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SYHNOPSIS

This report presents, in detail, the hydraulic investigations and
design studies carried out in connection with the Red River Floodway together
with a general description of the physical features of the project. In
addition, a brief summary of previous investigations is included, together with
descriptions of the basic features of related flood control projects on the
Assiniboine River. Plates relating to the Floodway and hydraulic designs are
presented and include hydraulic relationships for the computation of water
surface elevations, through the City of Winnipeg, for all cambinations of

flow.
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ILTRCDUCTION

Glacial Lake A-assiz was created over what is now the Red River Valley
during the retreat of the Pleistocene ice sheet until further recession opened
up drainage through the Nelson River System. Flowing northward, to Lake
Winnipeg, the Red River traverses the former Lake bed with a characteristically
mild slope of approximately one-half foot per mile., The capacity of the River,
which is approximately 40,000 c.f.s. at Emerson and 70,000 c,f.s. at Hinnipeg,
is frequently exceeded, during spring runoff, resulting in widespread flooding
of the adjacent plains. At Winnipeg, the Red River, with a drainage area of
48,000 square miles, is joined by the Assiniboine River with a drainage area
of 63,000 square miles. Disproportionately, however, the Assiniboine River
contributes only 20% of the total flood flow.

Three major floods occurred during the early period of settlement

of the Red River Valley.

Y, Year Estimated Discharre

| 1826 225,000 c,.f,.s,.
1852 165,000 c.f.s.
1861 125,000 c.f,s.

During subsequent years, as development of the Red River Valley and
Greater Winnipeg increased, only minor floods were experienced. It was not
until the 1950 flood occurred, with a peak discharge of 103,600 c.f.s., that
the damage potential was fully realized, Efforts were then initiated to find
a solution to the flood problem culminating in the decision to proceed with
construction of the Red River Floodway together with flood control works on

the Assiniboine River.
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The purpose of this report is to present, in detail, the various
hydraulic studies carried out for the desisn of the hed Hiver Floodway.
These studies were primarily concerned with:

1. The computation of water surface profiles through Greater ./innipeg,
for all floods, both under natural conditions and with the flood
control works in operation;

2. The establishment of basic design criteria for the Floodway
and Floodway structures; and finally,

3. The design of the Floodway and ancillary works with the
exception of the inlet and outlet control structures which
vere designed by H.G. Acres and Company Limited and are
discussed in separate reports.

In general, the Floodway location and capacity are in accordance

with the recommendations made by the Royal Commission on Flood Cost-Benefit

to the Gepvernment in 1958. The Camnission estimated that the Floodway and
Assiniboine River Projects would, in combination with the Greater Winnipeg
dyking system, provide almost complete protection to the Greater Winnipeg Area
against floods of up to 169,000 c.f.s. in magnitude, as measured below the
confluence of the Red and Assiniboine Rivers, and which would be equalled or
exceeded, on the average, once in 161 years. Individual projects, other than
the Floodway, are discussed briefly in this report insofar as they affect the
Floodway design.

Considerable data was collected and prepared during the previous

studies, particularly by the Red River Basin Investigation. This material was

reviewed and utilized to a large extent for the Floodway design, thus forming

an integral part of the hydraulic studies,
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A BRIZF OULLIN: OF PR&VIOUS LiVesSilGATIONS

The capacity and design of the Red River Floodway has been influenced
to a large extent by previous studies on the Red and Assiniboine Rivers, nolably
by the Red River Basin Investigation and the Royal Commission on Flood Cost-
Benefit. DBesides the extensive hydrologic and hydrometric data collected
during these investigations, the studies resulted in recommendations as to the
projects to be incorporated along with the Floodway into a flood control system
for the protection of ..etropolitan Winnipeg. In addition, the Commission
recommended capacities for the individual projects so that in combination they

would economically provide the required degree of protection.

The Red River Basin Investigation (::

The Red River Basin Investigation, Water Resources Division, Engineering
and Water Resources Branch, Department of Resources and Development of the
Governmeqp of Canada, was formed following the 1950 flood, to investigate
measures ﬁhich would reduce the flood hazard in Winnipeg. The investigation
included:

1. An hydrologic study of past floods and preparation of flood

frequency curves;

2. MAnalysis of runoff, in the Red River Basin, to determine design

floods; and

3. An investigation of a {easible flood forecasting procedure.

4. Preliminary designs and cost estimates, for design floods of

various magnitudes, for the following basic types of flood control

works: C
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{a) Channel inproveuents;
(b) Diversions;

{(c) Dykes;

(d) Storage reservoirs.

The flood stage reduction in Winnipeg was determined for each of the
works separately and for combinations of the works.

The results of the studies were presented in the Red River Basin
Investigation report dated October 1, 1953. Appendix H of this report contains
the main report prepared by the Prairie Farm Rehabilitation Administration
(P.F.R.A,) Department of Agriculture, Govermment of Canada, which carried out

a similar study on the Assiniboine River,

The Royal Commission on Flood Cost-Benefit
The Royal Commission on Flood Cost-Benefit was est blished by the

Province of lanitoba in December, 1956, to compare costs with the benefits
which woﬁid accrue fram the flood control works investigated by the Red River
Basin Investigation or from any other beneficial measures, and to make recom—
mendations as to which measures should be implemented. The Commission submitted
the results of the study to the Province in a report dated December, 1958, in
which the following projects were recommended:
1. A 60,000 c.f.s. capacity floodway around Winnipeg;
2. A 25,000 ¢,f.s, capacity diversion of the Assiniboine iiver
from Portage la Prairie to Lake lianitoba;
3. A storage reservoir on the Assiniboine River near Russell,
lanitoba.
The Commission estimated that the capital cost of these projects

would be $72,483,000, with a benefit-cost ratio of 2.73. These projects
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would provide aluiost coiiplete protection for the Gity of .iinnipeg within the
main dyking system against a flood of 169,000 c.f.s., as measured below the

confluence of the Red and Assiniboine Rivers, with a frequency of occurrence
of about once in 16l years,

Following the Commission's recommendations, additional studies were
begun on each of the individual projects, These studies have led to some
modification in location, design and operation of the preliminary designs;
however, the capacities and function remain the same as those recommended by
the Cawmission, The locations of the recommended projects are shown on Plate 1,
Appendix A.

The capacity and design of the Red River Floodway, which will be the
most effective of the recommended flood control works, are affected by the degree
of protection required for Metropolitan Winnipeg and by the existing and proposed
flood control works on the Red and Assiniboine Rivers. Since these works will
form an integral part of the flood protection programme, they have been con-
sidered ;s canpleted projects with the operation of each project co-ordinated
with the others by means of adequate flood forecasting and implementation of
controls to provide maximum protection for Winnipeg. A brief description of
each of the projects is included insofar as design of the Floodway is aff;cted.

Greater Winnipeg Dyking: Following the 1950 flood, a dyking system
was established to provide a measure of protection for the Greater Winnipeg
area with all construciion co-ordinated under the Greater ./innipeg Dyking Board.
This systen, enclosing the Red, Assiniboine and Seine Rivers, consists of
broad boulevard dykes in low lying sections; lines of defence; pumping stations;

and established borrow areas from which material can be obtained for emergency O
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dyiking. 1he dyke prolile was established approximately four Ieet below the

maxiiain: 1950 water surface profile., The dyke elevation at the James Avenue

punping statlion is 26.5 feet above the City of innipeg Datwn, the zero of

vwhich corresponds at this location to elevation 727.57 Geodetic Survey of

Canada Datum, 1929 adjustment. Provisions were made in the systen to pemiit

raising the dykes up to four feet higher by means of temporary, emergency dyking.
:odifications have been made to the city dykes since initial con-

struction and a survey ol the complete system was carried out in 1961 by the

Jater Control and Conservation Branch to detemmine the existing dyke profile

Irom vhich the safe carrying capacity of the Hed River could be established.

For this prupose, the elevation at Redwood Bridge provides an adequate reference.

The dyke elevation at Hedwood Bridge is 752.5., Allowing one foot of freeboard,

the sale capacity of the river, under natural conditions, is 80,000 c.f.s.

Four feet of emergency dyking would increase the capacity to 102,000 c.f.s. or

approx:‘.mﬁtely equal to the 1950 peak discharge of 103,600 c.f.s. The safe

capacity of the Red River would be reduced, however, when the Floodway is in

operation, by the backwater effect extending upstream from the Floodway outlet

at Lockport.

The Portage Diversion: Investigations on the Portage Diversion subsequent

to the Commission's recommendations have led to selection of the Fort La Reine
Route rather than the Hish Bluff Route recommended by the Commission. The Fort
La Reine Route leaves the Assiniboine River just west of Portage la Prairie
following a more or less straisht route north to Lake .aniloba. The primary
purpose of the diversion is to reduce flooding between Portase and “Winnipeg

and to effect a reduction in flood stages in VWinnipeg.
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Controls on both the river and diversion will permit part or
conplete diversion ol up to 25,000 c¢.f.s., frou the Assiniboine River. ihen the
25,000 c.f.s. desizn capacity ol the diversion is reached, excess flows will
be passed dovm +the Assiniboine River.

