTAC LES ÏII\JSTABLE
IN FLOW EA
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UPSTREAM
IEÏBIIT]FID

NON I
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VARI.ABLE

QSBI'4 ( tonnes,/day )
VS.

Discharge (cms)

Velocity (n/s)

Depth (rn)

Froude number

l"ianningr s n

Tractive Shear

Stream Poler (tt,/ms)

0"S ( tonnesr/clay )
17 Õv Ða

Discharge (cms)

Trac tive Shear (ll/nz )

Strearn Pol'¿er 1 1,,i/ms )

Shear Velocity (n/s)

Depth (m)

TABrE f

TION cr^U JT OLLA}ID

RJILAT]Oì{ SHIP

102.21 4(Q)o'6508

-1 497 .3+Z 4oo3.BLOG1 o 
( v)

- 1 26. Z+ i 6BjO . SLOG 10 
( D)

130,6(r'¡-e '853

? 1g .7 2*, O36 
(n)

-BB2, 6+t75BO,6LOG,,O (.f )

?7?.09(Po)o'B9

1?1.5(q)o.B

1733(r)1 .25

1446. '12(Po ) 
1 .20

A)
9.7x1ob(v* )2'5
7OOB.1 (D) 1'21

108

R.SCUARJI])

0. Bg

o.g3

0. Bg

o,65

vt /4

0. 85

0. Bg

o.65

0. 46

o. 58

0. 46

0.44



TABLirl 4

RIII,ATTOI'IS]]IPS,A TPORTAGTI Bll lr0rìE 1969
iìrtl,ATI0ilSH I P

o.or4.?( Q) 
1 .89

1677.9(v) 6'54

1).t¡Z)x1OO'BJ(D)

1 ,1JZx1036(v ")
1B.oBx1 oo.26(r)

24.31r(ro ¡ 2' o6

1 .962çç71 '636

1 4g2O .7 (V ¡5 ' 6e

1690.06 (¡t)2'3t

1 ,z6x1o9(vru ¡4.73

1oz. r(r)2.37
384.89(1'o )1 '79

109

R-S0U^r.¿Jr)

o.72

o.62

o ,71

o.71

o,71

o.72

o.7B

o,66

Ut /b

o,76

o,76

o.7g

VAIìf lt^BLll

qsBl'i ( tonne s/ day)
VS.

Discharge (cms)

Velocity (n/s)

Depth (m)

Shea.r VeJ-ocity (rn/ s)

Tra.ctive Shea:: (lI/nZ)

Stream Pov¡er ( l',I/ms )

(ì,S ( tonnes,/day )
VS.

Dischar6e (cms)

Veì. o c 1ty (rn/ s)

Depth (m)

Shear Velocity

Tra.ctive Shear (Ti/nz)

Stream Poiver. (Vms)



VA,iìI/rBL.rÌ

Q,SBi"i ( tonnes,/day )
VS.

Discharge (cms)

Velocity (m/s)

Depth (m)

Shea:: Velocity (n/ s)

T::active Shear (l'f,/m2)

Stream Power (¡1,/ms)

ES ( tonnes/d.ay )
1r r--v rJa

l)isc h¿',.rge ( cms )

Velocity (n/s)

Depth (m)

Shear Veloclty (n/s)

Tre.c tive Shear (tl/nz)

Strea.m Power ( l'lr/rns )

TABL]T 

'

AT PORiI]AGii ,¡L L)1r-\ I

1ìlìLATIOi'i,3llII,S

0.064 (Q.)1 .76

1O?6.4.0(V¡Þ.Bt

?1 ,O2( n) 2'B9

1ô ri o1.Olx1O'"(rJn)t',

13.16(r)2,9'7

56.60(po ) 
1 '99

I zf
5.67 (q)''-"
1o5g2.5(v) Lt '51

12?5(D)2'22

z.j3x1o9 (v* ¡4'55

i,j.?(r)2'28
1071,5(Iro )1 '53

110

R-SOUAllì,ll)

u. cì()

