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To the PRESIDENT of the COUNCIL,
PROVINCE of MANITOBA

Su,

We the Commuissioners, appointed as a Royal Commission on
Flood Cost-Benefit by an Oider in Council 1795/56, dated
18th December, 1956, were directed to make inquiry, find-
ings and i1ecommendations 1n accord with the terms of
teference theiein set forth,

BEG TO SUBMIT THE FOLLOWING REPORT
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Foreword

In Chapter 1 of this 1eport will be found set forth mn
brief form, the flood thireat which faces Southern Mani-
toba, the specific recommendations of the Commission for
protection of the flood-ptone areas, together with a state-
ment of the benefits which logically should flow from im-
plementation of 1ts 1 ecommendations

Chapter 2 outhnes some of the salient features in the
background of the flood problem, and gives a short state-
ment of the measures which the Commission considered,
and accepted or rejected, as a result of 1ts studies

In Chapters 1 and 2, r1ead together, the Commuission has
stated the main facts about floods and flood protection
which an interested citizen should know It 18 the hope of
the Commission that these chapters may develop informed
opinion of the present tlood danger to our economy, of the
protective measures now i1ecommended and of what may
happen 1f counter-measuies are not taken immediately

For those whose 1nterest in the subject 1s more analyti-
cal, Chapters 3 to 11 offer further elaboration on the econ-
omic studies made by the Commission Chapter 12 15 a
report on Flood Insurance For those who wish to study the
engineering basis of the report, attention 1s directed to
Appendix G, in which are histed the engineermg repoits on
which the Commission has relied

XII
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CHAPTER 1

RECOMMENDATIONS

The 1950 flood 1s still fresh m the minds of
the people not only 1n Greater Winnipeg and
in the basins of the two great rivers but also
mm lesser degree across Canada and i fact
throughout the continent

Not as well known 18 the fact that disastrous
floods occurred 1n 1826, 1n 1852 and in 1861
Furthermore 1 1956 with adverse weather
conditions during the runoff period, the flood
level 1n that year could have been even greater
than that of 1950 in fact, almost 2 feet higher
If this had occurred 1t 1s probable that all the
dykes including any emergency dykes built
on top of the present permanent system would
have been overtopped and flood waters would
have covered a large section of Greater Win
nipeg and much of the Red River Valley Even
with favourable weather conditions severe
flooding did occur on the Assimiboine 1in 1956

Since the 1950 flood 1s the only major flood
in the memoiy of most people 1t 1s interesting

to compare 1ts magmtude with other major
floods on the Red River

1950—peak flow of 103,600 cfs (cubic feet
per second) and an elevation at the
junction of the Red and Assimiboine
of 7585 feet (802 feet above aty
datum)

1861—peak flow of 125,000 ¢fs and eleva
tion 2 feet higher than in 1950

1852—peak flow of 165,000 ¢cfs and eleva
tion 4 feet higher than in 1950

1826—peak flow of 225000 cfs and eleva
tion 6 feet higher than in 1950

There 1s talk of a legendairy flood in 1776
which exceeded that of 1826 but there 15 no
accurate record to support this

The Red River Bagin Investigation estimated
that the maximum flow that could be reached
under the worst conceivable combination of
carcumstances would be 270,000 ¢fs This
would produce a flood level in Winnipeg of
from 7 to 8 feet higher than the 1950 flood
Disastrous floods have also occurred on the
Assimiboine River In fact m 1882 the peak
flow at Poitage la Prairie 1s believed to have
been more than twice as large as that which
occurted m 1956

FACTS AND FINDINGS

1 Given the conditions that cause flooding
it 18 as certain as the law of mathematical
probability that

(a) Greater Winnipeg and the Red River
Valley will experience a flood of 1950
severity or greater on the average of
once every 36 years

(b) The Assimiboine Valley in certain reaches
will be flooded at much more frequent

intervals Damage will be particularly
severe 1 the Portage to Headingley
1each

2 Faced with the certainty of floods, the
people of Greater Winnipeg and of the Red
and the Assmibowme Valleys can do one of two
things (a) accept the damages fiom flood
when they arise or (b) take engineeiing steps
to reduce or prevent them

The problem facing this Commission was to
ascettun 1f there were preventive measures
which would be less expensive than accepting
the damage from the floods themselves

It was found that

(a) There are a number of engineering p10-
jects that will substantially protect
Gieater Winnipeg at a cost considerably
less than the anticipated flood damages

(b) Thete are two major projects on the
Assimibomne River which 1n view of the
benefits they give to Winnipeg and the
Assimboine Valley have an economic
justification

(¢) Due to the nature of the terrain and the
type of floods there are no known
methods of protecting the Upper Red
River Valley as a whole that have an
economic justification There are en-
gineering projects which can effectively
prevent flooding but the cost of these
13 many times the cost of the damage
prevented

There are a number of towns and
villages which can be protected by ring
dykes to a certain flood level with an
economic justification

If detailed engineering studies are
made a combmation of smaller projects
may be found which with the Pembina
Reservoir offer hope of some protection
These studies will require considerable
time to develop and to bring to finalty

3 By computing the piobable flood fre
quency the probable size of floods and the
amount of damage hkely to be done the Com
mission estimates that at present day costs
and with the present population, the anticipated
floods thieat of floods and fighting of floods
i the three areas studied represent an annual
average economic loss to the people of the
Province of Manmtoba of approximately $14
million as follows

Greater Winnipeg $12 870 600
Red River Valley 731 400
Assimboine Valley 497 900

§14 099 900

This means that the total cost on an average
for the next fifty years with no gain in popula-
tion and with no increase mn price levels, would
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be $700 000 000 The details of these costs or
damages are set forth in Chapters 6, 7 and 8

4 Floods do not occur with any regularity
The fiequency of flooding 1s important to
know but 1t 15 equally impottant to remember
that, cven with a [1equency expectation of once
in a hundied years that once’ may be next
year

RECOMMENDATIONS

1 The Commission tecommends the follow
Ing major projects

(a) A Greater Winnipeg Floodway with a
capacity of 60000 ¢ts (Plan 60 768)
at an estumated cost of $57 »61 000

(b) A diversion of the Assiniboine River to
Lake Manitoba along the High Bluff
Route with a capacity of 25000 ¢fs at
an estimated cost of $8,672,000 (herein
after 1oferred to as the Portage Diver
sion)

(c) A storage i1eservoir near Russell, Mani
toba at an estimated cost of $6 450,000

These projects as shown on Plate 2 axe de
scribed briefly in Chapter 4 of this volume and
are explained 1n moie detail i the Report of
the Red River Basin Inve.tigation

Taken as a group thcse three projects cost
about $725 million provide average annual
benefits of $10 920 000 and have a benefit cost
ratio of 273 (see Table 11) The implementa
tion of this recommendation will ensure virtu
ally complete flood protection to all parts of
Gireater Winnipeg behind the main dyking sys
tem for all floods up to 169 000 cubic feet per
second This piovides a margin of 656000 ¢fs
n excess of the 1950 peak These projects also
offer a very high degree of flood piotection to
the farming area between Portage la Prairie
and Headingley, and substantial protection to
the valley flats between Millwood and Brandon
In total they provide flood protection to a
large portion of the Provinee’s population and

While the primary purpose of each of these
projects 1s flood protection one of them the
Russell Reservoir, also provides important bene
fits 1n the form of a better and more assured
water supply for the towns and cities along
the Assimiboine River and an mmprovement in
the degree of sewage dilution 1n the same areas
and 1in Greater Winnipeg

2 The Commuission also recommends

(1) That a detailed engineering study of
the potentialities of the Pembina Dam be
undertaken by a competent authority so
that its benefit cost characteristics 1n
terms of water supply may be assessed
m conjunction with its benctits from
flood control, which latter, under present
knowledge were not substantial and
that thercafter the inclusion of the Dam
with the major projects recommended 1n
1 above be reconsidered

The Commission observes that the en
gineering studies of the Red River Basin
Investigation on which 1t has relied
throughout were not as detailed on the
Pembina Dam as those on the major pro
jects which 1t now recommends

(b) The construction of ring dykes around
towns and villages along the Red River
south of Winnipeg 1f detailed studies
prove them to be feasible and economie
as well as acceptable to residents It 18
estimated that this will cost up to
$1,250 000

(¢) That detauled engineering studies be
commenced 1mmediately i the Upper
Red River Valley to determine the ef
fectiveness and benefits from flood
control and water supply of
(1) small reservoirs on the tributaries
(1) mmpioving the present main chan-

nel at various locations so that a
more uniform capacity may be se

productive capacity cured
Table 11
BENLEITITS AND COSTS FOR THREE MATOR PROJECTS
Benefit
Capitl Annual Annual cost
Project Cost C ost Benefit Ratio
( r1eater Winnipe,, Floodsay Plan 60 76% 60000c i< %57 361 000 $3 161 700 $ 0127 000 259
TPorta.e Diversion Iigh Bluff 20 000 ¢ f s 8 672 000 506 200 4 257 000 9 06
Russell Reservorr 6 450 000 333 900 2 062 000 6 1s
Combimation of Thice Projeois $72 483 000 %4 001 S00 %10 920 000+ 2493

By virtue of duplication at lower flood levels this s les than the total of cach project done  bee Chapter U1

NorF In this report annual interest and amortization costs have been calculated on the basis of a 4 peircent 1ate of mtcrest
I his 15 close to the averare 1ate paid by the Province of Mamtoba over the past ten years The Commission 1 aware that cutrent

mterest rates are higher than this

The use of a higher rate would resultin a lower benefit co t ratio 1t would not result m any chan_e i the Commission s recom

mendations

With an interest rate of 5 percent instead of 4 percent on the three major projects recommended the beneht cost

ratio would be 2 30 (nstead of 2 73) and the annual cost would be $4 740 400
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RECOMMENDATIONS

In making this recommendation the
Commnussion recognizes that no majot
ptoject on which it has engineering in-
formation offers adequate protection fo
the Valley, and that a combination of
smaller projects, 1f fully engineered and
examined, may assist in meeting the
need for piotection

(d) The maintenance by the proper authoti-
ties of the channel of the Assimiboine
River at not less than its present capa-
city, 1n the area between Portage la
Prairie and Headingley In this region,
s1lt earried down from further upstream
has been gradually filling in the rive
channel, and the removal by dredging
of any obstacles to the free flow of the
river 1s necessary

MODIFICATION TO THE GREATER
WINNIPEG FLOODWAY

The Commission recommends that the intake
of the Greater Winmpeg Floodway, which, 1n
the plan proposed by the Red River Basin In-
vestigation, would leave the main channel of
the Red River just noith of St Norbeit at
Mile 627, be moved upstream to about Mile
638 (See dotted line Plate 2) providing this
proves feasible from an engineetring point of
view The cost of this extension to the Flood-
way will be about $3,000,000

While this addition to the cost of the Flood-
way will not have an economic justification at
this time, the Commission recognizes that 1t
will have other benefits now and m the fore-
seeable future and recommends 1t for the fol-
lowing 1easons

(a) It will bring St Norbert, now recog-
nized as an integral part of the Gieater
Winnipeg Metropolitan area, and some
of the area contiguous to St Norbert
within the area to be protected,

(b) The ncreased cost of some $3 0 mil-
lions 1s not material 1n view of the fact
that the Greater Winnipeg area inevi-
tably will face a major growth in the
next twenty-five years,

(¢) Even with the cost mmcrease due to this
extension, the overall benefit-cost ratio
18 still very favourable

WHAT THESE PROJECTS WILL DO

1 For Gieater Winmipeg and the Assimi-
boine River Valley

A combination of a 60,000 ¢ fs Greater Win-
nipeg Floodway, a 25,000 ¢cfs Portage Diver-
sion and the Russell Reservoir will provide
Greater Winnipeg and the Assimiboine River

Valley with a very substantial degree of flood
piotection

These projects will ensuie almost complete
protection to all parts of Greater Winnipeg
bhehind the maimn dyking system from all floods
of 169,000 cfs or less A flood flow of 169,000
¢fs will be reached o1 excecded only about
once 1n 165 years By building temporary dykes
on top of the existing dyking system, 1t may be
possible to carry an additional flow of some
20,000 c¢fs through the city Fuither, 1f the
control gates of the Gieater Winnipeg Flood-
way are operated so as to raise the natural
flood levels south of St Norbert, an additional
10,000 ¢ fs could be passed through the flood-
way channel around the city These emeirgency
measures would make it possible to fight a flood
of some 200,000 ¢ fs 1n the Greater Winnipeg
area

On the Assiniboine River between Portage la
Piairte and Winnipeg, the Russell Reservoir
and the 25,000 ¢ f s Portage Diversion together
will provide complete protection for all floods
not exceeding 55,000 ¢{s Floods 1n excess of
this amount can be expected to occur about once
1 every 500 years In addition, the Russcll Res-
ervolr will provide a substantial degree of pro-
tection against flooding 1 the valley area be-
tween Millwood and Portage la Prairie and 1n
the City of Brandon For example, 1f the Russell
Reservoir had been in existence 40 years ago,
1t would have eliminated almost all of the flood-
ing that has occuired since then in the valley
flats between Millwood and Brandon and in con-
junction with the existing dyke at Brandon, 1t
would have prevented all flooding in the arca
protected by the dyke

The Russell Reservonr will also make 1t pos-
sible to maintain a minimum monthly summel
flow of 600 cfs at Portage la Prairie and
Headingley 1nstead of the present minimum of
160 ¢ s This will provide a more assured pot-
able water supply for Brandon, Portage la
Prairie and a number of smaller towns along
the river Better sewage dilution will also be
provided in the Greater Winnipeg area and 1n
the arca downstream from the reservoir This
improvement 1n water supply will make these
cities and towns more attractive to industry
and should substantially assist theiwr future
growth and prosperity

2 For the Red River Valley South of Win-
nipeg

The 1ing dykes proposed by this Commission
would g1ve partial flood protection to towns and
villages 1n the valley In some towns these dykes
would cause considerable inconienience and
dislocation (See Chapter 4), but they appear to
be the only flood project in the Red River Val-
ley which has an economic justification at the
present time
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REASONS FOR SELECTING THESE
PROJECTS