The Shellmouth Heservoir: The Commission recommended a storage

reservoir on the Upper Assiniboine Hiver near Russell, ilanitoba which would;
reduce flooding dovmstrean:, particularly in the Brandon Arer; reduce flood peaks
at Portage la Prairic and .innipe;; and provide storage for water conservation
purposes. Investigations carried out by the P.F.R.A., Tollowing the Commissionts
studies, indicated a more favourable location farther upstream near Shellmouth,
hanitoba, which would have essentia lly the same storage capacity and design
requirements as the original site. C
A conservation storage of 340,000 acre-feet would provide a dependable
flow of 40O c.f.s, It is estimated, however, that irrigation, domestic and
industriq} requir ements will not reach this demand until the year 2000. Initially,
therefore; the conservation level of the reservoir has been reduced and the
storage allocated as shown in Table I, for the purpose of flood routing studies.
TABLE I -~ SHELLMOUTH RESERVOIR - ASSUMED ALLOCATION OF STORAGE

Storage
Elevation Acre-feet Allocation of Storage
Invert of conduits 0
Conservation
1388 150,000
Conservation and flood control
1404 340,000

Flood control
1410 Spilleay Crest Elev, 430,000

O
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HYDRAULIC INVESTIGATIONS PERTAINING TO

THE RED AND ASSINIBOINE RIVERS

Hydraulic investigations were carried out to establish, for
design of the Floodway, the conditions which would exist for all floods
both under natural conditions and with the recommended flood control
works in operation. In addition, the studies established, in part, the
basic criferia for the inlet and outlet structures for the Floodway. To
a large extent the investigations were a review and extension of the

hydraulic studies made by the Red River Basin Investigation.

Flood Frequency Curves.

Included in the Red River Basin Investigation studies was the
preparation of flood fregquency curves for the Red and Assiniboine Rivers.
The Red River Basin Investigation estimated flows for the historic floods
of 1826, 1852 and 1861 by reconstructing the water surface profiles from
the available records and combined them with the 69 years of records for
the period 1875-1951 to produce a frequency curve for the Red River peak
flowsfbelow the confluence with the Assiniboine River. Since an accep-
table ;urve could not be constructed by the usual mathematical methods, a
curve was drawn '"by eye" through the points plotted on logarithmic paper.
Because of the method of construction used, the frequency curve would not
be improved by addition to the records of the relatively low flows exper-
ienced since 1951 and was accepted as the best interpretation of the
available data. The flood frequency curve for the Red River below the
confluence with the Assiniboine River is reproduced on Plate 5, Appendix B.

The Red River Basin Investigation prepared a floed frequency
curve for the Assiniboine River at Headingley, Manitoba, based on 39 years
of record for the period 1913-1951. Although this frequency curve was

not used in connection with Floodway design studies, it is reproduced on
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Plate I, Appendix D for comparison with flows obtained from the corre-
®)
lation, between the Red and Assiniboine peak flows, discussed in the

following section.

Correlation Between Peak Flows on the Red and Assiniboine Rivers.

The Assiniboine River joins the Red River in Winnipeg just
below Norwood Bridge and, on the average, contributes approximately
20 percent of the flood peak in the City. The amount of Assiniboine River
contribution to Red River flows is complicated by the fact that at flows
approaching 20,000 ¢.f.s., the Assiniboine River overflows, in the
reach between Portage la Prairie and Headingley, forming a large storage
basin south of the River. A portion of the overflow flows south via the
Riviére Sale, joining the Red River at S5t. Norbert, approximately one
mile below the Floodway inlet., The remaining portion of the overflow
ultimately drains back to the Assiniboine River after the peak has passed. (::)
Although some time lag would be involved in reaching the Red River at St.
Norbert, the overflow could contribute to the Red River peaks because of
the cémparatively flat flood hydrograph of the Red River. The Assiniboine
River contribution to the Red River peak isg therefore, made up of the flow
at Headingley plus the portion of overflow which reaches the Red River via
the Rividre Sale.

The P.F.R.A. developed a relationship between Assiniboine River
flows at Portage la Prairie and Headingley by using the available records
and by routing flood flows through the reach; the difference between the
flows at the two locations being the overflow which would go into storage.
A relationship between the total overflow and the portion which would
contribute to the Red River peak via the Riviére Sale was developed by the

engineering consultants for the Royal Commission on Flood Cost-Benefit and
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is reproduced on Plate 5, Appendix D. Based on limited recorded

data under low flow conditions, the extrapolated curve is largely
hypothetical but has been accepted since possible inaccuracies would not
materially affect the water levels determined using the relationship, The
two relationships discussed above were combined to obtain the relation-
ship, between flows at Headingley and total Assiniboine River contri-
bution tc the Red River, shown on Plate 3, Appendix D.

The Assiniboine River will contribute a varying percentage of
the peak flows,on the Red River at Winnipeg, depending on the degree of
coincidence and magnitudes of the floods in the respective drainage areas.
Under natural conditions and for a particular flood, the water levels,
through the reach controlled by the Floodway would be relatively unaffec-
ted by the distribution of flows since the short backwater profile, from
the junction of the Assiniboine and Red Rivers to the Floocdway inlet,
would correspond approximately to the natural profile obtained if all
of the flow originated on the Red River. The effect on the water levels
downstream of the Floodway inlet would be significant, however, when the
Portaée Diversion and Shellmouth Reservoir are considered in operation
since, in general, these works become more effective with an increase in
the size of the flood. A correlation between the peaks on the two rivers
is required, therefore, in order to select the probable Assiniboine River
contribution to any flood peak on the Red River.

Although correlations between the Red and Assiniboine Rivers
peaks were developed during previous investigations, a new correlation
was prepared which would be suitable for design purposes; take cognizance
of the overflow contribution via the Riviére Sale; and, include the

additional available records. The relationship between the peak flow on
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the Red River below the confluence with the issiniboine River, referenced
for convenience at Redwood Bridge, and :he contribution from the Assiniboine
River was determined by fitting a line, by the method of least squares,
through the plotted positions of the 49 years of records available for the
period 1913-1961l. The relationship is shown on Plate 2, Appendix D and is

explained in more detail in Appendix .

Local Inflow

Approximately 80 percent of the flood flows on the Red River originate
in the United States, south of Fmerson. The remainder of the flood is
contributed by the drainage basin, between Emerson and VWinnipeg, which
contains several small tributaries. The magnitude of this local inflow and
coincidence with the main peak depend on the climatic conditions prevailing (;>
at the time of break-up. Since the Red River flows in a northerly direction,
break-up generally begins in the upper watershed and the flood crest moving
northward coincides with the peaks on the tributaries which enter from the
east and west. Studies by the Red River Basin Investigation indicated,
however, that the more severe floods tend to occur when there is a late
spring break-up. Under these conditions the break-up is more rapid and basin
wide with the result that peaks on the tributaries are receding by the time
the flood crest on the Red River has advanced northward.

With the exception of the Assiniboine River flows, local inflows
to the Red River in the Winnipeg area have been disregarded in the hydraulic
studies, Flows on the two remaining tributaries, the Riviere Sale and Seine

River, which enter the Red River upstream of Redwood Bridge, are considered (:j
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insofar as they are included in the recorded flows at this point and in the
flood frequency curve, Uo attempt was nade, therefore, to correlate the flows
since conditions will remain essentially the same when the Floodway is in
operation. The Riviere Sale, entering the Red River just below the Floodway
control structure, has a minor effect on water surface elevations,for any
part leular flood, and has been disregarded except for the amount of Assiniboine
River overflow which would be carried. Seine River flows will enter the
Red River, upstream of the Floodway inlet, under design flood conditions,
A portion of the flow, if the Seine Hiver is at flood stage, will be diverted
by the Seine River diversion between Ste. Anne and St. Adolphe and the
remainder of the flow will join the flood waters from the Red River which
will extend across to the Seine River upstream of the Floodway under design
flood conditions. At lower stages, when there is no connection between the
two rivers, Seine River {lows will be permitted to enter the Floodway at
the point, of intersection.

.Correlation of the runoff from the ungauged local areas was not
attempted because the small area draining into the Red River, within the
reach affected by the Floodway, would have an insignificant effect on the
total flow and computed water surface elevations. Local runoff had to be
considered, however, in the design of a drainage system along the Floodway

and is discussed in a subsequeni section on drainage.

The Rating Curve at Hedwood Dridre

Redwood Bridge, located across the Red River approximately three

and one-half miles dowmstream of the confluence with the Assiniboine River,
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was selected as 2 rauging station in Ausust, 1912. Daily rauge readings
have been taken since that time. By combining discharge measurements taken
in 1922 and during the 1950 flood, a rating curve was constructed for this
location applicable to open water conditions with the St. Andrews Dam at
Lockport open. The rating curve was extended above the highest metered
discharge of 103,600 c.f.s. by the Red River Basin Investigation which
extrapolated the curve through the points representing the reconstructed
floods of 1826, 1852, and 1861,

Discharre neasurements niade at the section, subsequent to 1950,
indicated a progressive shift of the rating curve to the right reaching
& maccimwz in 1956 and remaining relatively constant since then. The extent
of the shift represents an increase in the carrying capacity of the Red
River of approximately 5,000 c.f.s. between 1950 and 1956. <:)

Before any hydraulic designs could be carried out, it was necessary
to establish whether the increased capacity of the Red River was a permanent
effect wﬁich should be considered in the hydraulic studies and designs.
Possible causes for the shift were examined in detail as presented in
Appendix . No satisfactory explanation was found, however, and the
ultimate decision was to adopt the Red River Basin Investigation curve for

design purposes.

Baclomter Computations

Water surface profiles, for the reach of the Red River between
the Floodway inlet and outlet, were required in order to establish criteria
for the design of the Floodway and Floodway inlet and outlet structures.

Relationships were required which would permit determination of water surface <:)
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elevations voth under natural conditions and with all flood control works

in operation. Lecause of the varying Assiniboine itiver constributions and

Floodway flows, backwater computations had to be utilized Lo develop the relation-

ships from which the water surface profiles could be calculaied for all
combinations of flows. The methods used in the backwater siudies were dictated
by the available data and variations in different reaches of the river. For
the reach of the river,between the Floodway outlet and Norwood Bridge, at the
confluence of the Red and Assiniboine Rivers, ~aure records were available and
a direct wethod of couwputation was used utilizing the available rating curves.
pstream of Horwood Bridge, the standard step and reach methods were used in
order to take into account the backwater effects {ro. the Assiniboine River and
the greater p tion of overbank flow. The results of the backwater studies
are presenved in Appendix C and the reader is referred to this section for a
fuller description of the derivation and use of the various backwater relation-
ships.