0. 89

UrÕÖ

0. 8E

U ¡ Crt)

0.90

a\ OO\f ¡ (-) ()

0. Bg

U. Õó

U. Õ0

O. BB

0. Bg



TAB],U 6

RN LAT I qNSHJ PS " AT-I.IB A DI ].IGL-ET

VARIABLE RE¡ATI9NSHI j)

QSBI'í ( tonne s/ day)
VSr

Discharge (cms)

Velocity (m/s)

Depth (m)

,Shear Velocity (n/ s)

Trac tive Shear (tt¡yn?-¡

Strea.m Poïúer (N,/ms)

Froude I{umber

Q.,5 ( tonnes,/day )
Vi)o

Discheirge ( cms )

Veì.oci-ty (m/ s)

Denth (n/ s)

,Shear Velocity (m,/s)

Tractive Shear (tt/n?)
Stream Por'¡er ( I'í,/ms )

li'roud.e lVumber

o.og43ça77 ,39

2914 ? ft)q.'50

40 .45ç o¡3 ' zB

2,356x1010(v*)6.40

,.gg (T)3'20

?g.15(po) 1'86

J, L¡Bx1o11 (!)1 2'97

31 .38( Q) 
1 '08

2391 1.4( V) 2. BB

1 51g ,O3(D)2.1 1

6. I Bxl 05( v* 14'09

4rB.4s(T) 2'Q5

237(t 84(i)o )1 't9
6.ogxto1o( r¡B'25

111

R-S0UAIìiiD.

o,73

o.74

o.73

ôn)v) I L

/.ì rl)
vc(L

An7vt()

U.1l

o.rg

0.60

0. 60

o.58

o. 5B

o.rc)

n|¡-,va/(
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TABLE 7

SEDIFIIJNT TRAI{SPORT COI.{P A1ìI,SO}T

PORTAGE STATNTON

Date Discharge (cms) s;ediment discharge (Tonne s/c)ay)'r'/.S.C. Ackers-iïhite Colby
17/04/68 76 24813/04/66 182 1rB'
19/04/65 217 lglt29/ot+/74 351 74?B
I Bf etl6g_ q64 4?29

1345
fooo
6t97
37BB

17 178

I BBB
4Bt3
3963
708 1

21 285
AViiÌì1LGlt 278 3204--W

IIO],T,AN]) STATT oll
31 /or/72
22/04/72
01 /05/75
2r/o 76

74
bb

tt6

6
4
2
0
o

13
31
53

129

1 3O2
12016

,798
19468
311O3
25867

34ro
19329
27476
401+BB

22
50

o
iJ

)1

91
8200

o

H j:IADINGLtIY STATl0l'l

7
6
o

,

2
1

1

1)
I

6
6
6
6
()

6/o4/
1/o4/
4/or/
9/o4¡

22,1
2'7A

306
345

,66
1 372

455
23BB

2763
2317
3203
4703

362t
17>7tQ
716'7 ()// r /
671 4

2 12
A it 50 oI



Reìationship
Q5g¡4 vs

Table B K-Factor vs. measured data comparison at Hoiland

K-Factor ReJation p2 Measured Retation ¡2
F-Test for Siqnif
different ( õ =

icant
01)

Froude Number

llanní ngs n

Ve'l oc i ty

Di scharge

Shear Velocity

Tractive Shear

l.lean Depth

Power

NONE

NONE

NONE

77.309 1q¡0.6924

NONE

NONE

NONE

382.204 (no¡1.ttS 0.57

130.6 (r)-2.8533

tt9.724 x 1036.1(n)

-1497.32 + 74003.8a L0G1g(V)

102.2t4 1q¡0.6508

-8018.372 + 164471 (V*)

-8882.561 + 17580 .60 L0G1g(t)

- 126.24 + 16830.36 L0G1s (D)

777.0888 (Po)0.890

g2

0. 64

0.67

0.51

0.65

0.7 4

0.93

0.89

0.87

0.85

0. 86

0.89

D I FFIRENT

DI FFERENT

DI FFERENT

SAME

DI FFERENT

D I FFE RENT

D I FFERENT

SAME

Di scharge

Power

COMBINED DATA

80.6362 (a)0.68596

423.753 (Po)1.092

\N



Table 9 Statistics at the portage statfoncomparison of before and after construction"of reservoir (196g)

Relationship
Q5g¡1 vs.