Most of the projects under analysis by the
Commission showed favourable benefit-cost
ratios when considered separately, distinet
from any other pioject This made 1t evident
that a substantial degree of flood protection
would be justified But only two of these pro-
Jects had sufficient capacity by themselves to
give Greater Winnipeg an adequate degree of
flood protection These two projects were

(a) An enlargement of the channel below
and through Winnipeg from 1its present
cafpamty of 80,000 cfs to some 140,000
cfs,

(b) A floodway around the city large enough
so that the floodway, plus the present
river channel, would carry a flood flow
of 140,000 cf's

The second of these two alternatives proved
much more economical Thus, to 1ncirease the
capacity of the present channel by 60,000 ¢ f s
would cost some $123 million whereas a flood-
way with a capacity of 60,000 ¢fs would cost
only $57 million

Not only 1s the floodway more economical but
it can also be expanded 1n size more easily, its
construction would involve no major disturb-
ance to industrial activity in the city such as
will occur with channel improvement, and 1t
will avoid the risk of increased erosion to
bridge piers and the scouring of river banks
which might occur with the increased river
velocities resulting from channel improvement

For these reasons the majority of this Com-
mission had no hesitation in accepting and
recommending the floodway as the main form
of flood protection for Greater Winnmipeg

Taken by itself, the Ste Agathe Detention
Basin showed a very favourable benefit-cost
ratio Unfortunately, this project involves the
periodic flooding ot valuable farm lands and
small towns in the Red River Valley with con-
sequent 1nsecurity to the farmers and home
owners 1n the area to be flooded Furthermore,
since 1t could not by itself give adequate pro-
tection to Greater Winnipeg, 1t would have to
be combined with some other project or pro-
jeets Finally, there 1s always the risk in oper-
ating the reservoir that some of its potential
benefits may be lost thiough failure to predictl
the timing of the flood accurately For these
reasons, the Commuission rejected the Ste
Agathe project early in its thinking

During 1ts studies the Commission gave con-
sideration to the flood protection value of the
Perimeter Highway presently under construe-
tion around Greater Winnipeg It 1s understood
that this highway 1s bemng constructed to a
mimimum elevation of one foot above the 1950

flood level and includes a Red River Bridge
capable of passing the 1950 peak flow without
appreciable backwater As thus designed, the
highway grade would tend to prevent overland
tlow on both sides of the River from reaching
the City, in the same manner as McGillivray
Boulevard did in 1950 However, the main river
flow, at least up to that of 1950, would pass
through the highway bridge unchecked and
would be controlled downstream only to the
extent of the capacity of the existing, or emer-
gency, 11ver dyking system Flows greater than
this would be somewhat restricted by the bridge,
the effect of which would be to set up a head
of water which would increase the discharge
through the bridge into the downstream dyking
system KEventually these flows would overtop
the highway grade Control gates 1n the bridge
structure and permanent or emergency dyking
along the highway would limit, to the extent of
their capacity, the flow into the downstream
dyking system, but their effect would be to
create artificial flooding m the upstream val-
ley, including St Norbert, in a manner similar
to the Ste Agathe Detention Basin All the
other disadvantages of the Ste Agathe project
would exist to the same or greater degree 1n this
method of flood prevention and the Commis-
sion therefore gave no further consideration to
the use of the perimeter highway as a major,
permanent flood control work

During the course of 1its study the Commis-
sion raised the question of combinming into a
single structure the perimeter highway bridge
and the river diversion structure for the Great-
er Winmpeg Floodway The Provincial Depart-
ment of Public Works referred the matter to
1ts consulting engineers who submitted a re-
port stating that, while under certain limited
circumstances, some saving 1n total cost could
be obtained, this was too indefinite, and not
sufficient to outweigh the advantages in plan-
ning and timing obtainable by the use of sep-
arate structures The Commussion found this
report consistent with its recommendation that
consideration be given to relocating the inlet of
the floodway to a point south of §t Norbert

Several plans for eliminating the reef at Lis-
ter’'s Rapids and for enlarging the channel
below Winnipeg were investigated While these
plans had beneflit-cost ratios on parity with
those obtained on the floodway, they had the
disadvantage that they did not provide a uni-
form amount of benefit throughout the ecity
Most of their benefits were 1n the northern and
central portions of the city Very little benefit
would be provided to the south end of Metro-
politan Winmpeg Further, once a certain meas-
ure of channel improvement had been made,
any additional improvement in the way of flood
stage reduction became increasingly expensive
All 1n all, these plans were not as favourable
as the floodway and were rejected
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When considered by itself, the Eastern Tr1-
butaries Diversion has a benefit-cost ratio of
228 However, practically all the benefit pro-
vided by this project results from the preven
tion of flood damages 1n the Greater Winnipeg
area And for this area, the primary stages of
flood protection can be provided much more
economically by other methods When the East-
ern Tiibutaries Diversion 1s considered as part
of a combination of a 40,000 ¢ £ s floodway and
a 40,000 c f s Portage Diversion, 1ts incremen-
tal benefit-cost ratio 1s only 59 In contrast, an
mcrease 1n the size of the floodway from 40,000
to 60,000 ¢ £ s gives an incremental benefit-cost
ratio of 88 Because of its more favourable
ratio the Commission recommended the 60,000
¢fs floodway in preference to a combination
of the Eastern Tributaries Diversion and a
40,000 ¢ £ s floodway

Taken by itself, a diversion of the Assini-
boine River to Lake Manitoba at Portage la
Prairie, has a very favourable benef1t-cost ratio
For example, a 25,000 ¢ fs Portage Diversion
on the High Bluff route has a benefit-cost ratio
of 9 06 Mozeovel, even on an incremental basis
the benefit-cost ratio remains favourable until
a diversion capacity in excess of 40,000 cfs 1s
reached In other words, up to that point, the
additional benefits obtained from increasing
the size of the diversion 1s larger than the
extra cost of such an increase in 1its size In
combmation with a Greater Winnmipeg Flood-
way, this piroject retains its high benefit-cost
ratio As a part of a combination, 1t would be
particulaily valuable 1n very large floods, when
a substantial flow could be expected on the
Assimiboine River A 40,000 c¢fs diversion
would almost completely eliminate flooding be
tween Portage la Pranie and Winnipeg and
would also provide a substantial degree of flood
protection for Greater Winnipeg at a moderate
cost

Analysis showed that flood protection works
with a capacaity of up to 40,000 cfs would be
justified on the Assiniboine River This amount
of protection could be provided in two dilferent
ways

(1) by constructing a 40,000 ¢fs Portage

Daversion or,

(2) by constructing a 25,000 ¢fs diversion
and the Russell Reservolr

The Russell Reservoir would give flood pio-
tection to the upper reaches of the Assiniboine
River as well as to the area between Portage la
Prairie and Ieadingley and to Greater Winm-
peg While from a benefit-cost point of view, it
18 not quite as favourable as an increase 1 di-
version capacity from 25,000 to 40,000 cfs, 1t
would give flood protection to the upper Assini-
boine Valley and 1t provides a substantial co1ol-
lary benefit in the form of improved low water
flows A highet mimimum flow 1n dry peilods

will give aities and towns along the Assiniboine
a more assured water supply and provide better
sewage dilution in Gieater Winnipeg Accord-
mgly, The Commission decided 1n 1avout ot the
25,000 ¢ fs Portage Diversion and the Russell
Reservoir in preference toa 40,000 ¢ £ s Portage
Diversion

One problem which called for very cateful
thought was the decision as to the size of the
Greater Winmipeg Floodway that should be re-
commended Ultimately this question was nar-
rowed down 1o a choice between a 40,000 ¢fs
or a 60,000 c¢fs floodway capacity, each in
combimation with the Russell Reservoir and a
25,000 ¢ f s Poitage Diversion From a strictly
benefit-cost point of view, on the basis of to-
day’s population and property values, the extra
20,000 ¢fs capacity imn the laiger floodway
was not justified, since the ratio of extra bene-
fit to extra cost was only 88 as against a desir-
able 1atio of 10 In other words, for the
additional 20,000 ¢ f s floodway capacity, there
13 a saving of only 88c in annual benefits for
every dollur of annual cost

The Commission recommended a combination
involving the 60,000 ¢ s floodway for the fol-
lowing reasons

(a) The situation in Winmpeg 1s comphicated
by being at the confluence of two rivers,
both of which contribute to the flood
flow The major flow, of course, 18 on
the Red River and on the average, some
80 percent of the water passing through
Greater Winnipeg 18 from the Red and
20 pereent from the Assiniboine River
By 1ts geographical location 1t 18 much
cheaper to take the water out of the As-
siniboine than to take care of an equiva-
lent amount of water on the Red For
thig reason, in working out a combina-
tion of projects, the Commission utilized
as fully as possible the cheaper projects
on the Assiniboine River However, the
Cﬁ)mmlsmon was forced to recognize
that

(1) Projects on the Assiniboine cannot 1e-
duce the flood flows on the main stem
of the Red River, and

(2) While the cost-benefit figures used by
the Commuission 1n this report are of
necessity based on the average distri-
bution of flood flows, in any given
flood the contribution from south of
the junction point could be much
higher than average, 1n fact, 1n 1950,
93 percent of the peak flood flow in
Greater Winnipeg came fiom the Red
River itself

(b) Furthermore, with the forecast increase
m s17ze and population of Greater Win-
nipeg, 1n a very few years the incremen-
tal benefit-cost ratio will exceed 10
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To be safe, therefoie, the Commission con-
sidered 1t necessary Lo have a larger capacity on
the floodway than 1s justified by the immediate
mcremental benefit-cost ratio

The engineering nformation developed by
the Red River Basin Investigation for the
Pembina Reservoir was preliminary only Its
1eport indicates that the Dam would have re-
duced the flood flow at Winnipeg in 1950 by 3
mches or up to 1,500 cfe, a reduction which
cannot be considered substantial

Thig Commuission, on the basis of such engi-
neering study as was made by the Red River
Basin Investigation, determined that in terms
of flood control the Dam had a benefit-cost
ratio, as a single project, of 214, but that 1n
combination with other and larger projects,
such as the floodway, 1ts 1atio was only 32, 1t
therefore did not compare favourably with
other major projects such as are now recom-
mended, and on which engincering information
was available and more complete

However the Commuission 1s of the opinion
that further detailed engineering and economic
studies of the Pembina River Rescrvoir would
reveal not only additional local flood control
benefits but substantial benefits 1n the form of
domestic and industrial water supply, sewage
dilution, future irrigation and recreational
advantages

The Commission therefore recommends that,
since this study could not be completed within
the time available to the Commussion, 1t should
be undertaken as a separate mvestigation by
the appropriate provincial engineering autho:-
1ty with a view to ineluding it, if found advan-
tageous, 1 the overall water control program
for the Red River Basin

The Red River Valley otherwise poses a very
difficult problem for flood protection Because
of the flat terrain there are no reservoir sites
large enough to control any significant portion
of the runoff Flood protection could probably
be provided by enlarging and/or dyking the ex-
1sting channel or constructing a second channel
or floodway from the intake of the Greater
Winnipeg Floodway to a point near Emerson
Due to the proximity to the natural river chan-
nel of many farm and wvillage dwellings, any of
these forms of protection would disturb, leave
unprotected, or aggravate the flooding of much
of the river valley property and thus ieduce
the benefits of the works Investigations made
by the Commission indicate that the costs of
these projects would considerably exceed the
resulting benefits

The only exception to this conclusion, that
the Commuission was able to find, was a system
of ring dykes around the mamn towns and vil-
lages subjeet to flooding It 1s recognized
that these dykes would have disadvantages and

may hot be acceptable to many of the residents
but preliminary study indicates that they may
have [avourable benetit-cost ratios

Throughout 1ts studies of the Red River Val-
ley above Winnipeg, the Commission was at a
disadvantage due to the lack of detailed engi-
neering nformation Within its time limita-
tions 1t did obtain some preliminary engincer-
ing data on which the above comments are
based, but this was entirely 1nadequate on
which to make final economic appraisals and
conclusions The Commuission therefore recom-
mends that the Province undertake as eatly as
possible, detailed engineering studies, not only
of the above suggested control works along the
main stem of the Red River, but also of all
possible minor 1etention basing on all tiibu-
taries These, while not providing protection
from major floods, may provide some appreci-
able relief to the upper valley residents during
minor runofts, and additional benefits from
water conservation during low flow periods

CONSTRUCTION (OSTS

On many of the projects considered in this
1epoit, the original cost estimates were pre-
pared by the Red River Basin Investigation
These costs were reviewed by the Commission
and were revised in accordance with the 1957-
58 conditions The Commission felt that for
the purpose of the benefit-cost study, cstimates
of construction cost should be made on a very
conservative basis, because even these produce
favourable benefit-cost ratios There 1s some
reason to believe that if the works were under-
taken today, the actual cost might be lcss than
the Commission used 1n 1ts caleulations This
would result 1n even more favourable henefit-
cost ratios

FLOOD PLAIN ZONING

Flood plain zoning 1s often advocated as an
alternative to flood protection Under such a
plan, certain flood-pione areas would be 7oned
fo prevent any further construction These
areas would then be gradually converted into
parks or other uses which are not particularly
subject to flood damage

Such a plan, 1n the opmion of this Commis-
sion, would not be suitable for Greater Winm-
peg A great deal of property has already been
constructed 1n areas subject to flooding and our
studies show that 1t would be profitable to
construct a floodway and other works in order
to protect this property The flat character of
the terrain in the Greater Winnipeg area and
the Red River Valley would make 1t necessary
to zone a very large area in order to eliminate
serious flooding
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FLOOD INSURANCE (11) annual payments of $750,000 per

This Commission made a ca1cful study of the year
;(;S;tmand feasibility of a flood insniance pro- 3 Under the Prairie Faim Assistance Act
damage to growing gramn crops from
The Commuission concluded that many causes, mcluding flood, 1s reim-
1 A self sustaming flood msurance plan 1s bursed on a fixed and hmited scale, pro-
not practical or ieasible, either on a gov- vided the damage caused by flooding 1s
ernmental basis or by the msurance sufficient or extensive enough to qualify
idustry the area as a “crop failure area” In its

present form the PF A A docs not pro-
2 An assistance fund could be established vide a satislactory form of llood ndem-