‘igp;gg: Flows and water surlace elevations have been computed
and summarized in Tables 1, 2, and 3, Appendix A, for all floods and various
Assiniboine River contributions, under both natural and controlled conditions.
Tabulated results at the Floodway outlet and inlet are presented in graphical
form on Plates 15 and 16, Appendix A so that for any particular flood condition
elevations can be deteraiined directly. The tabulated values are based on the
following asswaptions rezarding operation of ‘he flood conirol works:

1. That there would be an initial storage of 150,000 acre feet

in the Shellmouth Reservoir.
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2 It has uLeen asswred Lhat the Porta;e Diversion would be obnerated
a: all “loods. However, when peaks are velow flood stare in
!inniper the Portase Diversion would not necessarily bLe in operation
unless it were desirable Lo divert flood waters into Lake ilanitoba
for storage or to reduce the possibility of ice jaws occurring
along the Assiniboine Kiver downstream ol Portage la Prairie.

3. I has been assumed that the water surlace elevation upsirean
ol the siructure would be deteriined on the Lasis of natural
conditions and average Assiniboine iiver coniribution. Thus, the
resuliing Floodway discharges are vased on average conditions
regardless of the relative magnitude of the Assiniboine River
contribution. In actual operation it is expected, however, that (:)
the inlet elevations would be computed on the basis of the
actual Assiniboine River flows,

Accuracy: The tabulated flows and water levels are presented to the

L

closest oﬁé hundred e¢.f.s. a2nd one hundredth of a foot respectively in order
that a certain wniformity would result from the use of the various relation-
ships. Actual conditions cannot be predicted with this accuracy, however.
Within the range of recorded values, the elevations obtalned by backwater
studies check within a few tenths of a foot with the 1950 recorded values.

For any particular flow condition, above the 1950 Flood level, the derived
water levels would probably be within plus or minus one-halfi foot of the actual

level.
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Tile RED oI/ FROOD LY

Following selection and approval ol the route for the Red River
floodway, design work was undertaken on the Floodway Uy the Plannin:; Division
of the water Conlrol and Conservation Eranch of the Province ol Lianitoba and
continued under the rfloodway Division, after its foruation early in 1961.

On iay 28, 1962, agreement was reached between the Govermments of hanitoba

and Canada for sharing of the consiruction costs of the Floodway.

Location and Briei Description

The final location oi the Hed iliver Floodway as showm on Plate 2,
Appendix A was selected by the Water Control and Conservation branch. Details
of the location studies are contained in a separate report. In general,
modifications to the route, on which the Commission?s recommendation was made,
were based on the hydraulic requirements of the Floodway and economic consid-
eration o? excavation, right-of-way, structures and crossings of the Floodway
by publiciutilities. In accordance with the Connission's recommendation that
St. Norbert should be included within the protected area, if feasible, the
Floodway inlet was relocated from the site selected by the Red River Basin
Investigation, upstream to River Lots 182 to 185, Parish of St. Norbert, in
the City of St. Vital. The configuration of the Red River at this location
provided a suitable offtake from the River and also a suitable lecation,
appro:usately one-hall mile downstrea..,for the control structure and adjacent
dykes.

The Red River Floodway is an excavated earth channel 29 miles in

length, which will carry flood waters from the Hed Hiver, around and to the
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cast of Greater .linnipe;, and baca into the Hed River at LocxporlL. A5 snown
on Plate 2, ippendix A, the Floodway: leaves the Red idiver approximately two
uiles upstrean. of St. liorbert; passes Lo the east of the .ietropolitan .innipeg
Eypass and the City of Transcona; cuts through the gravel ridge near Birds
Hill; and parallels P.T,H. Wo., 59 llorth, re-entering the Red River one-~half
mile below the 5t. Andrews Dam of Lockport.

Diversion ol [lows into the Floodway will be regulated by a control
structure located across the Hed River approxiuately cone-half nile downsirean
of the Floodway inlet. The structure, utilizing two 112.5 foot lonz suliersible
gates, will be capable of maintaining the upstream water surface elevations
at those which would obtain under natural conditions. In order to contain
the flood waters upstream of the Greater Winnipeg Area, dykes are required (:)
adjacent to the control structure, On the east side of the Red River, the dyke
is incorporated into the disposal area and extends, from the control structure,
parallel to the west bank of the Floodway for a distance of six miles. On
the west side of the Red River, the dyke ties into high ground approximately
20 miles south and west of the control structure as shown on FPlate 1,

Appendix A. _

Along the 29 mile length of the Floodway, the water surface elevation
will drop a total of 18.03 feet, fram elevation 770.25 to elevation 752,22,
under desizn flood conditions, The corresponding water surface elevation
of the Red River, al the outlet, will be 737.96. There will, therefore, be a
drop in water surlface elevation ol 14.26 feet and a drop structure is utilized
to reduce the velocities and to provide an outlet alighment which will not induce

scour in the river dowmnstrean. O
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The rloodway is crossed by .iany of the pablic utilities servieing
«innipeg., In addition to seven railway and six highway bridges, provisions
have been riade for tranamission lines, com.unication lines, two branches of the
Greater .Jinnipez \later Disirict aqueduct and an oil and a pas pipeline.

flumerous drainage ditches, which follow the general slope of land,
frow the east towards the Red River, are intercepted by the Floodway, These
drains and local runoff are gathered in a collection drain on the east boundary
of the Floodway which discharges into the Floodway at suitable locations through
drop structures. A drop structure is also recuired Lo carry Seine River flows

into the Floodway.

Desien Flood

Based primarily on engineering studies by the Red River Basin Invest-
igation, the Royal Commission on Flood Cost~Benefit made an econecmic study,
analyzing the merits of the various flood control projects singly and in
combinatign., The Commission selected and reco:mended a 60;000 c.f.s. capacity
floodway, the 25,000 c.f.s. capacity Portage Diversion and the Russell Reservoir
and noted that 'these projects will ensure almost complete ﬁﬁétection to all
parts of Greater Winnipeg behind the mgin dyking system from all floods of
169,000 c.f.s. or less" leaving approximately one foot of freeboard on the
exdsting city dykes. The flow of 169,000 c.f.s., measured below the confluence
of the Hed and fissiniboine Hivers, was therefore adoptéd as the project design

Ilood, &
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Desirn Canacit

A desirn capacity of 40,000 c.l.s., was selected for the Red liver
Floodway, in accordance with the Comiission's recormuendation. Under desisgn
[lood conditions, and assuming: averaze Assiniboine Hiver contribution; an
initial storage of 150,300 acre feet in the Shellmouth Reservoir; and, 25,000
c.f.s, discharge in the Portage Diversion, it was verified that one foot of

freeboard would resuli on the Greabter .innipeg dyking systen.

Desi m Criteria

Prior Lo desi;n of ihe iloodway channel, criteria, governin; various
Tactors which would arffect the desizn, were established “rom previous investigations,
avallable literaturc, and additional studies.

vater Surface tlevat.on at the Inlet: One of the basic requirements C:)

of the design was that the water surface elevations upstream of the control
structure should not exceed those which ﬁould obtain under natural conditions.
For the project design [lood of 169,000 c.l.s., the calculated water surface
elevation ﬁf the Red River at the Floodway inlet would be 770.25 at which stage
the Floodway would require a capacity of 60,000 c.f.s.

Rourhness Coefficient: lianning's formula for uniform flow in open

channels of

T = 1,486 R 2/35 1/2

n
was adopled for use in uhie sloodway design and a roujghness coefTicient of
n = 0.02c was selecied, In pari, tiae selectlon wWas gjoverned by ;he studies
rmade by the Red River Basin Investization primarily on data published on reaches

of the Panaua Canal which, having values of hydraulic radius of appro:zimately 20, (:3

correspond in size Lo ihe Floodwey chiannel.
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0 Mot value ol ULU20 nay appear oo be high for a large, unilorn,
relatively straight earth channel with srassed slopes. The choice, however,
was deliberate, oSelociion ol & high "n" value ensures that the Floodway
capaciuy, viileh Is tie critical aspecy of the design, will at least ieet the
design require.ents at the e:pense of increasing velocities slightly. For
example, il the actual " value were 0.025 the rloodway would carry 67,000
c.f.s. rather than ©0,300 c.l.s. resulting in a reduction in stage at Redwood
wridre of 1. feet Lut the averaze velociuy of 5.0 {.n.s. would be inereased Lo

5.6 Z.p.5. The choice of too low an 'n" value, on Lhe other hand, would result
in a2 channel which would not nieet design reguirements,

Jeloeity: A limiting velocity of 5.0 f.p.s. was selected for design

flow conditions in order to ensure that excessive erosion would not occur,
Based on published data 5.0 f.p.s. is the maximum permissible velocity for aged
canals excavated in colloidal silts or clays and carrying water which contains
colloidal silts. Although the Floodway will not become aped like a chamnel

in continuous use, the large size allows an increase in peraissible velocity.
Subsequent checks on the tractive force of various Floodway designs indicated
that even higher velocities, although not practical, could be allowed. These
studies indicated that fines may be washed fram the non-cemented and exposed
cemented hardpan niaterials encountered in portions of the channel. The erosion
would be linited, hovever, by the large percentace of coarse material present

and the relatively short duration ol flood [lows.

For .05t discharges velocities will exceed nonsilting velocities
but under low flow conditions, velocities as low as 1.0 f.p.s., will occur.
Since the Floodway inlet is approximately 30 feet above the bottom of the ited
River the sediment load in the Floodway will Le finely suspended sediment
which settles very slowly. Although maintenance of the channel will be

reauired. sedimentation should be no oroblem.
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oide vlones: The Ileodway cliannel is excavated through silis
and hichly plastic clays with the exception of the reach through the birds
Hill :sravel ridie which is couposed of gravels and outwash inaterials and areas
of ceumented rlacial till material between Lirds Hill and Lockport as shown
on Plate 3, Appendix A.