Di scharge

Depth

Veìocity

Power

Shear Velocity

Tractive Shear

Relationship
Q5¡lgvs .

a

Before 1969 p2

0.0547 1q¡1.8868 0.72

19.429 190.8318(D) .tr
1677 .87 (v ¡6. 5386 .62

24.336 ( Power)2.059 .7 z

i.13167 * 1936.055(V*) .tI
18.0844 * 100.2632 ¡r¡ .71

Combined Date gZ

F-test for significant
change (o =.01)

After 1969 p2

0.063e7 1q¡1.7632 0.88

71.0194(D)2.8873 .88

1076.40 (v¡5.810 .8e

56.600 (Power)L.9867 .90

1.0482 x 1010 (V*)5.9342 .66

13.1649 (r)2.96tt .88

SAME

D I FFE RENT

SAMT

DI FFERENT

DI FFERINT

D I FFERENT

V

0. 1332 1q¡ 1.673

127e (v)5.743

0.80

0.77
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SfÀTISTtCS AND PLOTS O? ÀSSINIBOINE RTVER

PORîÀGE BEPORE 1969

PI¡T OF OSBHTFNOUDE SYI.IBOL USED IS O

00

50

2

7

5

s
u
s
P
E
N
D
B
D

B
I
D

r
A
T
Ê
R
I
À
L

T
o
N
N
E
s

D
À
I

00

0

0
25

00

750

s00

2s0

0

0

0

0 0

0

00

0

0

0

0
0 0

0

00 0
0 00 0

-+-------+ ------0.168 0,17{ 0.180 0.r86 0.192 0.199 0.20a
---- -+- - - --- - + - -- - -- - + - - --

0.228 0. 23t 0. 2{0 0.2a6 0.252 0.258
--+---

o -222

[iÉ;. 79 Qí.i.iii'í VfJ. I'1ìOtlL)ì] ]lUl'[Bli]1? AT PORI|^Gli .UlìtrOiìtrì 1969

0.210 0.216

TNOUDE NUUBER

Lr



E 10000
N
I

s
u
s
P
E
t¡
D
E
D

s
E
D
I
x

L
o
À
D

a
s

T
o
N
!¡
B
s

D
À
I

6000

000ta

20 00

0008

0

0

0

0

0
0

0

0

0

S1ÀlISTICS AI¡D PIOTS O' ASSINIBOINE RIVEN

PORÎÀGE BEIORE 1969

PLOî OF QSiSÍÐPE SYHBOL USED tS 0

1l:17 THURSD^Y, JtNE 20, 1985 82

1 969

0

60

0
0

0

0

0
000 0{

200
00

0

000
0

SI,OPE

NOTET I OBS I{IDDEN

Tli r¡ Al): -r_t) a vv
rì cr \f (:.
',:) V¡J. SLOr'Z .rrT j.rorlìiihG.I RlilloLì],ì



11t17 IHURSD^Y, JtNE 20. 1985 'r0

s
U
s
P
I
N
D
B
D

6000

000

-+----+----+----+----+--0 10 20 30 r0

STÀÎISTICS ÀTD PIOTS OP ÀSSINIBOTNE RTVEN

PORTÀGÊ BEFONE 1969

PLOT OP OSTQ STXBOL USED TS O

0

0

0
0

a

0

B
D
I
H
E
N
I

L
o
À
D

0
s

T
o
N
N
I
s

D

Î
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