(a) This assistance fund should be sup- nification The Federal Government could
ported by the Federal, Provincial and amend the PFAA to cover specific
Municipal governments in the same pro- losses to individual farmers for flood
portion as now applies in disaster relief damages to growing grain crops and for
throughout Canada the deterioration to farm lands caused

(b) For the Upper Red River Valley such by these floods The 1equired spread in
a fund would require premiums to make such a scheme opera-

(1) a capital sum of $16,000,000 at 4% tive and self-sustaining 1s now provided
mterest, o1 by the of 1% levy on the sale of all grain

The foregoing are the 1ecommendations ind findings of four membeis of the Commission,
namely Mi H W Manning, chuimain, Mt W C Riley, M\i W J Macdonald and Mr A § Beau-
en whose signatuies appear at the concdlusion of this teport

A dissenting opinion of the fifth member of the Commussion, M1 J McDowell, which has not
heen presented to the other Commissioners at this date, follows the majority report




CHAPTER 2

SCOPE AND NATURE OF STUDY

This Commission was set up to determine
whether the economic benefits of various flood
control woiks designed to reduce or prevent
flooding on the Red and Assiniboine River
Basins would justify the cost of these projects
It was asked, 1n particular, to direct its atten-
tion to the pioposals set forth in the Report of
the Red River Basin Investigation but 1t was
not iequuied to confine 1ts attention to these
projects only It was also requested to make 2
1eport on the practicability and estimated cost
of a flood isurance scheme for those parts of
the two river basins which could not be econ-
omically protected 1n other ways

The Red River Basin Investigation was set
up by the Government of Canada following the
disastrous flood of 1950 and was nstructed “To
Repoit on Measures for the Reduction of the
Flood Hazard in the Greater Winnipeg Ares ”
This authoiity prepared a comprehensive engi-
neering 1epott on the nature and causes of peri-
odic flooding on the Red and Assimiboine Rivers
and investigated and drew up p1elimmaiy engi-
neering plans on a wide 1ange of possible flood
contiol schemes on the two rivers For the
Assiniboine River, these proposals were based
on those icported 1n a parallel study of some-
what wider scope which had been undeitaken
by the Piawie Farm Rehabilitation Adminis-
tiation of the Federal Depaitment of Agri-
culture

While the Repott of the Red River Basin
Investigation contained a detalled study of
flood ficquencies, 1t did not include a study of
economic benefits and hence made no recom-
mendations for action

The repoirt of the nvestigation received
wide circulation mm Canada and throughout
the continent, paiticularly among hydraulic
engineers and gover nment and municipal bodies
faced with flood problems It has been generally
commended as a very thorough report This
Commussion theicfore accepted the report of
the Red Raver Basin Investigation as an
authoritative and sound base on which to de-
velop 1ts studies

In carrying out its task the Commission held
public hearings 1 Wimnmpeg, Portage Ila
Pianie, Biandon and Morris The consensus of
the submissions made and views expressed at
these hearings was that protection for the
various flood-pione areas should be recom-
mended by the Commission to the maximum
extent that was considered to be economically
justified The Commission agreed with this
view and pirocceded to examine various flood
control projects on this basis Its recommenda-
tions are, 1n the opimion of the Commussion, the
logical answer to the views of the public as
expressed at these hearings

THE TASK OF THE COMMISSION

The final goal of the Commission was the
preparation of beneflit-cost 1atios on the manv
different flood projcets under consideration
To 1cach this goal required extensive work of
both an economic and an chgineering nature

On the economic side, 1t was nccessary to
make a detailed study of the flood damages and
flood losses that would be caused by floods of
different sizes Such estimates were prepared
for three principal areas, Greater Winnmipeg,
the Red River Valley and the Assinmiboine Rive:
Valley (see Chapters 6, T and 8) By relating
these flood damage estimates for floods of dif-
ferent sizes to the fiequency with which these
floods can be expected to occur, 1t was possible
to arrive at estimates of the average annual
flood loss that can be attiibuted to all possible
floods

On the engineering side, 1t was necessary to
calculate the reduction in flood flows and river
stages that would be produced by the operation
of all the vaiious flood control projects By
combining this engineering nformation on
stage reductions with cconomie data on the
flood damages that would occur at different
flood levels, 1t was possible to convert the re-
ductions 1n flood stage into a dollar benefit, a
measure of the flood damages prevented (see
Chapter 5) This measure of average annual
bencfit was then compazed with the annual cost
of the project in question to obtain its benefit-
cost ratio

Annual cost 1includes interest on the capital
cost of the project, an amount sufficient to
amortize or pay off the capital cost of the pro-
ject 1n a 50-year period, and annual mainten-
ance and operating costs

Up to the present benefit-cost studies for
such a large and varied group of projects had
not previously been cairied out in Canada
However, the St Paul District Office of the
United States Army Corps of Engineers had
long experience 1n studies of this kind Its staff
were familiar with the problems of the Red
River Basin and had been consulted by the
Province previously With the consent of the
United States Government, the services of the
Corps of Engineers were made available to the
Commussion and the Coips’ policies, modified
to meet local conditions, assisted the Com-
mission materially m setting up a framework
for 1ts studies

FLOOD DAMAGES AND OTHER
FLOOD LOSSES
Data on the flood damages and flood losses

expected to occur in Greater Winnipeg during a
major flood are given 1n Table 21 It is clear
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that these may be very large indeed If a flood
such as that which occurred in 1861 were to
take place again today, our estimates show that
it would cause damages and losses 1n the
Greater Winnipeg area of some $267 million
This total includes not only the heavy damages
that would be caused to business, industrial,
governmental and residential property but also
the severe loss of income that would result
from a virtual cessation of activity in a highly
productive atea and extra costs incurred such
as the cost of evacuation

In 1861 there was a peak flow of 125,000
cubic feet per second at Redwood Bridge and
the water level 1n the city was about two fect
higher than thc peak recached mn 1950 It 1s
clearly a flood level that could be reached agamn
for, according to the forecasts made 1n the
spring of 1956, a peak flow of 120,000 e¢fs
could have been reached 1f adverse weather

conditions had prevailed during the runoff
period By the time such a flood level had been
reached, almost the entire city would have had
to be evacuated

Tor still larger but less frequent floods such
as those which occurred 1n 1852 and 1826, the
flood damages and flood losses that would be
caused 1n present-day Winnipeg would be even
mote severe Indeed, once the 1950 level 1s
exceeded, each additional rise of one foot 1n the
flood level inundates a large additional area
and causes a rapid incicase 1n the total amount
of damages Our estumates show that a flood of
the 1852 magnitude would cause damages of
about $593 muillion 1n lhe Greater Winnipeg
area and that a flood of the 1826 magmtude
would cause damages of about $852 million
The flood level reached in 1852 was about 4 feet
higher than that reached 1n 1950 and the level
1eached 1n 1826 was 2 feet higher still By the

Table 21

ESTIMATED FLOOD LOSSES, (1957) — GREATER WINNIPEG
SUMMARY BY TYPE OF LOSS FOR MAJOR FLOODS

Size of Flood Probable ¥lood Buildings Publie Utilitics, L oss Fatia Costs  Total
for which Frequency and Rulways Roads of and Flood All
Estimate 1s Made* Oncemn Evaay  Contents  Buidges and Sewets  Income Fighting Losses
(Thousinds of dollars)
1048 ( 69000 ¢ (s) 12 years ) 230 ) 54 $ 47 3 313 & 650
1950 (103,600 ¢ £5 )1 36 venrs 92 161 3,723 13 941 4,375 114 200
1861 (125000 ¢ fs) 64 years 166 487 5,108 S1,000 10,809 266,700
1852 (165000 « f5) 150 years 383 570 14 816 172 000 22,754 593,200
1826 (225000 ¢ fs) 460 years 392,598 17 353 216 000 26,549 852 500

*Hlood discharges ire 1t Redwood Bridge

+1930 flood losses arc bised on the assumption tht flooding 18 general belund the mam dyhing system

Table 2 2

ESTIMATED FLOOD LOSSES, (1957) — RED AND ASSINIBOINE RIVER VALLEYS
SUMMARY BY TYPE OF LOSS FOR MAJOR FLOODS

o
Size of Ilood Probable Blood Buildings Public Utilities Toss Extia Costs  Total
for which Fiequency and Ralways, Roads, of and Tlood All
Fstimate 1s Made* Once 1n Every  Contents Biidges and Sewers  Income Fighting Losses
(Thousands of dollars)
RED RIVER VALLEY
1948 ( 52000 ¢ fs) 11 years § 1221 % 293 $ 557 $ 113 % 2182
1950 ( 94000 e fs) 46 years 5 622 2 050 3 041 565 11 278
1852 (137,000 ¢ f s ) 150 years 9,514 4 611 5801 048 20,967
1826 (182000 cfs) 460 years 11,851 5 429 7 005 1,218 25,503
ASSINIBOINE RIVI'R VATLRY{
(19,000 cfs) 10 years § 167 $ 42 $ 446 $ 3 $ 686
(25000 cfs) 25 years 958 373 2 247 403 3,981
(36,000 cfs) 100 years 1,987 1,088 4,519 755 S 340
(66,000 cfs) 1 000 years 4,736 5 468 11,280 1,880 23 364

*Flood discharges are at Emerson for the Red River Valley and at Portage la Prairie for the Assintborne River Valley
1Flood losses at Brandon assume flooding 18 general behind the main dyking system
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time an 1852 flood level had been 1eached
vittually the entize city would have been evacu-
ated Some 70,000 dwellings would be 1n the
flooded area and in some 50,000 of these the
flood wateis would be above the main floor In
addition, some 75 to 80 peicent of all non-1esi-
dential property in the area would be flooded

The flood damages and other losses that
would be caused in the Red and Assimibome
River valleys outside of Greater Winnipeg by a
number of major floods, are shown mn Table
22 In the Red River Valley above Winnipeg,
the total losses caused by a flood of the 1950
magnitude have been estimated at $11 3 million
A major item 1n this total, some $2 million, 19
the loss of farm income which can be expected
to occur on the average as a 1esult of the delay
m the date of seeding and the disruption caused
to livestock on farms in the flooded area Im-
portant too, are the damages that would be
caused to farm and non-faxm buildings, to per-
sonal property to grain, livestock and machin-
ery, to business inventotles and fixtures and to
roads, biidges, railroads and other types of
propetty

TFor still larger floods, these damages would
merease to about $21 mallion for a flood of the
1852 magnitude and to $25 5 milhion for a flood
of the 1826 magnmitude It 1s estimated that in
a flood such as occurred in 1826, some 960
square miles of valley land would be flooded,
almo={ twice the atea that was flooded in 1950

In the Assinibome River Valley, the heaviest
damages occut 1 the area between Portage la
Prairie and Headingley Here 1t 1s estimated
that a flood of 36,000 cfs, a flood that can
be expected to occur on the average about once
mm 100 yeais, would cause damages of 373
million Though there have been no recent
floods on the Assiniboine of this size, the flood
that occurred 1n 1882 18 believed to have been
larger than this Damages 1n the valley area
between Millwood and Portage la Prairie are
significant but much smaller in magnitude than
those 1in the Poitage plains

As the city grows, the benefits that will be
detived from any flood piotection scheme that
18 constructed today will gradually 1ncrease in
s1ze as the city’s population and mncome level
increases In providing flood protection for the
Greaten Winnipeg alea, some attention must
also be paid to the growth that 1s 1n prospect
for this area over the next 25 or 50 years Our
estimates indicate that, when account 1s taken
of growth, the bencfit-cost ratios, which are
based on present property values and incomes
only, will be incteased by a factor of 50 percent
Thus, when allowance 1s made for the city’s
prospective growth, the benefit-cost ratio for
the combmation of projects recommended
above, 2 73, will be incieased to 4 09 An allow-
ance for growth has been made only 1n respect
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to the Gireater Winnipeg area While growth
will undoubtedly be of significance in other
areas, no lirm basis was available for such
estimates

FLOOD PROTECTION MEASURES
CONSIDERED

There are four basic types of projects avail-
able to prevent floods floodwavs or divei-
sions, reservolrs or detention basins, improve-
ments to the 11ver channels, and dykes,
levees or river walls The Red River Basin
Investigation studied and preparced preliminary
engineering plans for a number of projects of
each of these types This Commission examined
ih some detail all of the projects suggested by
the Red River Basin Investigation In addition,
a number of piojects which the latter body
considered outside 1ts terms of reference or
examined only briefly, were given preliminary
consideration The following 1s an outhne of the
prineipal projects examined 1 this report

A Tloodways and Diversions

1 The Greater Winnipeg Floodway

A diversion of the Red River around and east
of Greater Winnipeg Preliminary plins were
made for ten different designs ranging in size
from 20,000 c{s to 145,000 cfs

2 The Potrtage Diversion

A diversion of the Assiniboine River into
Lake Manitoba at Portage la Prairie Proposals
wete made for two alternative routes and for
three sizes of diversion, that 1s, diversions with
capacities of 10,000 cfs, 25,000 cfs and
40,000 ¢ fs

3 The Eastern Tributaries Diveision

A diveision 1n the eastein half of the Red
River Basin which would divert the Roseau
Rat and Secine Rivers thiough Cook’s Creek
into the Red River near Selkuik

B Reservons and Detention Basins

1 The Russell Reservoir — a reservoir with
a capacity of 450,000 acre feet on the
Assimiboine River near Russell, Manitoba

2 The Ste Agathe Detention Basin

3  The Pembina River Reservoir

A dam on the Pembina River some miles
south west of Morden

4 Small dams

Small local dams, much smaller than the
Russell or Pembina River Reservoir

(' Channel Improvement
1 Channel widening and deepening on the
Rled River downstream from Winnipeg,
especially 1n the aiea known as Lister’s
Rapids The Red River Basmm Investiga-
tion considered 22 different proposals for
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channel improvement in this area and
1ecommended three for fuither study

2 Channcl Improvement thiough Greater
Winnipeg

A proposal to widen and deepen the channel
through the city was dismissed as impractical
by the Red River Basin Investigation This
Commussion gave this project further study and
piepared preliminary plans for impioved chan-
nels of threc diffeient magnitudes

3 Channel Impiovement from St Norbert
to Emerson
Prelimimary plans were prepared for two
diffcient sizes of channel enlaigement in thig
4area