The side slopes to be used were dictated by the requirenients that
the slopes should be generally stable in order to reduce maintenance costs,
Dr. 4. Casagranue, soils Consultant for Lhe Floodway, recauwended 6:1 side
slopes throupghoul the lengrin ol the rloodway with the exception of Lirds Hill
where 2.5:1 slopes could be used., The latler slope was reduced to 3:1 for
practical considerations. 1n addition, side slopes of 9:1 were recommended
at bridge sites to ensure bank stability at these locations. (::

Bends: The Floodway channel has eight changes in direction,
Application of rule of thumb criteria in use by various organizations would
resull iq the selection of a degree of curvative of 1.5° to 15°. 4 39 curve
with a raaius of 1910 feet was adopted as a practical degree of curvature
for all curves considering the relatively low velocity of the water in the
Floodway. Hydraulic losses in the bends will be minor and were considered
as being included in the roughness coefficient selected for the channel design.

Transitions: As shown on the profile of the Floodway on Plate 3,
Appendix A, there are three changes in the Floodway base width. In additlon,
the base width was decreased at each of the uridge sites to compensate for
the enlarged cross section resulting from the change in side slopes from 6:1
to 9:1. bach of these changes necessitated some form of transition., Although

T
a relatively abrupt change could have been used considering the low velocities (;J
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in the Floodway, the transitions were formed of circular curves so that a
smooth transition between base widths, surface widths and water surface
profile would result. The transitions in each case were made long enough
so that the change in angle between tangents did not exceed 12.5°,
Hvdraulic losses in the transitions were computed as 0.2 times the change
in velocity heads when the cross-section area expanded and 0.1 times the
change in velocity heads when the area contracted. Typical transition
sections are shown on Plate 5, Appendix A.

Channel Desipgn

Design of the Red River Floodway channel involved the selection
of the most economical channel which would meet the hydraulic requirements
and the established design criteria. In this regard, consideration was
given to the costs of right-of-way and structures as well as to excavation
costs. OSince the channel excavation would involve approximately 100 million
cubic yards, amounting to almoﬁt half of the projgct cost, the unit prices
used in the estimates had to be selected carefully. The Red River Basin
Investig;tion and Royal Commission of Flood Cost-Benefit selected a price
of 30 cents per cubic yard for common excavation and one dellar per cubic
yard for the hardpan or cemented glacial till material. These prices were
adopted for the Floodway estimates. Costs for structures were based on

estimates by the agencies involved in the design.

Preliminary Designs: The ground elevation along the Floodway,

shown on Plate 3, Appendix A, rises gradually from the inlet to the vicinity

of the Trans Canada Highway, remains more or less constant to the Birds
Hill ridge beyond which it drops and remains relatively constant to the

outlet. North of Birds Hill, the cemented glacial till material rises nearer
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to the surface resulting in more costlv excavation in this reach. These {i!
features indicated that the most economical channel would have the following
features:
1. A wide base width and 6:1 side slopes between the inlet and Birds
Hill in order to reduce the hydraulic losses and more costly
excavation north of Birds Hill;
2. A section through Birds Hill utilizing the recommended 3:1 side
slopes; and
3. A uniform channel north of Birds Hill with 6:1 side slopes.
Approximately 50 designs were prepared, with base widths varying from 250
to 500 feet and with varying depth of flows and velocities not exceeding
five feet per second. The designs were based on approximate backwater
calculations and for each design approximate earthwork costs were calculated. (i:

These approximate calculations indicated the economical depth of flow for
each design and also which designs were obviously uneconomical.

Computer Studies: The I.B.M. 1630 data processing system was

1.
.

used to compute more accurately the standard step backwater and earthwork
calculations for ten channel designs selected from the studies outlined
above. Backwater computations were based on sections 1000 feet apart and
earthwork calculations on sections 500 feet apart. The variation between
estimated costs of the ten designs was approximately only two percent of the
total cost. Two channel designs, selected on the basis of the cost estimates,
were presented to the Floodway Advisory Board, which recommended selection

of the wider, shallower channel in view of the probable reduced costs and
difficulties which would result during construction and maintenance.

The selected trapezoidal channel was modified as shown on the (::
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cross-sections on Plate 4, Appendix A so that positive drainage of the Flood-
way base would be ensured. A channel with a capacity of 100 c.f.s. was
designed along the Floodway centre-line and a two percent transverse Slope
introduced between this low flow channel and the toe of the main slope.

The purpose of these features is to prevent low flows of the Seine River

and outside drains from meandering across the main channel base. 1In addition,
drainage and silting will be localized permitting easier maintenance of

the Floodwayv channel. The capacity of the low flow channel was selected
primarily on the basis of the summer flow duration of the Seine River which
has flows of less than 100 ¢.f.s. 70 percent of the time, for the months of
June to October inclusive. Higher flows or coincidence of peaks on outside
drains will be contained on the two percent transverse slope, draining back

into the low flow channel when the peaks subside.

Standard step backwater computations done on the computer at 100 foot

sections for design flow conditions were utilized in selecting the final
channel grades shown on Plate 3, Appendix A. Backwater computations were then
made at ;arious discharges to obtain the rating curve at the inlet shown

on Plate 8, Appendix A, and the water surface profiles shown on Flate 3,
Appendix A. These data are approximate insofar as designs and locations of
bridge crossings had not been finalized. Backwater effects from the bridges
were included in the backwater computations, however, and variations between
actval and assumed conditions will not affect results to any significart
extent. Between the inlet and the Seine River, flows will be above ground
level for the higher Floodway discharges. In the backwater combutations,

a roughness coefficient of 0.030 was used for the flows on the 150 foot

berm section between the Floodway channel and the disposal areas.

Bridges: The side slopes.of the channel were reduced from 6:1

to 9:1 at bridge locations as recommended to ensure bank stability at the
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structures. In order to reduce the bridge lengths and costs, the base
width of the channel was reduced at each bridge location. For the four
bridges north of Birds Hill, the base width could be decreased economically
until the average velocity at the section reached the maximum permissible
velocity of 5 f.p.s. at design flood stage. Although there would be a
slight difference in backwater effect between highway bridges and railway
bridges due to variation in span length and pier thickness, a standard
base width of 330 feet was selected for the four bridges. Backwater effects
were calculated for various channel base widths at the bridge locations south
of Birds Hill. Costs of excavation and bridges were plotted for each base
width se that the most economical base width could be selected graphically.
A standard base width of 390 feet was selected for eath of the nine bridges.
In addition to selecting the channel cross-section at the bridges, (::
the following criteria were established for the bridge designs:
1. The bridges should have a clearance between the underside of
., girders and the design flood level of not less than one foot.
2., The upstream and downstream ends of the piers should be stream-
lined.
3. The piers should be designed to withstand floating ice which
could occur at stages up to five feet below design flood level.
Inlet: A flat sill at elevation 750.0 was established for the
Floodway inlet which would allow normal summer flows and spring flows of
up to 30,000 c.f.s. to pass down the Red River without entering_the Floodway.
On the average, Red River flows will enter the Floodway once in three years.
Located on a tangent to the Red River, as shown on Plate 6, Appendix A,

the inlet will permit diversion of the Red River flows with a minimum of (:)
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hydraulic loss. The shape of the inlet was designed with a 700 foot base
Wwidtl. sradually narrowing and deepening to the Floodway channel shape to
maintain even velocities and smooth flow patterns. The arrangement of the
inlet, in conjunction with the inlet control structure, disposal areas and
dykes, was model tested on a movable bed model located at the University

of Manitoba. Details of the model tests are contained in a separate report.

Inlet Control Structure.

If no control works were installed, flood flows on the Red River
would split between the natural channel and the Floodway, resulting in a
drawdown effect extending upstream from the point of diversion. At design
flood, the inlet water level for a 60,000 c.f.s. floodway would be eight

feet below the natural water surface elevation. A control structure across

the Red River capable of maintaining natural conditions upstream was therefore

planned to reduce the amount of excavation for the Floodway channel and to
regulate the amount of water entering the diversion.
The Floodway Division established the following requirements to

be met in' the design of the control structure:

1. The control structure should be capable of maintaining the upstream

water surface elevations at those which would obtain under natural

conditions, for all flows up to the 1000 year flood of 270,000

c.f.s., considering the Shellmouth Reservoir, Portage Diversion and

Red River Floodway in operation and for the combinations of

flood flows on the Red and Assiniboine Rivers which may be expected

to occur 90 percent of the time.
2. For floods greater than the design flood ef 169,000 c.f.s., the
control structure should be capable of restricting flows in the

Red River downstream, so that the water levels at the Redwood
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Bridge do not exceed elevation 755.5, under the condition of
maximum Assiniboine River contribution, until the maximum permissible
upstream water surface elevation of 778.03 is reached. The water
surface elevation and discharges resulting from this type of

operation are tabulated in Table 4, Plate 14, Appendix A.

3. The control structure should permit the passage of small boats
during the navigation season, having a draught of up to six feet
and an overhead clearance of less than 15 feet.

Design of the inlet control structure works was carried out by
H. G. Acres and Company Limited. Details of the design are contained in
separate reports. The structure is located across the Red River as shown on
Plate 6, Appendix A, and consists of two submersible gates 112.5 feet long and
34.9 feet high supported by two abutments and a centre pier. The crest is
at elevation 728.0, approximately six feet below the summer level controlled
by St. Andrews dam at Lockport, toc allow for the passage of summer flows and
pleasure craft.

Operation of the control structure will be primarily to maintain
natural conditions upstream of the Floodway inlet. Flows will begin entering
the Floodway when the Red River discharge is approximately 30,000 c.f.s.

For flows above this discharge, the gates will be raised to maintain the
upstream water level at the elevation which would obtain under natural con-
ditions. For the project design flood of 169,000 c.f.s. and with average
Assiniboine River contribution, the upstream water level will be maintained
at an elevation of 770.25. At this time 60,000 c.f.s. will be entering the
Floodway and 70,700 c.f.s. will be passing through the control structure
under a head of approximately eight feet, the remainder of the flood waters

having been reduced by the Assiniboine River flood control projects.

-
i

¢
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Outlet Control Structure,

At design flood, water levels at the outlet of the Floodway
will be approximately 14 feet above the Red River level and an outlet
contreol structure is required to dissipate this potential energy so
velocities and scour, below the confluence of the Floodway and Red River,
will not exceed those which would occur under natural conditions.

The following design requirements of the outlet centrel
structure were established by the Floodway Division:

1. The outlet control structure should effectively reduce
velocities and erosion, downstream of the outlet, for all flows
up to the Floodway design flow of 60,000 c.f.s., considering
the Shellmouth Reserveoir, Portage Diversion and Red River Flood-
way in operation and for the combination of flood flows in the
Red and Assiniboine Rivers which may be expected to occur
90 percent of the time.

2. The water surface elevation in the Floodway, at the upstream
end of the outlet transition, should be 752.2 at the design
discharge of 60,000 c.f.s.

3. Conduits should be provided through the structure with a
capacity of 100 c.f.s. when the water surface elevation, at
the upstream end of the outlet transition, is 726.2.

Design of the outlet control structure and channel, from the
Red River to the upstream end of the approach transition to the structure,
was carried out by H. G. Acres and Company Limited. Details of the design
are contained in separate reports. The structure has a 162 foot wide
reinforced concrete ogee section with a crest elevation of 730.0, but a

conventional stilling basin has not been used, advantage being made of
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the natural bedrock formation at the site. Smooth entrance and exit -
conditions at the structure are ensured by a 485 foot long inlet transition
and an exit channel flared to provide suitable re-entrance of Floodway

flows to the Red River. A plan and cross-section of the outlet control

works are shown on Plate 7, Appendix A,

Model Studies.

H. G. Acres and Company Limited used hydraulic models in the
design of the Floodway inlet and outlet control works. The models were
located at the University of Manitoba and at the H. G. Acres laboratory
in Niagara Falls, Ontario.

Inlet Control Works Models: A movable bed model was con-

structed at the University of Manitoba to a horizontal scale of 1:120

and a vertical scale of 1:60. The model covered a reach of the Red River (:)
extending approximately 3000 feet upstream and 10,000 feet downstream of

the Floodway inlet, plus approximately 3,000 feet of the Floodway channel.

Tests wefg carried out under all flow conditions to evaluate, with respect

to the design requirements: the overall performance of the inlet works;

riprap requirements upstream and downstream of the structure; and to

determine the most economical alignment of the channel required to divert

river flows around the control structure site during construction. 4

more detailed discussion of the model and tests is contained in separate

reports. The inlet to the Floodway, discussed in a previous section,

was also tested on this model by the Floodway Division. .
Further testing of the control structure and submersible

gates was carried out on models located at Niagara Falls. A section of

the gate and stilling basin, representing a length of 60 feet of gate C:)
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in the prototvpe, was tested on an undistorted model built to a scale

of 1:60. In addition, a portion of the inlet control works, of one and
cne-gquarter gate sections plus the Red River for a distance of 400 feet
upstream and 500 feet downstream of the control structure, was tested on
an undistorted model constructed at a scale 1:60. The models were used

to evaluate the size and shape of gates, skin pressures on the gates,
design data for the gates, the shape of the stilling bucket, the align-
ment of the wing walls, and riprap requirements at the structure. Details
of the models and testing program are contained in a separate report.

Qutlet Control Works Model: An undistorted model of the outlet

control works was built, at the University of Manitoba, to a scale of
1:100, covering a reach of the Red River extending approximately 2000
feet upstream and 1200 feet downstream of the Floodway outlet plus 2000
feet of Floodway channel. Sections of the model were constructed of
movable bed material where scour conditions were to be evaluated. In
general, the model was used to determine the most economical design of
theé outl;t works, having regard for the overall hydraulic requirements.
More specifically, the following features of the design were evaluated:
the size and shape of the rollway section; the stilling basin requirements;
the alignment and shape of the wing walls and training walls; the alignment
and shape of the approach and exit channels; the riprap requirements; and
the scour action in the Red River downstream of the structure. Details
of the model and testing program are contained in a separate report.
Dykes. )

Flood waters of the Red River inundate a large area of land

to the south of Winmipeg in the former bed of glacial Lake Agassiz.



- 31 -

Flooding to the south of the Floodway will occur to the same extent as
under natural conditions when the proposed flood control works are in
operation. Dykes are required to tie the control structure into high
land on each side of the Red River, to contain the flood waters upstream
of the control works.

Hydraulic studies involved selection of the degree of protection
to be provided by the dykes and the elevation to which the dykes should
be built to provide the required protection. Normally a certain amount of
freeboard is allowed above a fixed or design water level but water surface
elevations upstream of the Floodway dykes will vary for each flood. There-
fore, the frequency with which a certain dyke elevation would be exceeded
was determined and the dyke elevation selected which would provide the
required degree of protection. Freeboard, consisting of wind set-up
above still water level plus wave uprush, is a function of the water depth
and area; wind velocity, direction, duration and fetch; and the side slopes
and materials of the dyke., For any water surface elevation and wind velocity
the freeboard can be calculated. The computations were based on studies
of waves on inland reservoirs by the United States Army Corps of Engineers.
Frequency curves of water surface elevations at several points along the
dyke location were combined with a frequency curve of wind velocity
assuming that there would be no correlation between wind velocity and flood
magnitude. The frequency curve for wind velocity was prepared for the
maximum winds of one hour duration recorded during April and May for a
L5 year period. The highest velocity within a period of a month was used
because the duration of major floods would last between three and four

weeks, The wind velocity of one hour duration was adjusted for the length

@

O
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of duration required to develop set-up and wave action and increased to
allow for the decreased resistance to winds travelling over water surfaces.
The freeboard requirements were then calculated for the probable combina-
tions of wind velocity and water level and the resulting dyke elevation
plotted against the corresponding ffequency. The highest water surface
elevation for which the freeboard was calculated was for the 1000 year
flood of 270,000 c.f.s., for which the average wind velocity of 35 miles
per hour for a one hour duration was assumed. The resulting dyke elevation
was plotted against a frequency of 0.1 percent.

Waves overtopping the dvke in the vioinity of the control
structure could result in failure of the dyke and the release of sufficient
water to suddenly overtop the city dyvkes downstream in addition to endanger-
ing the control structure. The degree of safety required for the dykes is,
therefore, the same as for the control structure which was designed to
withstand the 1000 year flood. The corresponding top of dyke elevation
of 781.0 was selected for the portions of the dyke adjacent to the control
structure providing a freeboard of 10.75 feet above the design flood
level.

West of the Red River: The most extensive dyking is on the

west side of the Red River, where approximately 20 miles of dyke are required.
between the control structure and high land, as shown on Plate 1, Appendix A.
The most economical location was selected with consideration given to
severance of property and disruption of existing drainage works. The free-
board and degree of safety is gradually decreased from the contfol structure
towards the west end of the dyke as the water depths decrease and the conse-

quences of a dyke failure become less severe. Since the dyke travels in a



- 33 -

southerly direction to aveoid the Riviere Sale the water surface elevations
along the dyke increase. The top of dyke elevation is reduced, therefore,
to a minimum of 779.00 at the west end with a probability of exceedance of
0.3 percent.

East of the Red River:: On the east side of the Hed River the

dyke extends approximately six miles from the control structure

along the north west side of the Floodway. Adjacent to the structure, the
dyke has an elevation of 781.0, but along the Floodway, where protection
is provided by the disposal areas, the elevation corresponds to the water
surface elevation of the design flood of 60,000 c.f.s. The dyke section
is incorporated into the disposal area used for the Floodway excavation as
shown on Plate 4> Appendix A. Flood waters will extend along the upstream
side of the Floodway disposal area, which is constructed to an elevation
of 781.0.

Drainage.

i The Red River Floodway cresses both man-made and natural
drainage:systems, notably the Seine River, which, in general, flow westerly
from the higher land in the east towards the Red River. With the exception
of the Seine River, flows in the existing drains are collected in a drain
paralleling the Floodway and located outside of the east waste embankment,
reducing the number of drainage outlets into the Floodway. Each of the
outlets requiresa drop structure to dissipate the energy resulting from
the difference in elevation between the drain and Floodway bottom. Six
outlet locations were selected, besides the Seine River outlet: providing

the most economical arrangement of drains and outlets, based on consideration

of costs of excavation, crossings and outlet structures. In addition to

O
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the main drain along the east embankments, drains affecting local areas
outlet te the Red River, Seine River, and to existing drains on the west
side of the Floodway.

Design Criteria: Particular attention was given to the design

requirements of the drainage systems in view of possible future develop-
ment of property adjacent to the Floodway. Design criteria were selected
which would provide adequate drainage of Floodway property and which would
allow for future development of existing drains beyond the requirements
presently accepted for drainage of land used solely for agricultural
purposes.

1. Design Discharges. The simplest and most commonly used drainage
equations are empirical formulae relating design discharge
with the allowable frequency of occurrance and drainage area.
Discrepencies between the available formulae exist and erroneous
discharges result when they are used for small drainage areas
where local effects have a large influence on the discharge
and where individual treatment is required. A drainage equation
was, therefore, developed for use in the Floodway designs.
Drainage areas were corelated to discharge using frequency
curves prepared by the P.F.R.A. for rivers with small drainage
areas located on the east side of the Red River., The equation
is given by:

Q = 7.40C Ao'?l T.hhh

i

Where Q = the peak flood in ¢.f.s. that may be expected
to be equalled or exceeded, on the ayerage, in

a period of T years.

the effective drainage area in square miles.