D Dykes

1 Dyking in the Gieater Winnipeg Atiea
A proposal to inerease the height of the pie-

sent main dyking svstem by an additional five
feet

2 Dyking 1n the Red River Valley

Two proposals were examined One of these
was a proposcd system of dykes on either side
of the Red River fiom Winnipeg south to a
point near Letellier The other was a proposal
to build ring dykes around the piincipal wil-
lages and towns 1n the valley

3 Dyking on the Assimiboine

Dyking 1n three areas was considered (a) a
system of dykes on either side of the Assini-
bome from Headingley to Poitage la Praiie,
(b) a dyke 1n the Biandon flats, (c¢) dykes
along the Assiniboine betwcen Millwood and
Brandon

These projects arc desciibed 1n some detail
in Chapter 4

GENERAL CONSIDERATIONS

In seeking appiopiiate tecommendations, the
Commuission was guided by the following gen-
eral or basic principles

(a) The bencfit-cost ratio, 1e, a compari-
son of the amount of damage prevented
with the cost of the engineering project,

(b) Safety of the areas which requite pro-
tection,
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(c) Evenness of protection and number of
people, of homes, of stiuctures, of busi-
ness opcrations, and of public works and
buildings piotected,

(d) Consistent with economic justification
therefoire, covering the widest aica pos-
sible,

(e) Corollary benelits, such as 1ncieased
river flow, 1rrigation, water supply,
scenic and rectcational values

(1) Unfavourable corollary factors, such as
mereased erosion, mconvenmence, dislo-
cation,

(g) Expectation of expansion

While under its terms of 1eference the Com-
mission was goveined generally by dollar con-
siderations, that 1s, costs comparcd with bene-
fits, 1t was aware that no dollay value could
ever be atfributed to the intangible benefits
which will ar1se from removal of the threat of
flood from the minds of those who live con-
stantly with that thieat and are facced every
yvear with the possible rccutrence ol a major
flood Nor can a dollar value be placed on the
benefit that may occui 1n the form of 1ncreased
confidence i the minds of industiialists who
may be considering the location of new business
premises in any flood-prone aiea

The plan of this study 1s as follows Chapter
3 gives a general desciiption of the nature and
irequency of floods in the Red and Assiniboine
River Valleys In Chapter 4, a gencral descrip-
tion 1s presented of the many [lood control pto-
Jects that were analyzed by the Commission
After this, in Chapter 5, an cxplanation of the
basic theory undetlying a benefit-cost analysis
1s presented Chapters 6, 7 and 8 present basic
damage estimates for Greater Winmipeg, the
Red and the Assiniboine Tver Valleys and
explains m gencral terms how these estimates
were made Chapter 9 provides an explanation
of the way prospective growth can be mncorpor-
iled 1nto a benefit-cost analysis Then, 1mn Chap-
ter 10, each of the projects under consider ation
15 analyzed fiom a benefit-cost pomnt of view
In Chapter 11, a stmilar analysis 1s applhed to
various combinations of projects and the rea-
soning underlying the final conclusions 1s ex-
plammed A chapter on Flood Insurance com-
pletes the body of the report
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CHAPTER 3

THE NATURE AND FREQUENCY OF FLOODING
IN THE RED AND ASSINIBOINE RIVER BASINS

The Red River originates in the North-Cen-
tral United States some 350 miles almost due
south of its outlet 1n Lake Winnmipeg In the
City of Winnipeg 1t 1s jomned by 1ts major
trmbutary, the Assimiboine River, which drains
an area of 63,000 square miles to the west
Despite the fact that the area drained by the
Red River to the south of Winnipeg 15 smallex
than this, bemng just 48,000 square miles, the
maximum flows on the Red are much higher
than those on the Assinibomne During the
perrod of record fiom 1913 to 1957, some 80
per cent of the peak flows at Redwood Biidge
in Winnipeg came down the main stem of the
Red Further, a very large portion of these
peak flows, some 80 per cent or more, originated
1n the United States Of this total dramage aiea
on the Red alone, some 39,360 square miles aie
m the United States and 8,640 square miles are
m Canada (See Plate 1)

The diainage area of the Red River has two
basic types of topography The cential portion
of the area extending east and west of the
river 1s the bed of the former glacial Lake
Agassiz Thig region 1s a broad, flat plain with
very gentle slopes As a 1esult, once the 11ver
leaves its banks, very extensive areas are sub-
1ect to flooding In 1950, for example, an area
of 580 square miles was flooded between Win-
nipeg and the international boundary at Emer-
son Suriounding the plain 15 a 1ougher and
higher upland region

Because of the gentle slopes that characterize
this former lake bed, the Red River and the
lower end of 1ts titbutaries have never develop-
ed sufficient velocity to cut channels adequate
to carry the higher flows From Wahpeton,
North Dakota, to Lake Winnipeg, the river
makes a gradual continuous descent averaging
about one-half foot per mile Between Emerson
and Winnipeg the slope 15 especially flat, ave:-
ging only about one-quatter of a foot per mile

The so1l covering the Red River plamns con-
sists of a highly plastic clay which 1s able to
hold large quantities of water and possesses
high swelling and shrinking characteiistics with
changes 1 moisture content These qualities
make 1t a veiy poor foundation material and
make the 11ver banks 1n many areas unstable
and subject to shides, a characteristic which
Sir Sandford Fleming noted in his report of
1879 Undeilying these clays, at depths of from
4 to 60 feet, 15 the glacal duift or hardpan, a
heterogeneous mass of rock flour, clay, sand,
gravel and bouldets which, in contrast to the
ovelrburden, makes excellent foundation mate-
ria

The characteristics of the Assimiboine River
drainage basin contrast sharply with those of
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the Red In the wea west of Brandon, the Assi-
mboimne and the Qu’Appelle Riveis flow through
broad, deep valleys that are 1 many places
depressed fiom one to three hundred feet below
the general prairie level In glacial times, the
South Saskatchewan River diamned into the
Assimbome via the Qu’Appelle and eventually
flowed into Lnake Agassiz At one stage, the
shores of Lake Agassiz 1eached to Biandon but
the large volume of sand and gravel carried
into the lake by these nivers built up a large
delta which giadually moved eastward towards
the present location of Portage la Prairie

At the end of glaciil times the South Saskat-
chewan took a northward coutse and the flow
through the As<iniboine and 1ts tributaries was
greatly reduced At the present time, the Assi-
niboine River ibove Brandon flows thiough a
small channel 1 the 1elatively flat valley bot-
tom In this area, the valley bottom falls very
slowly, about one-half to one foot per mile, and
as a result, the 11ver hag little erosive power
Because the 11ver banks aite usually higher than
the adjacent valley land, as soon as these banks
are overtopped, almost the entire valley flats
are flooded Firom Birandon to Poitage la Praire
the 11ver gradient 1s steeper and the river 1s
still actively eroding its channel

Between Portage 1a Praitie and Winnipeg the
11ver now flows along wh it 1s virtually a nar-
10w 11dge Over the course of time the river has
gtadually built up 1ts channel until the water
level 1n the 11ver 1s often higher than the land
a few miles from the river As a result, when
the 11ver oveirflows 1ts banks, the water either
flows south and east {0 enter the Red via the
Sale River or flows to the noith, going into
oveiland storage or returning to the Assin-
bone via Saver’s Cxreek In years of very high
water, there 18 also some flow north from Por-
tage la Prairie into Lake Manitoba

There 15 evidence that at one time the Assim-
bome River flowed north fiom Portage la Prai-
rie into Lake Mamtoba Aenal photographs
also indicate at least six old river channels south
of the present channel through which the river
used to flow to reach the Red

The natuial channel capacity of the 1iver mn
the region from Portage la Pranie to Winnipeg
had been inereased by dykes along the edges
of the 11ver bank These dykes were f11st begun
by the Federal Depaitment of Pubhc Woiks
1 1922 and have more recently heen extended
and improved by the Prairie Farm Rehabilita-
holn Branch of the Federal Department of Agr-
culture

Because of the many sharp turns in the nver
and the still limited channel capaecity, flood
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troubles 1n this area are severe and are accen-
tuated by frequent ice jams during the spring
r1unoff

Anyone who views the Red River in Winnipeg
at 1ts normal summet level may have difficulty
believing that 1t could cause disastious floods,
for at such times the Red 1s a placid stieam
flowing between well-defined banks from 20 to
30 feet high Yet there are authentic 1ecords of
a number of vetry extreme flows The 1950
flood, the largest within the memory of anyone
now alive, 1eached a flow of 103,600 cfs and
an clevation some 30 fcet above the noimal
summet water level

Though this has been viewed by many as an
extreme flood, and 1t was the largest flood since
Winnipeg bhecame a city of substantial size,
there aie clear recoids of three floods since
the aiea was first seltled, all of which weie
larger than the 1950 flood Indeed, two of these,
the {loods of 1826 and 1852, were very much
larger as the following data cleaily indicate
(See also Table 3 1)

Level of Water above
Estimated Peak Flow 1950 Flood Peak at
at Redwood Bridge Mamn Sticet Biidge

1826 225,000 cfs 6 feet
1852 165,000 c¢fs 4 feet
1861 125,000 cfs 2 feet

Thus, 1n 1826, the voluume of water flowing
through Wiunipeg was moie than twice as large
as the amounti 1ecorded in 1950 and the water
teached levels 1n the city that were 6 feet
highe:r thap i 1950

Theie are also historic 1eferences to a major
flood on the Red in 1776 TIn addition, there
may have been other major 1loods 1n this period
for which theie 1s no record The Red River
Basin Investigation estimated that a flood as
large as 270,000 ¢ fs could occur

That our records of the flood elevations
1eached 1 1826, 1852 and 1861 are as good
as they are 1s 1n large measure due to the care-
ful records made by Sir Sandford Fleming in
1879 In examiming the river mn the area from
Winnipeg to Selkirk with a view to choosing a
smtable location for a crossing by the CPR,
Sir Sandford questioned local imhatants who
had witnessed the earlier floods and on the
basis of thenn ewvidence and the high watex
marks they pointed out, drew up a set of eleva-
tions for these three historic floods at various
ponts between the mouth of the Assimiboine
and Selkairk After a thorough exammation of
all the historical records of this period, the Red
River Basin Investigation confirmed the gen-
eral accuracy of these findings On the basis of
these elevations and after examining the cross-
sectional area of the river below Winnipeg,
the Red River Basin Investigation then estim-
ated the volume of flow for each of these his-
toric floods
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As far as can be determined, there 1s no
evidence of any mcrease mn the size of the chan-
nel 1 this aiea of sufficient impoitance to
affect the accuracy of the historic flow est-
mates prepated by the Red River Basm In-
vestigation Thigs conclusion 15 supported by
engmeering data on the cross-sectional area of
the Red River, both above and below Greater
Winnipeg, and in the city itself These data
show that no significant change 1n the carrying
capcity of the channel occuired between 1912
and 1951 Fuxther, at a point opposite Old St
Andrew’s Chuich, a cross-section taken in 1886
shows very little change 1in the 11ver’s cariying
capacity since that date The above data also
disprove the chaige that the channcl of the
ted River has been silting up and ¢ wnot now
calry as much water as, at one time, it was
able to

This latter conclusion 1s supported by a
diver’s report on the condition of the river bed
m Gieater Winnipeg A diver engaced by the
Commussion examined the bed of the Red River
at four different points He found the iiver
channel for the most pait cleax of silt or ob-
stiuetion Accoiding to his report, i twelve
yvears of diving at various points between Morris
and the Manitoba Yacht Club, he has always
found the river bottom “very clear of debris o
any sunken obstacles ”

Floods on the Red River have imvanably oc-
curred duiing the spring runoff period Al-
though there have been heavy rain storms over
large paits of the dramage area on a few
occasions, these have never produced enough
runoff to cause flood levels on the Red Data
on each of the three major early floods, taken
together with information obtaned from the
1950 flood enpetlence, suggest a similar causal
pattein The climatic conditions which lead to
the hkelithood of an extreme flood are as
tollows

(1) A wet summer or fall in the preceding
year which thoroughly saturates the
ground before freeze-up

Cold weather with little snow duiing the
early winter, allowing a deep penetration
of frost

A cold winter with heavy snowfall over
the entire drainage basin,

A late spiing followed by a sudden rise
1n tempeiature, producing a rapid runoff,

(5) Heavy rains during the runoff period

Many o1 all of these conditions were present
1 each of the flood years 1826, 1852, 1861 and
1950

After a careful study of all the available flood
1ecords, the Red River Basin Investigation esti-
mated that there was 1eason to expect the
1950 flood level to be equalled or exceeded on
the average of once every 36 years This checks
roughly with the known fact that there have

(2)

(3)
(4)
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THE NATURE AND FREQUENCY OF FLOODING

been fomr floods as lairge as or larger
than the 1950 flood since 1826, an average of
- one 1 every 33 years It 1s, of course, quite
consistent with such a flood frequency that
there may be periods much longer than 36
yvears during which no flood of this size occurs
Thus, thete was no flood equal to, or In excess
of, the 1950 level between 1861 and 1950, a
pettod of 89 years On the other hand, at times,
more than one flood of this magmtude may
oceur within a 86-year period In fact, there
weie three known floods larger than the 1950
flood in the 35year petiod fiom 1826 to 1861

\

\

t This same study estimated that a flood whach
would exceed the existing dyked channel capa-
aty i Wmnipeg could be expected on the
average of once every 18 yeais For this esti-
mate the piesent channel capacity was taken at
80,000 cfs, this assumes a freeboard allow-
ance on the dyke of one foot, that is, a flood
level one foot below the top of the existing
dykmg system Data on the peak dischaiges,
stages, and fiequencies of the ten major floods
of 1ecord in Winnmpeg atre given 1n Table 31

According to these data, a flood of the 1826
magnitude may be expected to be equilled o
exceeded on the average of once every 460
years Foi the 1852 and 1861 floods the cories-
ponding frequencies are 150 and 64 years The
fiequency dischaige curve fiom which these
data were taken appears in Plate 4

Continuous records of flood flows on the
Assimiboine River are available only since 1912
Information about eailier historic floods 1s
sketchy and incomplete The largest flood fo
which theie 1s any authentie information occur-
1ed 1n 1882 Engineers of the Prailie Faim

Rehabilitation Admimstration estimate that the
peak dischaige m that year was about 40,000
second-feet at Brandon and 32,000 second-feet
at 1leadingley At Brandon the river reached a
level 5 5 feet higher than any tlood stage 1each-
ed since that time At Poriage la Prauile the
11ver 1s said to have overflowed to the north
flowing mto Lake Manitoba through an old
river channel The water 1n this channel was
1eported to have 1eached 1 depth of 7 feet and
to have enabled a steamboat to tiavel overland
f1om Poilage 11 Pranie to Lake Manitoba

There 15 also one historical reference to an
oveiflow from the Assiniboine to Lake Manitoba
at Poitage la Pramrie in 1861 Except for this
150lated 1eferience, there 1 no information as
to the levels of flow on the Assimboine mm 1861,
1852, and 1826, years of major floods on the
Red However, 1t seems piobable that the flow
on the Assiniboine was substantial m each of
these years In more recent years major floods
on the Assiniboine occuired in 1922, 1923, 1927,
1955 and 1956 In each of these yeais the flow
1t Poitage la Piaurie was mm the iange of
20,000 to 23,000 cubic feet per second In some
sections of the valley there was also significant
{looding 1 1948 and 1954

After a fiequency study of the historical
recoids, the PEFR A estimated that floods on
the Assimmibomne River could be expected to
occur with the fiequency shown in Table 3 2
These data indicate that 1t Portage la Prairie a
flow of 25,000 ¢ fs cin be expected to be reach-
ed or exceeded on the average of once every 25
yeais, and a flow of 86,000 c¢fs or larger can
be expected once in 100 yeus Flows as laige
as 70,000 ¢ £ s aie possible, though such a flood

Table 31

MAXIMUM DISCHARGES, STAGES AND FREQUENCIES
FOR THE TEN GREATEST FLOODS OF RECORD
ON THE RED RIVER AT WINNIPEG

Date of Maximum Estimated Maximum Miaimum Elevation  Flevitionin

Discharge Discharge at at Junetion of Red Teet above  Probable

Redwood Bridge  and Assimboine Rivers City Datum  Frequencvy
Year Month Day second-feet G 8 of C Datum Jiumes Ave Yenrs
1826 May 21 223 000 764 5 37 3 460
1852 May 21 165 000 762 5 352 150
1861 May 8 125 000 760 5 323 64
1950 May 19 103 600 758 5 303 36
1892 May 3 79 700 753 6 255 18
1916 Aprl 22 71,200 751 6 235 13
1945 Apnml 30 69,000 751 2 231 12
1956 Apnml 27 68,850 750 3 223 12
1904 Apnl 24 66,000 752 2% 24 2* 11
1897 Apnml 27 64,500 7500 220 10
I

*Probably affected by iwce

SoURCE Report of the Red Rwer Basin Investigation Nan Report, p 20 and Appendix D, Plate 3
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would be a very rare occurrence However, in
1956, 1t was predicted that i1f adverse weather
occurred duiing the spring breakup, a peak of
60,000 c¢fs would be reached at Portage la
Prairie Frequency-discharge curves for Bran-
don and Portage la Prairie appear in Chapter 8
(See Plates 18 and 19)

In the aiea from Portage la Prairie to Win-
nipeg theie 1s reason to believe that the Assini.
boine River has been gr idually building up 1ts
bed thiough deposition of si1lt and sand cariied
down fiom further upstream In flood periods
this material 1s deposited on the river banks,
thus raising the level of the land on either side
of the 1iver At other times deposits in the
river channel appear lo have gradually raised
the river bed Thus, over a peiiod of hundreds
of years, the river bed has giadually risen so
that now the river flows along the top of a
natural ridge which 1s higher than the land a
few miles from the river

On both the Red and Assinibomne Rivers it
18 clear that there have been historic floods
of a much larger size than those which have
occurred during the past few decades Accord-
mg to estimates made by the PFR A, the
flood peak on the Assimbomne River in 1882
was more than twice ag large as the peak that
oceurred 1n 1956 And 1n the record flood that
occurred on the Red River in 1826, the peak
tlow at Winnipeg was more than twice that of
1950 Moteover, thete 1s no reason to expect
that such recoid floods could not occur again
Indeed, the official forecast made 1n the spring
of 1956 anticipated, under adverse weather
conditions, a peik of 60,000 cfs at Portage la
Prairie and a peak of 120,000 ¢ fs at Redwood
Bridge This would have produced a flood peak
i Winnipeg about 2 feet higher than occurred
m 1950 It 18 clear that any adequate flood
protection system must be capable of handling
much larger floods than those Manitoba has
expetrienced 1n recent years

Table 3 2

PEAK DISCHARGES FOR SELECTED FREQUENCIES
ASSINIBOINE RIVER, BY REACHES

Frequeney Peak Dischargesin e f s
In In Millwood Portage
Years Percent to Virden Biandon la Prairic
10 10 10 000 16 000 19,000
25 4 15 000 23,500 25000
100 1 32 000 36,000 36 000

SovrcE Plates 18 and 19
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CHAPTER 4

FLOOD PROTECTION MEASURES CONSIDERED

This Commussion was asked to evaluate the
various measuies that could be taken to prevent
or lessen flooding on the Red and Assimboine
Rivers In pmsumg this task 1t has had as a
guide the excellent engineering reports prov-
1ded by the Red River Basin Investigation and
by the Pianie Faim Rehabilitation Branch of
the Federal Department of Agriculture

After the disastrous flood of the Red Rave:
m 1950 the Canadian Government appointed
the Red River Basin Investigation and asked 1t
to make 1 suivey of the problem of flood con-
trol for the Gieater Winnipeg area The 1eport
of this body, entitled “Report on Investigation
into Measuies for the Reduction of the Flood
Hazard in the Greater Winnipeg Atrea” and
consisting of a main report and eight sepaxate
appendices, gives a detailed picture of the flood
problem and outlines a number of measuies
that could be taken to reduce ot eliminaitc
tlooding

Before the appomntment of this body the
PFR A had begun a study on Conservation
and Flood Contiol on the Assiniboine Raver
This detailed engineering study was coordin-
ated with that undeitaken by the Red Rive:
Basin Investigation and its final report was
mcluded as Appendix H of the lattei’s repoit
The mamn 1eport of the former, which 1s en-
titled “Report on Consexvation and Flood Con-
t10l on the Assiniboine River,” 1s supplemented
by five appendices

By 1ts terms of ieference the Red River
Basin Investigation was hmited to a study of
measuies which might reduce the flood hazard
in the Greater Winnipeg area In view of the
somewhat wider terms of rcference of this
Commission 1t has been necessary to supple-
ment and extend the investigations of that
1report The “Report on Conservation and Flood
Contiol on the Assimiboine River,” on the othe:
hand, was wider in scope and ncluded an 1in-
vestigation into meagures that could be taken
to lessen flooding 1n various ieaches of the
Assmmiboine as well as 1n Winnipeg

Both repoits were limited to an engineering
appraisal of the flood control problem and were
not concetned with benefit analysis Since 1t
has had to rely extensively on the report of the
Red River Basin Investigation this Commission
has been reassured to learn that this report 1s
very highly regarded in engineeiing circles It
has been reviewed by a number of eminent
hydraulic engineers and they are in general
agreement that 1t 15 a very competent and
detailed engineering report

The discussion 1n this chapte: 1s confined to
the geneial character and nature of the various
flood piotection measures considered The re-
sults of our benefit-cost analysis of these pro-
Jects 18 given in Chapter 10
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Theie are four basic methods of preventing
or reducing floods

1 Diversion channels o1 floodways can be

constiucted to divert part of the flow out

of the main channel,

Storage reservoirs on the river can be

used to limit or 1educe the flood flows,

9 The cipacity of the river channel can be
mcereased to allow 1t to caitry a larger
volume of water,

4 The water can be retained within the
1iver channel by building dykes, levees
o1 1etaiming walls 1n aieas wheie tihe
channel capacity will not cuiy the volume
of water that must be accommodated 1n
flood years

Kach of these methods may be used sepat ately
o1 1 combination with one or moze of the other
methods The 1eports cited above studied 2
number of measures i each of these fields and
then findings are summarized here

V]

Diveisions

Diverting part of the 11ver’s flow thiough a
diversion channel or a floodway provides one of
the most ettective means of flood control avail-
able The diversion channel removes completely
some o1 all of the excess water fiom the flood
thicatened area It can be effective against
floods of any size o1 duration Diversion chan-
nels may be constructed to iransfer part of the
flood flow mto another river or lake, o1, they
may simply by-pass the aiea to be protected
and ie-enter the 1iver sufficiently far down-
stream to avold backwater effects Diversions
ale particularly suited for contiolling floods on
rivers such as the Red and Assiniboine Rivers
whete the flood flow remamns at a high level
over 4 period of several weeks

The Red River Basin Investigation considered
four possible diveision schemes, namely (a) a
by-pass channel around Winnmpeg called the
Greater Winmpeg Floodway, (b) a diversion
channel fiom the Assimboine River to Lake
Manitoby mn the vieimity of Portage la Prairie
reteried to as the Portage Diveision, (¢) a
channel fiom the Assiniboine River 1n St James
via Omand’s Cieek to Lake Winnipeg called the
Omand’s Cieek Diversion, and (d) a plan to
divert a number of the eastern tributaries of the
Red River in Manitoba northward mto Cook’s
Creek which enteis the Red River just below
Selkirk This last plan 1s known as the Eastern
Tributaries Diversion The location of these
four diversions 1s shown on Plate 3

(a) The Greater Winmpeg Floodway

The Greater Winnipeg Floodway plan involves
a by-pass channel that would divert part of the
flood flows on the Red River around the east
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side of the Greater Winnipeg aiea The pro-
posed floodway 1oute would leave the Red River
near 3t Norbert, pass to the east of Transcona,
proceed through a natural depression in Bud’s
Hill and 1eturn to the r1ver about one-half mile
below St Andrew’s Dam The overall length
would be about 26 miles Plans were made tot
channels of a number of different sizes with
design capacities ranging from 20,000 ¢ £ up
to 145,000 cf s

The channel would vary i depth fiom a
mmimum of about 24 feet near the south end to
a maximum of 67 fect through its high~ t
point at Bird’s II1]l, with an average depth over
most of 1ts course of about 35 feet The top
width of the channel would vary from 350 to
1,600 feet depending on the size of the flood-
way The plans call for acquisition of sufficient
land to permit the excavated material to be
deposited 1n a spoill bank on either side of the
floodway

The floodway plan calls for a control struc-
ture on the Red Raver just below the floodway
mlet and an adjomming dyke running in 2 wes-
terly direction The deposition of excavated
material would provide a similair dyke east of
the river on the side of the floodway neare:
the city This dyke and control stiucture would
make 1t possible to raise the floodwater eleva-
tiong upstream {rom the floodway, and thus in-
crease the amount of flow thiough the flood-
way It would also prevent increased erosion in
the river bed which otheiwise would be created
by the drawdown pioduced by the floodway
channel In addition, the contiol structuie would
make 1t possible to provide a proper distribu-
tion of flows between the natural channel and
the floodway in accordance with the volume
of flow on the Assiniboine

A dyke 18 necessary to pievent the flood-
waters by-passing the floodway inlet on the
west s1de of the 11ver The proposed dyke would
be 20 feet wide at the fop, have 4 to 1 slopes
and vary 1n height from 17 feet neai the 1iver
to near zeio at its western end This height
allows for from 30 to 75 feet of freeboard to
protect against wave action The downstieam
slope of the dyke would be seeded to grass and
the upstream slope would be protected with a
layer of gravel overlaid with at least one foot
of rock rip-rap On the east side of the 1iver
the dyke would follow the mside 11m of the
floodway channel, would have 2 mummum top
width of 100 feet and would be provided with
a mmimum of three feet of fieeboaid

At the floodway’s outlet a diop stiuctuie 1s
provided to dischaige the flow in the floodway
to the lower river elevation without causing
erosion The Seine River would be diverted per-
manently into the Floodway

According to the estimates pirepared by the
Red River Basin Investigition in 1952 the cost
of a floodway would range from $23 4 mllion
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for a 20,000 ¢ £ s size up to $75 8 mullion for the
145,000 ¢ fs design

Revised costs on this project were prepaied
by the Commission According to these rewi-
sions, the 1957 cost of this project would 1ange
fiom $30 million for the 20,000 ¢ fs design up
to $94 million for the 145,000 ¢fs design

The Greater Winnipeg Floodway has the
major advantage that 1t can be designed to a
s1ze that will give any desired degiree of flood
protection to the Greater Winnipeg area Situ-
ated, as 1t would be, on the main stem of the
Red Raver, the source of the major pait of any
flood flow, 1t gives positive and dependable
protection for any combination of {lows from
the Red and Assinmiboine Rivers Even a small
floodway would substantially 1educe the amount
of flooding that would occur 1n the event of a
major flood and would almost completely ehmi-
nate the damages caused mm munor floods Al-
though the projeect has a few disadvantages,
these are of a minor natuie

(b) The Portage Diversion

This project calls for diversion of all or pait
of the flood flows on the Assimboine River into
Lake Manitoba It would reduce or eliminate
flooding 1n the area between Portage la Prairie
and Winnipeg and would 1educe flood levels 1n
Greater Winnipeg Plans have been prepaied
for diversions with eapacities of 10,000 ¢fs,
25,000 ¢fs and 40,000 ¢ fs respectively

After examination of a numbe: of alternative
routes, the “Report on Conservation ind Flood
Control, Assiniboine River” recommended two
general routes, one west and one east of the city
of Portage la Prairie The formei, the Fort la
Reine Diversion, would leave the Assimboine
about two mules west of Portage la Prairie, run
almost due north to Qakland and from there
would follow an old natural channel to Lake
Manitoba The latter, the High Bluff Diversion,
would leave the Assiniboine aboul 5 miles east
of Portage la Prairie, would follow a generally
northwest course until 1t reached Portage Cieek
and would follow the Creek to the Lake The
Foirt la Reine Diveision is about 18 miles long
and the High Bluff Diversion about 19 miles
long The locations of these two diversions are
shown on Plate 3