=
il

s |
I

the frequency period in years.
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C = a run-off coefficient which is dependent on the
watershed characteristics taken as equal to 1.0
for the area east of the Red River.
The equation is shown graphically on Plate 17, Appendix A.
The following discharge frequencies were selected for design
of the drainage works:
Drains - 50 year flood.
Culvert installations - 75 year flood.
Drop structures - 100 year flood.
2. Drain Cross-Section, Design of the drainage channel was
based on: Mannings equation; a roughness coefficient of 0.030;
a velocity between 1.0 and 3.0 feet per second; and a minimum
channel slope of 0.02 percent.
For ease of construction and maintenance, a trapezoidal section (:3

was selected with a minimum base width of eight feet and side

slopes which vary depending on the depth of cut as follows:

Average Depth of Cut Side Slopes
Below /4 feet 3:1
L to 6 feet L:1
Deeper than 6 feet 5:1

O
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THE RATTNG CURVZ AT RZDWOOD BRIDGE

Redwood 3ridse, located across the Red River approxirately three
and one~hali miles downstream cof the confluence with the Assiniboine River,
was selected as a zau-ing station in Aupust, 1912, Daily rauge readings
have been taken since that time, By combining discharge measurements taken
in 1922 and during the 1950 flood, a rating curve was constructed for this
location applicable to open water conditions with the St. Andrews Dam at
Lockport open. The rating curve was extended above the highest metered
discharge of 103,600 c.f.s. by the Red River Basin Investigation which
extrapolated the curve throurh the points representing the reconstructed
floods of 1826, 1852 and 1851.

Discharge measurements made at the section, subsequent to 1950,
indicated a progressive shift of the rating curve to the right reaching a
maximum in 1956 and remaining relatively constant since then. The extent
of the shift represents an increase in the carrying capacity of the Red
River of approximately 5000 c.f.s. between 1950 and 1956.

Before any hydraulic designs could be carried out, it was necessary
to estabiish whether the increased capacity of the Red River was a permanent
effect which should be considered in the hydraulic studies and designs, The
more obvious causes for the shift such as a change in datum or method of
measurement were investigated and found not to be significant. The only
remaining causes to be investigated were an increase in channel cross-section
or a decrease in channel roughness,

Gaure Relationships:

-

Numerous gauges were established through Winnipeg and along the
Red River to Lake Wimnipeg during the 1950 floed. Daily readings were also

taken at several of these locations durign the 1956 spring runoff making it
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possible to construct gauge relationships for the two periods using Redwood F)
Bridre as base. The locations of the gaures are shown on Plate 2, Appendix A ‘
and the gaure relationships on Flate 16, Appendix B. The gauge relation-

ships ware used to determine the extent of the lowering in stage at various
locations as shown in Table 1.

TABLE 1 - REDUCTION IN STAGES BETWEZN 1950 A:D 1956

Red River Discharge
Gauge Location 50,000 c.f.s. | 60,000 c.f.s. | 70,000 c.f.s.
Gaure 8 1.15 1.06 0.95
Gauge 7 +0,22 .13 67
Gauge 3 0.13
North City Limits 0.64 0.66
Redwood Bridge 0.97 1.08 1.10 O
Louise Bridge 1.09 1.10
C.P.R. Bridge 0.80 0.82
James Avenue 0.78 0.92 0.96
Provencher Bridge 0.56 0.63
Norwood Bridge 0.60 0.68
Elm Park Bridge 0.65
Fort Garry 0.90
R.R.B.I, Inlet 1.60 1.60
Ste. Agathe 0.0 6.0 0.0
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During the 1956 flood, few water levels were obtained north of
the city limits except at pauges 7 and 8 at Lockport where daily readings
were obvained by the Federal Department of Public Vorks., It should be
noted that gaure 8 is affected by the level of Lake Winniper. However,
during the period used in preparing the gau~e relationships the lake level
was essentially the same in 1956 as in 1950 except for daily variations
so there is a lowering in stage at rauge 8 of approximately one foot. There
are discrepancies in the effect at gauge 7 due to the shape of the 1950
pavre relationship, although St. Andrews Dam was open in both 1956 and 1950.
Two gauge readings were ohtained by the P.F.d.A. on llay 18, 1956, near the
head of Lister's Rapids. One gaure was located slishtly upstream of paure 3
and the other between rauge 3 and gauge 4. The water levels obtained were
adjusted to correspond to zauge 3 and 4 locations where a lowering of 0.48
and zero feet was indicated between 1950 and 1956 at the respective gauges.
At the corresponding discharge, Redwood Bridge readings are lowered by 0.75
feet. One gauge reading was obtained at gauge 3 at the peak of the 1956
flood on April 27. This gauge was not zeroed, however, until August 3, 1961,
when it|has found in pgoed condition and according to local residents had
not moved except for a possible settling during the past two years. The
elevation indicated a lowering between 1950 and 1956 of 0,13 feet. In
order to establish gauge relationships at locations upstream of the Norwood
Bridge, the backwater caused by the Assiniboine River had to be eliminated.
The results shown in Table 1 for these locations were therefore derived by
coriputation rather than measurement out indicate a lowering in staze for the

reach of river betwzen the mouth of the Assiniboine River and the Floodway

inlet.
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Red River Cross-Sections: (”\

Following the 1950 flood, an extensive hydrorraphic survey of |
the Red River was made by the Red River Basin Investigation and the Greater
Winnipes Dyldng Board., Within the city, cross-sections were taken at 200
foot intervals and at 800 foot intervals in the other reaches. These cross-
sections were compared to surveys made in 1912 and 1886. The Red River
Basin Investigation noted only minor changes in section and also that there
was no evidence of deposition at the St. Andrews Dam at Lockport.

Numercus bank failures have occurred since 1950 and when the shift
in the rating curve at Redwood Bridge was noted, were considered to be a
contributing factor. The P.F.R.A. took a series of soundings at each of the
following locations by echo sounder: Elm Park Bridge; Redwood Bridge;
Polson Avenue; Jefferson Avenue; Newton Avenue, and Bergen Cut-off. A
comparison of these soundings to corresponding Red River Basin Investigation (:)
cross—-sections indicated little net change in section below the stage corres-
ponding to a discharge of approximately 30,000 cfs. Cross-sections taken
during topographic surveys at the Floodway inlet and outlet sites were also
compared to the 1950 cross—sections and no appreciable change in area was
noted, These investigations confirmed the coneclusion reached by the Red
River Basin Investigation that the small local changes have a tendency to
counteract each other and further that the cross—-sections taken in 1951
would still be accurate enough for use in hydraulic investigations. Although
the local bank failures would have minor local effects on stage, there was
no indication of sufficient channel enlargement to cause the various changes
in stage noted in the previous section.

Roughness Coefficient:

@

Having determined that erosion and changes in channel cross-
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section were relatively insignificant and were not responsible for the
shift in the ratine curve between 1950 and 1956, the only remaining explan-
ation for the shift, assuming that other factors such as sediment load and
turbulence would have had a minor effect on the carrying capacity of the
river, was that a change in roughness coefficient had occcurred. The Red
River Basin Investigation calculated average ™" values, applicable to Manning'!s
equation, for the Red River between Selkirk and the University of Manitoba
for the 1950 peak discharre. These values were checked by computations
through the City of Winnipeg by the Provincial Water Resources Branch
during studies on channel improvements. In order to provide a comparison
between 1950 and 1956 conditions, "n" values were computed for various
reaches for the 1956 peak discharge and for the corresponding stage under
1950 conditions. The results of these studies are presented in Table 2.

TABLE 2 - ROUGHNESS COEFFICIENTS FOR THE RED RIVER

1950 Conditions 1956
Reach of Red River Peak Discharge | At Stage Cor- | Conditions
. responding to At Peak

RRBI WCER Max.1956 Stage| Discharge

At Floodway Outlet 0.0320 | 0,0339 0.0358
Lockport to Bergen Cut-off 0.0330 | 0.0340 0.0326

Bergen Cut-off to Redwood
Bridge 0.0301 0.0241 0.0206

Redwood Bridge to Univ,
of Han. 0.0318 0,0292 0.0275

Bergen Cut—off to Univ.
of Han, 0.034 0.0316 0.028L 0.0265
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The 'n" values were computed using: 1951 cross-sections; average (a\

'

slopes between recorded water levels, excluding losses at bridres; and, the
hrdraulic radius equal to the hydraulic mean depth. The values listed above
are weighted means of the values corputed for shorter reaches. Discrepancies
between the Hed River Basin Investigation and Water Control and Conservation
Branch values could result from the methods of computation used; however, the
calculations b comparable methods and for corresponding reaches of the river
indicated that the "' values decreased both with a decrease in river stage
and between 1950 and 1956. These average "n" values were verified by use in
backwater computations which were compared to the recorded river stages.

As indicated above, the shift in the rating curves can be explained
and verified by assuming that the roughness changed between 1950 and 1956.
There is, however, no clear explanation for the change. It has been generally
assumed that under flood conditions with corresponding high velocities that (:3
there would be a general smoothing of the channel with removal of brush and
small obstructions., If this were true some change would have been indicated
during the rising and falling stage of the 1950 flood. However, discharge
measurements, during the falling stage in 1950, plot on the relationship and
there was no change in slope between rising and falling stage. In addition,
discharge measurements taken in 1951 indicate only a minor change; in 1952
and 1955 a greater change; and in 1956 the maximum shift which was verified
by a measurement in 1960, The shift in the rating curves has, therefore, been
a gradual one.