For both diveisions the channels are formed
by a combination of dykes and channel excava-
tion and ate designed 1n such a way as to pio-
vide the necessary capacity at a mimimum cost
The dykes would be 10 feet across at the top,
would have 4 to 1 side slopes and provide for
2 feet of freeboard Since the gradient of the
channel has been designed to allow velocities as
high as 5 teet per second, ptovision was made
for covering the channel with one foot of top
soil and seeding 1t with a thick cover of grass
to prevent erosion Because of the sharp drop
in elevation between Portage la Prairie and
Lake Manitoba, about 48 feet on the Fort la
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Remne Route and 30 feet on the High Bluff
Route, diop stiuctures would be located on the
channel to 1educe the giadient of the channel
and prevent excessive excavation Since opeia-
tion of the diversion works would increase the
water level in the Assinmiboine, dykes would also
be necess ity to connect the diversion channel
and dam to high giound west of Poitage la
Pranrie These dykes would be located so as to
provide a wide flood plain and leave 1oom foi
tuture changes 1n the river course (Sec Plate
2) They would also have a ten foot top width
and 4 to 1 side slopes For the 10,000 ¢f s, 25,-
000 cfs and 40,000 ¢ fs Diversions, the dykes
would be designed to provide protection up-
stieam of the diversion structuies for flows of
30,000 ¢fs, 45,000 cfs and 60,000 cfs 1e-
spectively

At the entiance to the diversion channel a
wenl would be constructed that would make 1t
possible to keep water out of the channel when
the natuial flow on the 11ver was less than
10000 cts However, when flood conditions
existed 1 Greater Winmpeg a contiol dam
ac1oss the 11ver would m 1ke 1t possible to divert
the complete flow on the Assimibomne into the
diversion channel until the capacity of the
diversion was 1eached Beyond that pont, the
gates on the dam would be lowered sufficiently
to mamntamm a constant capacity flow i the
diversion channel Any excess water would
flow over the spillway down the river channel

Daversion of additional water into Lake Mani-
toba would 1a18e the Lake level and unless
steps were taken to offset this, would cause
occasional flooding to low-lying lands along the
lake shole It was estimated that the use of the
diversion would have increased the level of
Lake Maniioba by 8 feet in 1923 and 7 feet n
1950 The outlet of Lake Mamtoba through the
Fanford River 1s now contiolled by a small
dam llowevei, even when the dam 1s open, the
flow 15 inuted by a 1ock ledge about 250 feet
upstieam of the dam Piovision was made in
the cost estimates of the Portage Diversion foi
removal of this ledge and improvements to the
channel sufficient to increase the capacity of the
Fanford River by 2,000 second-feet at normal
lake levels Tor the larger diversions some
allowance was also mcluded for possible 1ncieas-
ed flood damages along the lake shore since 1t
was not expected that these impiovements
would eliminate all damages Pioposals for con-
tiolling the level of the water 1n Lake Manitoba
have reccived further study in the “Report of
the ILakes Winmpeg and Mamitoba Boud”
(1958)

Original and revised costs for cach of the
diversions are given 1n Table 4 8

In the rural aies between Portage la Prairie
and Winnipeg the Portage Diversion would eli-
nunate flooding completely for floods up to a
4 per cent flood (once 1n 25 years) i the case

of a 10,000 cfs diveision, up to a 1 per cent
flood (once in 100 yeats) for a 25,000 cfs
diversion and up to a 2 per cent flood (once in
500 years) for a 40,000 ¢{s diversion

In the Gieiter Winnipeg area the etfects of
the Poitage Diveision are complicated by the
overflow to the south that normally occuis
when the Assimboine River exceeds a bankfull
stage and by the question of the size of {flow on
the Assimiboine that can be expected when the
Red River 1s 1n flood This problem 1s analyzed
m some detail in Chapter 10

The Assiiboine Report whose findings were
adopted by the Red River Basin Investigation
mdicated 1 pieference for the Foit la Reme
toute rather than the High Bluff route for the
Poitage Diversion, on the grounds that the
Iatter put Poitage la Pruiie behind a system
of dykes In reaching this conclusion they may
have been thinking primatily of the 10,000 ¢ f s
cipacity diversion since they also tentatively
recommended a combination of the Russell
Resetvonr and the 10,000 ¢ fs diversion How-
ever, fo1 the two laiger diveisions, constiuction
costs are 1elatively much lower on the High
Blufl route Thus the IIigh Bluff routle 1s lowet
i cost than the Fort la Reine route by the
tollowing amounts for each of the three dive:i-
sions

10,000 cfs - $ 875,000
25,000 cfs — $2,338,000
40,000 cfs — $8,236,000

It would seem likely that with only a modeiate
additional expenditure on the Iligh Bluff route
the dykes piotecting Poitage la Piairie could
be made completely safe

(¢) Eastern Tiibutaiies Diversion

This project provides for the diversion of
part ol the flood tlows on the tributaiies that
enter the Red River from Eastern Manitoba
mmto a floodway which would run parallel and
about 20 miles east of the Red River, by-
passing Giealer Winnmipeg and emptymng into
the Red River below Selkitk The floodway
would start at the Roseau River about three
miles west of Stuartbuin, would run north,
D 'ssing about iwo miles south-east of Steinbach
and four miles east of Ste Anne, and would
enter Cook’s Cieek some four miles east of
Oakbank Thereafter 1t would follow Cook’s
Cireek to the Red River (See Plate 3)

The Floodway would consist of an excavated
channel with a single dyke on the west side
of the channel 1n the region south of Ste Anne
ind double dykes in the area fuither north
where land 1s moie valuable The dyke on the
west side of the channel would have a 20 foot
top width and a gravel-surfaced 10adway The
second dyke where needed vrould have a 10 foot
top width All dykes would have three to one
side slopes The channel would be designed to

19



FLOOD PROTECTION MEASURES CONSIDERED

carry 5,000 second-feet from the Roseau to the
Rat Rivei, 7,000 second-feet from the Rat River
to Joubert Creek, 8,000 second-feet from Jou-
bert Creek to the Seine River, 9,000 second-feet
from the Semne River to Cook’s Cieek and
10,000 second-feet from there to the Red River

Conciete diversion dams would be constructed
on the Roseau, Rat and Seine Rivers and on
Joubert Creek to allow the diversion of these
waters during periods of threatened flood, on
either the Red River or the lower reaches of
these streams Low flows would be passed
thiough slide gates in the dam

The diversion dams would be operated 1 the
following way In the winter the dams would
be open and the entire flow would be passed In
the spring, with the return of open water, the
flow on these stireams would be diverted com-
pletely up to the floodway’s capacity whenever
a flood on the Red River was forecast In other
vears the dams could be operated to prevent
flooding on the lower 1eaches of the tributaries
The diversion could also be operated to prevent
summer and autumn floods on the tributaries

It was estimated by the Red River Basin In-
vestigation that 1f the Eastern Tributaries
Diversion had been 1n operation 1n 1950 1t would
have reduced the flood flow through Greater
Winnipeg by 4,700 ¢f s and would have given
a stage 1eduction of 77 feet For the 1948 tlood
the cquivalent stage reduction would have
been 95 feet For larger floods the stage 1educ-
tion effected would be a hittle smaller Some
stage reduction would also be effected mm the
Red River Valley between Emerson and Win-
mpeg The estimated cost of the project m
texms of 1957 prices 15 $11,330,000

(d) Omand’s Creek Diversion

The Red River Basin Investigation gave very
preliminary consideration to a project which
would mvolve pumping the water fiom the
Assimiboine River at Omand’s Cieek near the
western boundary of Winmipeg through a diver-
sion channel that would proceed north and east
to discharge into either the Red River below
Selkirk or Netley Creeck Because this project
would tend to duplicate the effects of the
Greater Winnipeg Floodway and because it
appeared considerably moie expensive for the
benefits obtamed, the RRBI did not mvesti-
gate 1t 1n any detaill They concluded that 1t did
not merit any further consideration This Com-
mission has found no ieason for 1evising this
opinion

Storage Reservoirs

The Red River Basin Investigation suirveyed
possible storage reservon sites in both the Red
and Assiniboine River Valleys In general, it
found that reservoir storage on the tributaries
would not have appreciable effects on the flood
situation mn Greater Winnipeg for floods of the
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1950 magmnitude or greater However, 1t did
survey 1n some detail two projects of this kind
a proposal to build a dam on the Pembina River
in Mamtoba just north of the International
Border and a proposal foi the construction of a
reservolr 1n the upper Assiniboine nedr Russell,
Manitoba In addition, 1t explored fully the pos-
sibility of building a dam on the main stem of
the Red River near Ste Agathe, Mamioba
These thiee projects will be refeiied to as the
Pembina Reservou, the Russell Reseivowr and
the Ste Agathe Detention Basin A canvass was
also made of the possibility of building storage
1eservonrs 1n the United States section of the
Red River diainage area, but Umted States
flood control authorities imnformed us that the
only storage sites of sufficent capacity to sig-
mficantly affect flows on the main stem of the
Red River in Canada have been developed to
such an extent as to make their use {or that
purpose 1mpractical

Possibilities of flood storage on the main stem
of the Red are sevetely himited because the
major portion of the effective drainage aiea
consists of the old bed of Lake Agassiz which,
because of 1ts gentle slopes, offers very httle
possibility of flood storage

Moreover, the amount of storage needed to
prevent flooding in Greater Winnipeg 1s very
large It has been estimated that when the
flood was at 1ts peak there was about 700,000
acre-feet 1n ch innel and valley storage hetween
Emeison and Winnipeg alone To reduce the
1950 flood level to a flow of 80,000 ¢ fs would
have required an additional storage cipacity of
600,000 acte-feet on the main stem of the river
above Winnipeg Since storage ieservoirs on
tributary stieams may not all be eflective
mny one flood, a combined capacity of a still
larger amount would have been requited on
t1tbutary streams to achieve this same result
Storage possibilities of these magmtudes are
simply not available

In the Umted States poition of the Red River
diainage area a numbe:r of reservoirs have
already been constiucted However, the flood-
control benefit attiitbutable to these streams 1s
mainly local in effect and has very hittle signi-
ficance either for Wmmpeg or [or the Red
River Valley area fiom Emeison to Winnipeg
Some poirtion of such benefits as do exist have
been offset by channel improvements 1n other
areas Furthei, the US Army Corps of En-
gmeers have made a thorough suivey of the
entne drainage basin south of the Canadian-
US border and have been unable to find any
suitable sites for major storage reservons
Some smaller reservoir projects are still under
consideration Of these, the most important for
Canada. 15 the proposal to constiuct a dam on
the Pembina River near Walhalla, Noith Dako-
ta Further reference will be made below to thig
project, the Pembelier Dam
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The topography of the Assiniboine River 1s
more suitable for the location of storage reser-
voirs and the PF R A has alreadv constiucted
a number of small dams on tuibutary streams
such as Birdtail Creek and the Minnedosg River
as well as on the Souris River On the Souis
River there 15 now a developed storage of about
270,000 acie-feet, most of 1t located in the
United States

Of the sites investigated on the Assiniboine,
the most feasible site was judged to be the one
near Russell, Manitoba, just upstream of Mill-
wood A reservoir at this site would affect
about half of the flood 1unoff on the Assini-
bomme River although the area which contii-
butes this runoff forms only about 12 percent
of the drainage area of the Assimbome Basin
Its long distance from Winnipeg, 530 river
miles, reduces 1ts effectiveness fo1 flood eontrol
purposes in the Gieater Winnipeg aiea

(2) The Pembing River Dam and Reservoir

The Pembina River has 1ts souice in Canada,
flows partially thiough the Umnited States and
18 joined by the little Pembina to enter the Red
River at Pembina, North Dakota

In 1950, the Pembina River contributed to
flooding 1n Canada by cresting twice It reached
a peak of 20,500 ¢ fs on April 18 and a second
peak of 12,000 c¢fs on May 9 The channel
capacity of the Pembina River below Walhalla
could not contain these excessive flows and as a
result the river bioke out of 1ts banks and flow-
ed 1 a north-easterly ditection acioss the land
to enter the Buffalo floodway and the Plum
and Marais Rivers, 1n Canada This overtaxed a
drainage system known as D M D -“F” 1 the
Rural Municipalities of Rhineland and Mont-
calm Briidges were washed away, the 1esidents
had to be evacuated, then hvestock also, pei-
sonal belongings were destroyed or damaged
and agricultural undertakings were severely
distupted Although the Pembina River contri-
buted ditectly only some six inches of flooding
at Emerson, the flooding in that area would
have been greater except for this oveiflow to
the northeast, 1n consequence other aieas and
villages assumed extia flood damages

In addition, even i years when theie 18 no
flood on the Red, the Pembna River may cause
flooding 1n this area as a result of the spring
runoff or heavy summer raimns

The reservoir on the Pembina Rivet proposed
by the Red River Basin Investigation would
have a storage capacity of 175,000 acie-feet
and would extend upstream for about 16 miles
when the water level was at the top of the
gates Though 1t was designed primarily from
the viewpoint of flood control, 1ts effects in the
Greater Winmpeg area would be small It has
been estimated that, 1f 1t had been 1n operation,
the Pembina River reservoir could have 1educed
the 1950 flood peak in Winmipeg by about 1,500
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cfs, giving a stage reduction of about three
inches In the 1948 flood 1t would have given a
discharge reduction of 1,100 cfs Howevel,
this dam would ehminate local flooding from
the Pembina below the dam site, 1n particuln it
would prevent the overflow to the Plum and
Marais Rivers which now occurs

This 1ese1vonr would also produce a substan-
tial increase 1 the low water flow on the Pem-
bmma and Red Rivers By using about 120,000
acre-feet of the storage capacity for water
conservation, a dependable flow of 40 sccond-
feet could have been pirovided throughout the
driest period on record, 1986-1942 During this
petlod the flow on the Pembina River was zero
for extended periods and the flow on the Red
River at Emeison 1eached a low of 9 second-
feet during Februaiy, 1937 Its effect in this
r1egald 15 particularly important because addi-
tional water in the Pembina triangle 1s badly
needed

Maintenance of a higher minimum flow on
the Pembma River during dry periods would
provide

(a) Improved sewage dilution for towns and
villages on the Pembina and Red
11Vers

A permanent supply of potable water for
the Pembina Tiiangle fiom a source that
would be under Canadian control

(c) Water for 1riigation purposes thereby
mcreasing the agiicultmal productivity
of the area

(d) An attiaction for new industiies for the
towns and villages 1in the area

Joint use of the 1eservoir for flood control
and water conservation purposes 1s feasible be-
cause floods on the Red River in Canada occur
only during the spring runoff peirod Duiing
the balance of the year the reservoir can be
used entuely for water conservation The resei-
voir would need to be emptied for flood control
purposes only 1n the spring and only when the
flood forecast indicated some risk of flooding
was present When a possible flood 1s foreeast
the 1eservoir would be drawn down unftil suffi-
clent capacity was available to stoie the antier-
pated runoff An accurate forecast of spring
runoff would be required for proper opeiration
of the 1eservorr

The 1elatively small contribution of the Pem-
bina River Reservoir to flood control on the
Red 18 due to the fact that the proposed dam
controls only about 2 per cent of the effective
drainage area of the Red River Although the
dam contiols a total drainage area of some 2,600
square miles, 1t has been estimated that only
about 475 square miles of this would produce
a runoff rapid enough to contribute to peak
dischaiges on the Pembina and the Red In
much of the atea contiolled by the dam, the
land 1s flat and the diqinage 15 undeveloped

(b)
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In addition, the Pelican, Rock and Swan Lakes
provide some regulations on the 11ver flow Thus
for some 80 percent or more of the Pembina
River’s drainage area, the runoff would reach
the dam site after the peak of the 11ver’s
hydrograph had passed

The effectiveness of the dam, as a flood con-
trol measuie, would also be reduced 1f the peaks
on the Red and Pembina failed to synchronize
However, flood flows on the two 11veis have
comcided to a considerable extent durng past
flood years

The estimated cost of this reservoir (1n terms
of 1957 prices) 1s $5,140,000

(b) The Pembelier Dam

The Commussion has also been aware that
U S authorities have under consideration a
dam on the Pembina River near Walhalla, North
Dakota, commonly known as the Pembeler
dam The proposed dam would have a storage
capacity at spillway crest of about 146,000
acre-feet and at normal summer pool elevations
of about 120,000 acte-feet It 1s proposed to
opetate the dam primanly for flood control
purposes However, the dam would also provide
sufficient water to meet all foreseeable polable
water supply requirements in the United States
even durmmg dry peilods In addition, there
would be a substantial surplus of water that
could be made available to Canada The cost of
the proposed dam 1s estimated at well over
$10,000,000

(¢) The Ste Agathe Detention Basin

One of the storage projects studied by the
Red River Basin Investigalion was a deten-
tion basin i the Red River Valley near Ste
Agathe The detention basin would be created
by building an earth dyke about 25 miles long
across the valley just south of Ste Agathe A
control structure on the river would make 1t
possible to pass all ordinary river flows with-
out undue 1estrictions Under flood conditions
the gates on this structure would be operated
to limit the volume of flow passing through
Winnipeg by storing water temporaiily mm the
valley lands upstieam of the dam

In congtiucting the dam, provision 1s made
for compacted earth fill dams across the Marsh
and Rat Rivers and for the diversion of these
rivers imnto the Red Raver at a point about 1,000
feet upstream of the contiol structure Open-
mgs would be left in the dyke where 1t 1s
crossed by ralroads and highways These
would be blocked by sandbags or by other
means during a flood Since by the time the
dam’s operation became necessairy, raill and
highway traffic would have been iterrupted
anyway, no additional interfeience with traffic
would be involved

The height of the dyke would vary from 18
feet above natural ground level in the central
portion to about two feet above natural ground
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level at 1ts western end The maximum water
height against the dyke would be 12 feet, the
remainder of the dyke bemng freeboaird for
protection against wave action The dyke would
be 20 feet wide at the top, would have 4 to 1
side slopes and would be seeded to grass oi
protected with rip-iap The total cost of the
project was estimated 1 1957 at $9,234,000

If the Ste Agathe Detention Basin had been
in opeiation 1n 1950 1t 18 estimated that 1t could
have reduced the peak flow 1 Greater Winnipeg
by about 24,000 ¢ s This would have given a
stage 1eduction of some 45 feet at Redwood
Bridge 1n Winnipeg In a flood of the size that
occuried 1n 1852 1t would reduce the flow
thiough Winnmipeg by 30,000 ¢fs which 15 the
equivalent of about 25 feet 1 terms of stage
1eduction At still larger flows the discharge
reduction obtained would be smaller but still
substantial

The effectiveness of the dam anses partly
out of the fact that 1t controls the major po:-
tion, some 95 percent or more, of the diamage
area on the mam stem of the Red River It
also 1eflects the fact that 1ts operation involves
the enhancement of a natural storage situation
Because of a natural depressiton south of Ste
Agathe a large storage reservowr develops
naturally m years of major floods Construc-
tion of the dam would increase the size and
capacity of this natural storage 1eservoir

(d) Russell Reservoir

After investigating a number of different
potential sites foir storage i1eservoirs on the
Assmiboine River, the “Report on Conserva-
tion and Flood Control” 1ecommended a site on
the Assimiboine River just west of Russell,
Mamnitoba, as the most suitable location Tenta-
tive plans on this project call for a reservoir
with a storage capacity at spillway crest of
450,000 acre-feet and a length of 56 miles
Some 350,000 acre-feet of this capacity would
be i1eserved for water conseivation purposes
leaving 100,000 acie-feet of storage available
for the control of summer floods For spring
floods, a flood foiecasting system would be re-
quired which could predict, at least three weeks
i advance, whether or not the total runoff
above the dam would be more or less than the
total available storage capacity In the hght of
this data the ieservonr could be emptied in
advance to whatever extent was deemed neces-
satry to contain the runoff Three weeks would
bc 1equired to empty the 1eseivowr completely

Based on 1957 prices, the cost of this project
was estimated at $6,450,000

The data for flood yeais on Table 4 1 indicate
the contribution made to the flow on the Assi-
mboine River by a numbet of 1ts major tribu-
taries The years selected were those in which
the flow either exceeded 15,000 ¢fs at Head-
ingley or exceeded 10,000 c¢fs at Brandon
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(1936 was excluded because no data was avail-
able at the thiee tributary points in that year)

These data indicate that in flood years, {lows
on the Assiniboine River at Mallwood that would
be subject to contiol by the Russell Reservon
have accounted for about 60 percent of the flow
reaching Biandon and about one-half of the
total flow reaching Portage la Prairie At Bran-
don the remaining 40 percent of the total flow
has been divided about equally between flows
from the Qu'Appelle which enter the Assim-
bomne just above St Lazare and flows fiom a
variety of smaller stieams, such as the Oak,
Arrow and Minnedosa Rivers and Budtail
Creck Almost all the runoff from the Riding
Mountains that 1eaches the Assimbomne enteis
thiough these streams below Millwood At
Poitage la Piairie the remamming 50 percent
of the total flow—{flow other than that coming
from above Millwood—comes from the Sours
(20 to 25 percent), from the Qu’Appelle (some
15 percent) and from a variety of smaller
streams (10 to 15 percent)

It 1s clear that under favourable conditions a
1egeivoir as large as this one could provide
an mmportant flood contiol weapon A storage
capacity of 450,000 acre-feet would make 1t
possible to cutoff completely a flow of 15,000
cfs for a 15-day period, or a flow of 10,700
for 21 days Moreover, m an emeigency the
total storage capacity can be raised to 600,000
acre-feet with some overflow

In addition to its flood contiol benefits, the
Russell Reservoir would also greatly improve
the water supply on the Assinibome River m
diy years By reserving 350,000 acre-feet for
water conservation purposes 1t 18 estimated
thit a mimimum dependable summer discharge
of 350 second-feet could be maintained just
below the i1esetvoit Based on the experience
from 1928-1948, this would give a mimmum
open water flow of 600 second-feet at Heading-
ley as compared with 160 second-feet under
present conditions

(e) Small Dams

The Assiniboine Repoit gave some considera-
tion to the construction of a number of small
dams as an alternative to one major stoiage
project It 1s reported that to provide storage
in smill dams 18 much more expensive per acre-
foot of storage piovided According to their
estimate, storage provided by small dams costs
about $100 per acre-foot of water compared
with a cost of about $15 per acie-foot for large
reservoirs Thus, from the pomnt of view of
flood control, large storage reseivoirs are much
moie economical

At the Comnussion’s Public Hearings 1n
Moiris, a number of different groups who ap-
peaied betore the Commission suggested that
the construction of small dams 1n the escarp-
ment which runs along the western edge of the
Red River Valley might have a valuable flood

Table 41
SOURCE OF ASSINIBOINE RIVER FLOWS

Assiniboine River* at QW Appelle Souris

River at River at

Headingles Biandon Aallw ood Tantallon Wan anesa

(cfs)

1913 14,000 14 800 12700 NA7y 1 500
1916 21,700 9,100 2900 N A 6 100
1922 19,300 21,300 17 300 2000 2000
1923 21,000 23,000 14 500 2 000 5,900
1927 18,300 17,100 12,600 2100 3 000
1947 11,300 11,100 1,100 1 400 2,000
1948 16,700 15,900 7,800 2 200 4,100
1949 13,200 4 900 900 200 S 300
1954 13,500 12 700 9 300 3,200 1 900
1955 16,900 18,900 9 600 3400 4 200
1956 19 900 15,200 3,000 5 600 7,300
Average of above 17 100 14,900 9,100 3000 4,200

FLOWS AS PERCFNT OF TOTAL FTOW, CLTVEN FIQODS 1913-56

Percent of Total at

Source of Flow Headinglev Brindon
Assimiboine 2t Millwood 53 29, 6119,
Qu’Appelle at Tantilon 17 59, 2019,
Souris at Wawanesa 24 6%

*Flows at Portare la Prairie are available only for the following years 1923 22100 cfs 1927 20400 cfs 1955 22900 cfs

and 1956 19900c¢{s
{Not available
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control effect as well as providing important
conservation and water supply benefits The
Commission was also awaile that a substantial
flow 15 contributed to the Red River from tii-
butaries such as the Morrs, Plum and Roseau
Rwvers In addition, 1t was pointed out that the
Soil Conservation Service of the Umted States
Depaitment of Agriculture had undertaken an
extensive program for the construction of small
dams and some of the officials had suggested
that these dams would have mmpoitant flood
control effects

In oider to mmvestigate this matter fuithex
the Commussion subsequently met in Fargo,
North Dakota, with representatives of the US
Soil Conservation Service, the US Deputment
of the Interior and the North Dakota State
Water Conservation Commission These 1epre-
sentatives confirmed the fact that an extensive
program of small dam constiuction was under
way as part of a watershed control program
For example, 18 dams, ranging 1n size from 100
to 5,000 acre-feet are being constructed in the
upper reaches of the Tongue River However,
1t was their opinion that, in the control of
major floods, these small dams would have only
a slhight effect Moreovel, since many of them
have not yet been completed, they can not be
given any credit for the fact that the 1956
flood threat did not materalize These officials
also confitmed the finding of the Assimboine
Report that the cost per acre-foot of water
stored 1n small dams 1s relatively high as com-
pared with its cost in a large dam

Channel Improvements

A 11ver channel may be improved by widen-
ing and deepening, by eliminating shaip bends
thus reducing the length of the stream and mn
creasing 1ts veloaity, and by 1educing the
friction losses that result from wregularities
the river banks or from trees and other ob-
structions in the channel

Where the channel 1s improved the maximum
benefit 1n the form of stage reducfion occuts
immediately upstream from the improvement
and this benefit decreases progressively as one
moves further upstream

(a) Below Greater Winnipeg

The Red River Basim Investigation explored
i some detail the improvements that would
result from channel deepening and widening
n the area downstream of Winnipeg This area
meludes the section referred to as ILaster’s
Rapids, some seven or eight miles in which an
outerop of bedrock has pievented erosion of
the river bed After giving pielimnary study
to some 22 different designs for channel en-
largement 1n this region, 1t selected eleven fo1
detailed analysis and the three of these which
appeared most favourable were discussed 1in
some detail These three, Trials 12, B and C,
mvolved the following channel changes
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1) Tral 12—This tral provided for mode-
rate widening of the natural channel
from Mile 326 (about 215 miles up-
stream from Old St Andrew’s Church)
to Mile 40 2 (just below Bergen Cutoff)
For a cost (1n 1957) of $5,674,000 1t was
estimated that, under 1950 flood condi-
tions, this improvement would have
provided a stage reduction of 15 feet at
Redwood Bridge Upstream of this point
the stage reduction dechnes, reaching
zero near Elm Park Bridge

Trial B—Tral B provides for a deeper
channel from Mile 27 3 (near Lockpoit)
to Mile 40 9 (near Bergen Cutoff) with
some minor widening designed to elimi-
nate abrupt changes in channel width
For a cost, 1n 1957, of $14,925,000 this
trial would provide, under 1950 flood
conditions, a stage reduction of 28 feet
at Redwood Bridge, and a reduction of
5 feet at the southein himits of Gieate:
Winnmpeg

Trial C—Tral C, the largest of these
three projects, includes both widening
and deepening i the same area as in
Trial B, namely, from Mile 27 3 to Mle
40 9, with the aim of producing a moie
efficient, uniform channel It calls for 8
to 1 side slopes, a bottom width of fiom
500 to 600 fect, and a rockcut to the
avelage depth of ten feet For an ex-
penditure 1in 1957 of $29,326,000 1t was
estimated that this would give a stage
reduction of 4 5 feet at Redwood Bridge
under 1950 flow conditions, decreasing to
0 b feet at the southern limits of Greater
Winnipeg

11)

1)

In desigming each of these plans for channel
enlargement, the shape of the natural channel
was studied and an effort was made to secure
the maximum benef1t 1n relation to cost Wher-
evet possible, an attempt was made to straight-
en the channel and make 1t more unmiform in
shape

Since the above thiee trials appeared the
most favourable on the basis of preliminary
analysis in that they provided the largest stage
reduction at Redwood Bridge 1n relation to their
cost, and since they included examples of a
small, a medium g17e and a large project, the
Commission decided to use these trials asg the
basis for 1ts benefit-cost analysis of Lister’s
Rapids removal