During the studies roughness coefficients as low as-0.016 were
computed for individual reaches, Although some discrepencies could result
from local disturbances at the gauges, several values, particularly through

the city, were as low as 0.020. These values are extremely low for a natural (:)
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alluvial river and no further decrease in roughness coeificient could be
expected. The reverse, however, could occur since even a value of 0,030 is
considered low for a natural chamnel. DBank slides, growth of brush during
low flow periods and even man-rade wWorks could cause an inereass in 'm" value.
Consideration of these fact rs resulted in selection of the 1950 rating

curve as the basis for hydraulic desipgns and studies.
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BACKJATIHR COMPUTATIONS

ater surface profiles, for the reach of the led River vetween the
Floodway inlet and outlet, were reguired in order to establish criteria
for the design of the Floodway and Floodway inlet and outlet structures.
Relationships were required which would perrmit determination of water surface
elevations both under natural conditions and with all flood control works in
operation. Because of the varying Assiniboine River contributions and Floodway
flows, baclwater computations had to be utilized to develop the relationships
from which the water surface profiles could be calculated for all combinations
of flows, The methods used in the backwater studies were dictated by the
available data and varying channel characteristics for different reaches of
the River, For the reach of the River, between the Floodway outlet and
Horwood Bridge, at the confluence of the Red and Assiniboine Rivers, gauge
records were available and a direct method of computation was used utilizing
the rating curves. Upstream of Norwood Bridge the standard step and Leach
method were utilized to develop rating curves which were in turn used for
the direct or method of computation.

Norwood Bridge to the Floodway Outlet

Backwater studies, for both natural and controlled conditions, for
the reach of River downstream from Norwood Bridge, were based on the 1950
rating curves and gauge records obtained under open water conditions with
St, Andrews Dam open.

Hatural Conditions: Bacltwater studies throurh the city indicated that the

existing city dvkes had a neplipible effect on the water leveld as far upstrean
as Elm Park Bridge. The 1950 and subsequent recorded data are therefore

valid for natural conditions and also when considering the city dykes. No

&)

C

O
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backwater computations were required since there are no local inflows which
would affect the recorded water lavels.

Controlled Conditions: When the flood control works are in operation, the

Floodway discharce at Lockport will create a backwater which will extend
upstream through the City of Winniper reducin- the discharge which can be
carried safely between the city dykes. The purpose of the baclkwater
computations was to provide relationships from which water swface profiles
could be determined for various combinations of Red River and Floodway
discharges. In order to reduce the time and effort required in the preparation
of such relationships, a direct method of baclwater computation was adopted
which utilized the available 1950 gauce and discharpge records.

Gaure relationships, based on the 1950 readings, were prepared
between the gauge at Redwood Bridge and each of the individual gauges located
downstream of the mouth of the Assiniboine River. Where gauges were located
at bridges, the readings taken at the upstream side were used. The gauge
relationships had to be extended beyond the recorded range and this was done
by: sep@rate gauge relationships; utilizing the flood profiles of 1826 and
1852 reconstructed by the Red River Basin Investigation; and, standard step
backwater computations for some locations., The gauge locations are shown on
Plate 2, Appendix A and gauge relationships on Plate 16, Appendix B, Slope-
discharge relationships used in the direct method of vackwater computations
were prepared between the following gauges: Floodway outlet, 8, 7, 6, 5, 4, 3,
Berren Cut—off, Horth City Limits, Redwood Bridre and llorwood Bridge. The
water surface elevations, under bakcwater conditions, can be détermined
directly using the above relationships in successive steps. For convenience,
the slope-discharge relationships between the Floodway outlet and Redwood

Bridge were summarized as shown on Plate 1, Appendix C verifying and extending
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a similar relationship prepared by the Red River Basin Investigation. Although

the elevation at Redwood Bridre indicates the adequacy of the dyking systen,
Plates 1 to 4, inclusive are included in Appendix C so that the water surface
profile betwesn Bergen Cut—off and llorwood Bridge can be calculated when the

discharges in the Red River and Floodway are known.

Horwood Bridre to the Floodway Inlet

The primary purpose of the baclkwater studies for the reach of the
Red River upstream of the mouth of the Assiniboine River, was to determine
the water levels at the inlet for all flows under natural conditions and
to determine the tailwater elevations which would obtain at the contrel
structure site when the flood control works were in operation. Backwater
computations were required due to the effect of the Assiniboine River and
Riviere Sale flows under natural conditions and due to the additional
effects from the Floodway flows and city dyking system when the flood control
works are in operation. Three methods: standard step; direct; and, Leach
methods of computing backwater profiles wrere utilized.
Natural Conditions: The Red River Basin Investigation prepared rating curves
at the original inlet site, just downstream of St. Norbert, by backwater
computations assuming zero and 20,000 c.f.s. flows in the Assiniboine River.
These curves were verified by backwater computations and the rating curve for
40,000 c.f.s. flow in the Assiniboine River added as shown on Flate 10,
Appendix B, An "n" value of 0.034, as calculated by the Red River Basin
Investiration for use in lanningst! equation, was used for the river channel
and an "n" value of 0.1 was considered representative of the overbank areas
which consist of relatively heavy bush or built up areas. Although the "n"
of 0.034 is slightly higher than the values shown in Table 3, it is more

representative for conditions at design flood stage and no attempt was made to

Ty

o
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vary the "n'" at lower stages. In addition, the "m" values and method of
calculation were checked br verifring the recorded 1950 water surface profile
o backwater computations beiween Redwood Bridge and Ste. Agathe,

The baclkwater computations for flows below bank full stare were
made by the standard step method and above bank full stage by Leachts method.
In the latter case, the river was divided into reaches, average cross-sections
computed, non-effective areas excluded and the slope for the overbank areas
adjusted to channel slope., For all computations the hydraulic radius was
taken as the mean hydraulic depth,

Since the computations of two separate investigations checked
at the Red River Basin Investigation inlet and the backwater computations
also checked reasonably well with the limited gauge records for the 1950
fload, the computations were extended upstream from the Red River Basin
Investigation site to the Floodway inlet. Rating curves as shown on Plates
11, 12 and 13, Appendix B were then prepared at the following locations:
the mouth of the Riviere Sale, at the Red River Basin Investipgation cross-
section érh7; the Floodway inlet, at cross—section S-54; and upstream of the
inlet at cross-section S-64. Slope-discharge relationships as shown on
Plates 9, 11 and 13, Appendix C were prepared between these locations by the
direct backwater method so that water surface profiles could be computed
through the reach of river at the inlet for all combinations of Red and Assiniboine
River flows.

Slope-discharze relationships were also computed from the Floodway
inlet to Ste. Agathe and Ste, Agathe to liorris so that backwatér conditions
could be determined upstream of the control structure site. Although neither
of the rating curves al Ste. Agathe or }orris are well defined, the relation-

ships shown on Flates 14 and 15, Apprendix C, will give the relative backwater
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effect at these locations. ("j

Controlled Conditions: Since the water surface profiles would be alfected by

sackwater from: the Floodway outlet; the Assiniboine River; and, the city

dykinr system, backwater studies were carried out to determine water surface

profiles throurh the city and tailwater elevations at the inlet with the

flood control works in operation, Standard step backwater computations

were used to prepare rating curves at the following points which would provide

a corplete water surface profile for this reach of the river: Ilm Park

Bridre; Fort Garry at Red River Basin Investigation cross-section 32; the

Universitr of llanitoha at cross—section S5-8; at the Red River Basin Investi-

gation inlet at cross-section S-26; the mouth of the Riviere Sale at cross-

section S-47; and the Floodway inlet at cross-section S-54. These rating

curves are shown on Plates 7 to 12 inclusive, Appendix B. <
Slope~-discharge relationships, Plates 4, 5, 6, 7, 8, 10 and 12, C;J

Appendix C, were prepared from the above rating curves so that water

surface profiles or elevations could be determined for all conditions up

to the stage at which the city dykes would be overtopped. When the water

surface elevation at Redwood Bridge is above 755.5, that is, the present

elevation of the dykes of 752.5 plus three feet of possible, effective

emergency dyking, the dykes would be overtopped and the relationships computed

for natural conditions would apply.
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APPLICATION OF THE BACKWATSR RELATIONHSHIPS TO DETERMINE WATSR SURFACE
SLAVATTONS
The following suwmmary is presented in order to facilitate the
use of the various fipures for the computation of water surface elevations
under the various, possible conditions,

Horwood Bridre to Floodway Outlet

Hatural Condition: For all Red River flows, the water surface elevations

can be obtained from the individual rating curves, Plates 1, 2, 3, 4 and 4,
Appendix B and gause relationships, Plate 16, Appendix B, The effect of the
existing city dyking system on these rating crrves is ne-ligible and they can
oe used whether dyking is a consideration or not.

Controlled Conditions: The water surface elevations at Redwood Bridge can

be determined for any combination of Red River and Floodway flows by using
Plate 1, Appendix C. Elevations upstream and downstream of Redwood Bridge
can be obtained using Plates 2, 3 and 4, Appendix C, providing a continuous
water surface profile between Bergen Cut-off, at the north end of the city,
and Norwdod Bridge.

Norwood Bridre to Floodway Inlet

Natural Conditions: The water surface elevations at the Red River Invest-

igation Inlet site can be determined for any combination of Red and Assiniboine
River flows using Plate 10, Appendix B. Elevations upstream can be obtained
using Flates 9, 11 and 13, Appendix C and adjusting for Riviere Sale flows,
providing a continuous water surface profile from St, Norbert Lo upstream of
the Floodway inlet. :

Between Norwood Bridge and the Red River Basin Investigation
Inlet site, the relationships shown on Plates 5, 6, 7 and 8, Appendix C,

include existing and emercency dyking which has a neglisible effect as far as
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Zlm Park Bridge ovut beyond which would result in higher water surface (fW
i
elevations than under natural conditions.,

Controlled Conditions: When the water surface elevation, including the

backwater effect from the Floodway, at Redwood Bridge, is below elevation
755.5, the elevations can bhe calculated by coinr upstream in s'ccessive
steps using the slope-discharge relationships presented in Flates &, 5, 6,
7, 8, 10, 12 and 13, Appendix C. These relationships include the effect of
the exdsting and emergency dyking systen.

When the water surface elevation at Redwood Bridge is 755.5 or
rreater, natural conditions apply. Tailwater elevations at the inlet can
then be obtained by converting the backwater effect at Norwood Bridge to
eguivalent Assiniboine River flow and using the relationships discussed

above for natural conditions.
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L HYDRAULIC INVESTTIGATIONS PiRTATINING
TO_THI ASSTNIBOIND RIVER

The effect that the conirol works, proposed for the Assiniboine
River, would have on flood conditicns at ‘inniper had to be taken into
consideration in the design of the Red River Floodway. For any flood condition,
the amount of Assiniboine River has to be lmown under natural conditions and
then the effects of the Shellmouth Reservoir and the Portage Diversion
computed. The effect of the Portage Diversion is readily available once the
natural flow are lmown. Computation of the Shellmouth Reservoir effects
are considerably more complicated.,

The Shellmouth Reservoir

In addition to its flood control benefits, the Shellmouth Reservoir
ft) can also be used for conservation purposes. In order to derive the flood
control benefits the reservoir storage was assumed to allocated as shown in
Table 1,

TABLE I - SHELLMOUTH RESERVOIR -~ ASSUMED ALLOCATION OF STORAGE

A7
H

Elevation Storage Allocation of Storage
Acre-feet

Invert of conduits 0 Conservation
1388 150,000 Conservation and Flood Control
104 340,000 Flood Control

1410 Spillway Crest Elev, | 430,000

A storaze of 150,000 acre-feet would provide a dependable flow of
300 c.f.s. annually, which would be sufficient for present demands. Increased
(:) accuracy in flood forecasting methods and experience in operation of the

reservoir could permit the conservation storage level to be increased in the
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future. The optimum storage of 340,000 acre-feet could be maintained insofar (’:
as possible but it was assured that the reservoir would be drawn dowm to a "
storage of 150,000 acre feet in the fall., The adequacy of the remaining
storage in reducin- sprinr floods was determined by routing studies carried
out using an I.B.M, 1620 data processing system, and unit hydrographs and
valley storage curves prepared by the Prairie Farm Rehabilitation Administration.
Hypothetical floods were routed throuth the reservoir and down to Portage la
Prairie where the reduction in the peaks was determined for various initial
storage levels in the Shellmouth Reservoir., The relationship showing the
peak reduction at Portape la Prairie, for various floods, with an initial
storage of 150,000 acre-feet in the Shellmouth Reservoir is shown on Flate 6,
Appendix D. This relationship was used for all Floodway studies because the
Shellmouth Reservoir with an initial storage of 150,000 acre~feet, in combination
with the Portage Diversion and 60,000 c¢.f.s. capacity Floodway, would reduce (::
the design flood peak at Winnipeg, to one foot below the existing City of
Winnipeg dyke levels.,

* The relationship on Plate 6, Appendix D also indicates the overall
effectiveness of the Shellmouth Reservoir location. Although situated on
the upper Assiniboine River, it controls the watershed which contributes the
largest percentage of the flood waters. In addition, for the larger floods,
the flood peaks originating upstream of Shellmouth become more coincident
with the flood peaks on the other tributaries.

Correlation Between Peak Flows on the Red and Assinibeine Rivers

The Assinitoins River loins the Red River in Winniper just below
Norwood Bridge and, on the average, contributes approximately 20 percent of
the flood peak in the city. The amount of Assiniboine River contribution to <::

Red River flows varies and is additionally complicated by the fact that at
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flows approaching 20,000 c.f.s., the Assiniboine River overflows, in the reach
netween Portare la Prairie and Headinrley, forminr a larsze storare basin north
and south of the River, A portion of the storace flows south via the
Riviere Sale, joinines the Red River at St. lHorbert, approxdimately one mile
aelow the Floodway inlszt. The remaining portion of the overflow ultimatelvy
drains back to the Assiniboine River after the peak has passed, Althourh
some time lag would be involved in reaching the Red River at St. Norbert,
the overflow could contribute to the Red River peaks because of the comparatively
flat flood hydrograph of the Red River, The Assiniboine River contrivution
to the Red River peak is therefore made up of the flow at Headingley plus
vhe portion of overflow which reaches the Red River via the Riviere Sale.

The P.F.R.A. developed a relationship between Assiniboine River
flows at Portage la Prairie and Headingley by using the available records
and by routing flood flows through the reach; the difference between the
flows at the two locations being the overflow which would go into storage.
A relationship between the total overflow and the portion which would contribue
to the Red River peak via the Riviere Sale was developed by the engineering
consultants for the Royal Cormission on Flood Cost-Benefit and in reproduced
on Plate 5, Appendix D. Based on limited recorded data under low flow
conditions, the extrapolated curve is largely hypothetical but has been
accepted since possible inaccuracies would not affect the water levels
determined using the relationship., The two relationships discussed above
were combined to obtain the relationship between flows at Headingler and
total Assiniboine River contribmiion to the Red River, shown en Plate 3,
Appendix D.

The Assiniboine River will contribute a varyinz percentage of the

eak flows on the Red River at Winniper depending on the degree of coincidence
P p 5 I (= (%)
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and magnitudes of the floods in the respective drainage areas. Under natural (ﬂj
conditions and for a particwlar flood, the waler levels throuch the reach i
controlled by the Floodway would be relatively unaffected by the distribution
of flows since the short backwater profile, from the junction of the Assiniboine
and Red Hivers to the Floodway inlet, would correspvond approximately to the
natural profile obtained if all of the flow orizinated on the Red River,
The effect on the water levels downstream of the Floodway inlet would be
significant, however, when the Portage Diversion and Shellmouth Reservoir
are considered in operation since, in general, these works become more
effective with an increase in the size of the flood. A correlation between
the peaks on the two rivers is required, therefore, in order to select the
probable Assiniboine River contribution to any flood peak on the Red River.
Although correlations between the Red and Assiniboine Rivers
peaks were developed during previous investigations, a new correlation (:)
was prepared which would be suitable for design purposes; take cognizance
of the overflow contribution via the Riviere Sale; and would include the
additional available records. The relationship between the peak flow on
the Red River below the confluence with the Assiniboine River, referenced
for convenience at Redwood Bridge, and the contribution from the Assiniboine
River was determined by fitting a line, by the method of least squares,
through the plotted positions of the 49 years of records available for the
period 1913 - 1951, The relationship which is shown on Flate 2, Appendix D
is hased on the followin~ assumptions:
1., The Red and Assiniboine River peaks are coineident, °
2. The recorded peaks of 1$50 are not representative of the sample.
3. The theoretical thousand year flood may be included in the sample. <::

4. A linear regression line would give a suitable fit,



O

~ D5 -

During the 49 years of record, peaks on the Red and Assiniboine
Rivers have heen coincident eirht times and the Assiniboine River p=ak
at Headingley has occurred within one week of the Red River peak 50 percent
of the time and within two weeks 75 percent of the time. Becausa of the
flai flood hydrocraph on the Red River the peaks can be considered as
coincident.
The proportion of Assiniboine River contribution during the
1950 flood was considerably lower +than for the other recorded floods., The
1950 peaks, although recorded events, were therefore discarded as being
mrepresentative of the sample., The Red River Basin Investiration estimated
the 1000 year {lood at liinniper to be 270,000 ¢.f.s., of which 57,000 c.f.s.
world be contributed by the Assiniboine River. These flows were introdiuced
to the sample in order to provide a more accurate extrapolation of the
relationship beyond the recorded events.
The correlation between the peaks is given by the eguation of
the linear regression line
v Y=2,300 +0.213 X
wvhere: Y = The total Assiniboine River contribution to the Red River
peak in c.f.s. i.e. the Assiniboine River flow at Headingley
plus the portion of the overflow between Portage la Prairie
and Headingley which would contribute to the peak flow of
the Red River,

X = The peak discharge, in c.f.s., of the Red River below the
confluence with the Assiniboine River.

A coefficient of correlation of one indicates a perfect corre-
lation, The cnefficient for the above rerression line, adjusted for size
of sample, of 0.91 indicates, therefore, that a rood correlation exists

tetween the peak f{lows or, rnore correctly, between conditions causing the

peak flows. Although the correlation is good, the adjusted standard error
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of estimate of 3,620 c.f.s. is relatively high. (~)
The rerression line represents an averaze condition only and the

Assiniboine River contribution could vary considerably as indicated by the

scatter of the points and the standard error of estimate., Although the

variation would have a negligiblie effect on the natural water surface

elevations for a particular flood, it would influence the water levels,

through the reach of the river controlled by the Floodway, when the flood

control works are in operation, A range, within which the Assiniboine River

sontribution would fall 90 percent of the time, was selected as the practical

rance to be considered for design purposes and the limits of this range

have been defined as the maximum and minimum Assiniboine River contribution,

3r using a statistical approach it was possible to determine what the variation

would be. There is a standard error of estimats in the ordinate and slope

of the regression line from which it is possible to determine the range within C:j

which the true line would probably be 90 percent of the time. The range of

Assiniboine River contribution is given by the value of the regression line

plus or q;nus.l.69 times the adjusted standard error of estimate. Thus, for

the desigﬁ flood of 169,000 c.f.s., at Redwood Bridge, the Assiniboine River

contribution would probably be between 29,100 c¢.f.s. and 47,500 c.f.s.

90 percent of the time.
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