(b) The Greater Winmpeg Area

Though the removal of Listet’s Rapids pro-
vides subslantial stage reductions in the north
end of Greater Winmpeg, the size of these
stage reductions declines rapidly as you move
upstream through the city The Red River
Basin Investigation considered the possibility
of extending these benefits further upstream
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by means of channel improvement 1n the heart
of the aity but concluded that such an under-
taking would not be economically feasible “due
to the high cost of the work and the uncer-
tamty as to the effect 1t would have on the
stability and erosion of the river banks”

In oi1der to canvass thoioughly all possible
approaches to the problem of flood protection
m Greater Winnipeg, the Commission felt 1t
was desniable to explore the possibility of chan-
nel 1mpiovement thiough the city in more
detaill In this view they were suppoited by
Dr L G Straub, Director of the St Anthony
Falls Research Laboratory, Unmiversity of Min-
nesota, who suggested that a moderate degree
of channel improvement through the Greate:
Winnipeg area might provide substantial reduc-
tions 1n frictional losses and significant incy eases
1 channel capacity as a result of a more rapid
rate of flow Accordingly the Commission de-
cided to have some further investigations car-
ried out in this field The Water Resources
Bianch of the Provinaial Government made an
office study of this problem, using available
field data The investigation was carried out n
consultation with D1 Stiaub and the results
were reviewed with him when 1t was completed

Three different proposals for channel mm-
provement were studied These proposals were
designed to provide a channel that would carry
flows of 110,000 ¢fs, 130,000 ¢fs and 140,-
000 efs thiough the city at river levels one
toot below the existing dyking system In each
case the proposed chinnel 1mpirovement ex-
tended thioughout Gieater Winmipeg and to a
point below Laster’s Rapids

In the area below Gieater Winnmpeg each of
these three proposals incorpoiate m a modified
form one of the designs for the removal of
Lister’s Rapids onigmnally investigated by the
Red River Basin Investigation Thus, Plan No 1
(110,000 cfs) 1s based on Trial C but with a
smaller depth of excavation Plan No 2 (130,000
¢ fs) 18 based on Tri1al I but with the amount of
channel deepening reduced by fiom 1 to 4 feet
throughout the entie length of the original
proposal As originally designed, Tnal I called
for a farly deep exeavation and considerable
widening from Mile 40 9 (at Bergen cutoff) to
Mile 277 (just above St Andrew’s Dam) Plan
No 3 (140,000 ¢ fs) mcorporates Tral I with-
out any changes In each instance a varety of
pioposals weire wmvestigated and these three
were selected as being the most economical

Some consideration was given to lining the
channel i1n the aiea below Winmpeg, with ash-
phalt or concrete Lining the channel would
reduce frictional losses and by increasing the
river veloaity, provide greater carrying capacity
mm the channel However, 1t was found that this
would be impractical 1n many areas because of
the unstable character of the soil and that, al-
though 1t would be practical 1n the areas where

there 18 an outcrop of rock, the depth of the
lining needed over rock would make 1t un-
economic

Costs of the above thiee channel improve-
ments were based on the estimates prepared
by the Red River Basin Investigation Their
cost estimates were revised to take account of
the different amounts of excavation involved
and to allow for the rise 1n labour costs since
1952 In addition, an allowance was mcluded for
a modification to the St Andiew’s Dam which
would make possible the maintenance of water
levels 1 the City of Winmipeg throughout the
winter

The mcrease m channel capacity obtained 1n
the aiea below Greater Winnipeg was extended
throughout the Metropolitan area by a combi-
nation of channel enlargement, an improvement
in channel alignment and a reduction of rough-
ness 1n the channel Roughness would be re-
duced by the removal of trees, shrubs and other
obstructions to the river’s flow Both the im-
provement 1n channel alignment and the rough-
ness 1eduction would 1necrease the 1iver’s velo-
cily and thus add to 1ts earrying capacity

For each proposal a channel was designed
which would provide the required carrying capa-
cities (110,000, 130,000 and 140,000 ¢ fs) with
a water level throughout the city at about one
foot below the top of the mam dyking system
In each imstance, piovision was made for a
smooth uniform channel throughout the entire
metiopolitan area This channel would have
a 200 foot bottom width, 10 to 1 side slopes up
to elevation 735 (one foot above normal sum-
me: water level in Winnipeg) and 5 to 1 side
slopes above that elevation The side slopes
above elevation 735 would be seeded to grass
Thus, the shape of the channel would be uni-
form 1n all three proposals, the increased capa-
city 1n the laiger channels being obtammed by
inereasing the depth and width of the ehannel

In a few areas this plan wis modified In
thiee areas 1n the central pait of Winnipeg, ex-
cavation was confined to one side of the river
because of the large amount of expensive pro-
peity 1 this area Provision was also made
for a cutoff 1n the Elm Park area, the aban-
doned river channel to be filled with excavated
mateiial

As a tesult of these improvements to the
channel, 1t was estimated that the average
value of the roughness coefficient “n” (n
Manning’s formula) would be reduced fiom
034 to 029 While a shghtly laiger reduction
than this might be obtained immediately upon
completion of the improvements, some of this
would disappear in a few yeais The above re-
duction 1s the amount that should be capable
of continuous maintenance

The cost of these thiee projects is shown 1
Table 42
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(¢) St Norbert to Emerson

The Commission gave careful consideration
to the possibility of providing flood protection
to the valley area between St Norbert and
Emerson by means of widening and/or deepen-
mg the Red River channel Preliminiry engi-
neering study was given to two plans for chan-
nel improvement

1 A plan to increase the size of the existing
river channel to such an extent that 1t
would be capable of cariymng a flood flow
of 130,500 ¢fs and

2 A similar plan, capable of carrying a flood
flow of 95,000 ¢ f's

In both plans, separate cost estimates were
prepated for channel impiovements throughout
the entire length of the 11ver fiom St Norbert
to Emetson and for channel improvements con-
fined to the area fiom St Norbert to Ste
Agathe

Improvements to the channel south of Win-
mipeg would reduce the natural storage of
floodwater that now occurs in this area and
would result 1n higher flood stages 1n Winnipeg
It has been estimated that valley storage during
the 1950 flood reduced the flood peak m Win-
nipeg by 2v% feet An inciease in the capacity
of the Greater Winnipeg Floodway of the size
needed to reduce the flood peak by this amount
would cost $9,200,000

(d) On the Assimboine

On the Assimiboine Rive:r, channel improve-
ment 1n the past has been confined to a few
cut-offs where particularly sharp bends or loops
were causing frequent ice jams No general
scheme for improving the channel was meluded
1n the report on this river made by PFR A It
would be possible to enlarge and straighten the
Assiniboine River channel between Portage la
Prairie and Wmmpeg and this would un-

Table 4 2

THE (OST OF CHANNEL IMPROVEMENTS, RED RIVER,
BELOW AND THROUGH GREATER WINNIPEG

I BFLOW GRFATER WINNIPFG
Excavition
Dewatering
Disposil Grounds
Modifieation, 8t Andrew’s Dam
Engineering and Miscellaneous

Sub-Tot1l
IT GRFATFR WINNIPLG

Excavation

Disposal Grounds

Reconstruction Haul Routes
Pipeline Crossings and Bridge Prot
Reconstruction of Streets
Relocation, Pumping Stations
Bridges

Fngineering and Miseellaneous
Property Acquisition

Sub-Total
ITII TOT1AL COST

Plan No 1 Plan No 2 Plan No 3
(110000 cfs) (130000cfs) (140000cfs)
(Thousands of Dollars)
816 043 % 23,474 2 30,249
3082 3194 3,306
100 145 185
350 350 350
2,457 3 260 4 091
$22,032 $ 30423 % 38,181
%12 353 $ 23194 $ 25,270
137 201 253
2130 2,130 2,130
» 000 6,000 7,000
486 873 999
825 1125 1,200
1,231 1851 2,454
2 827 4413 4,885
18 626 36 726 40,577
449 615 % 76 513 $ 84 768
$66 517 $106,930 $122,940

In preparing cost estimates for each of these
plans, the river was divided into twenty-one
reaches and estimates were prepared of the
amount of excavation required in cach reach
For example, at Ste Agathe 1t was estimated
that the river would have to be widened by 300
feet to provide the 130,500 c¢fs flow and by
150 feet to provide the 95,000 cfs tlow

The cost of these proposals was estimated to
be as follows

St. Norbert to St Norbert to

Emersgon Ste Agathe
Channel 1 (130,500 efs) $67,000,000 $24,520 000
Channel 2 (95,000 efs) 50,360,000 14,230,000

doubtedly reduce flooding 1n the farming
region on both sides of the river Ilow-
evetr, such an improvement would have the
major disadvantage that 1t would worsen the
flood situation i Greater Winnmipeg 1n years
when high flows on the Assiniboine coimncided
with floods on the Red River This would result
from the loss of some of the natural storage
now provided by the overflow from the Assini-
boine that occurs in flood yeatis

Because the Assmmiboine River 18 a heavy
silt-carrymg stream, some maintenance of the
river channel 18 requited 1f the present carrymg
capacity of the river 1s to be maintained
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Dykes

Although the construction of dykes 1s wadely
used as a method of flood protection, they con-
tamn inherent dangeis that sharply limit therr
usefulness Once the dykes have been con-
structed, people living 1n the protected area are
likely to become over confident and build ex-
pensive pioperty in low-lying ateas If mn a
subsequent flood the dykes are overtopped, the
total damage to propeity will be greatly in-
creased In addition, people may iemain 1n then
homes too long go that the danger of loss of
Iife becomes much higher If the dykes fail,
water will come 1n with a rush and people may
find themselves trapped by the i1amdly rising
waters Flood contiol authorities have attempt-
ed to avoid this 1i1sk by building dykes high
enough to withhold the highest known flood
But this does not ehmnate the 118k of dyke
failure o1 the chance that a flood may occur
which exceeds any previously recorded These
11sks are explained in more detail in Chapter 10

(a) Dykes in the Greater Winnipeg Area

Following the 1950 flood, the Federal Govern-
ment entered into an agireement with the Piov-
ice of Manitoba which provided for the con-
struction of a system of dykes in the Greate:
Winnipeg aiea These dykes weire mtended to
provide a partial degree of flood protection and
reduce the flood hazard in the area until the
overall flood protection problem could be
studied The dyking scheme provided a main
Iime of flood defence at a height of about two
feet above the 1948 flood level and about fou
feet below the 1950 flood level

In geneial these dykes wete built to a stand-
ard width of 26 to 50 feet and in most -
stances the dyke 18 used as a permanent road-
way This width will make 1t possible to build
temporary dykes on the river edge of the
permanent dyke and still leave room for two
tiaffic aiteries The broad width also makes
for easier access during periods of emergency
dyke constiuction It has been suggested by the
Greater Winnmipeg Dyking Board that emer-
gency dykes could be built up to the 1950 flood
elevation

The dykes are confined to aieas where the
natural land elevation 1s below 26 5 feet (City
datum, James Avenue) and are tied mnto higher
land elevations to form a piimary line of
defence thioughout the Gieater Winnipeg aiea
In areas whete the land elevation exceeds 26 5
feet the Iine of defence has been chosen so as to
permt ready traffic access It continues out into
the country unftil it ties i with high land

The project also provided for the erection of
21 separate pumping stations adjacent to man
sewer outfalls These sewer outlets have been
provided with sluice gates so that in flood
periods the river water can be closed off and the
sewage and rain water can be pumped over the
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banks and into the river Six further pumping
stations have been built and equipped since the
dvkes were first constructed

While 1n periods of emergency 1t would be
possible to add to the present dyking eleva-
tions and at least to fight a flood up to the
1950 flood elevation, there are, however, serious
11sks 1nherent 1n this process

Because of these various risks the Red River
Basin Investigation concluded that emergency
dylking should not be relied on as a positive
method of flood protection Accordingly, they
suggested that the safe carrying capaaty of
the 11ver channel should be taken as the flow
between the euisting dykes with an adequate
allowance for freeboard Iloweveir, the Red
River Basin Investigation did make two pro-
posals for permanent additions to the present
dyking system One of these proposals was
designed to provide perm inent flood protection
acamnst a flow of 285 feet at James Avenue
The other called for a set of dykes which, to-
gether with channel enlargement, Tral C,
would be capable of confining the 1950 flood
within the dykes

The dyking system mnvolved in the first pro-
posal was designed wherever practicable tfo
provide a fieeboard of thiee feet above the 285
feet design flow

The plan calls for ten foot top dykes in areas
whete the dyke 1s located on other than a street
o1 1oad Whele the proposed location 1s along
a 10ad o1 street, the plan calls for the raising
of the road to the required height with a 26
foot top width If this 1s impractical, provision
18 made for a 10 foot shoulder dyke on the river
s1de of the road

It was estimated that such a dyking system
would create a safe channel capacity of 95,000
cubic feet per second as compaied with the ecapa-
city of about 80,000 c¢fs provided by the
present dyking system

The second dyking proposal of the Red River
Basin Investigation was foi the construction of
a set of dykes which would extend the benefits
obtamed from channel enlargement, Tnal C,
uniformly through the city Undeir 1950 flood
conditions T11al C provides stage reductions of
45 feet at Redwood Bridge, 81 feet at the
mouth of the Assimbomne and 5 feet at the
University of Manitoba

In the mamn, the additional dyke construction
requined by this second pioposal hes in the
gsouth end of the city wheie dykes can be con-
stiucted more cheaply and boirow material 1s
more accessible Much of the costly dyke con-
struction i the centre of the city that would be
required for the 28 5 foot dyke design 18 elimin-
ated or greatly reduced under this proposal
Implementation of this plan would provide a
safe carrying capacity of 103,600 cfs, the
1950 flood flow
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(b) Dyking between Emerson and St Norbeit

Preliminary investigations were made of two
proposals for dyke construction in the airea
from St Norbeit to Emerson

1 A prelimimary study was mide to see what
would be the possibility of providing a ring
dyke to encircle the Town of Moi1is and a re-
connaisance was made of simlar dykes for
other towns along the Red Rive:

2 The feasithility of providing dykes along
each side of the Red River from Winnipeg to
Letellier was investigated These dykes would
give protection to a height ol somewhat less
than that of the 1950 flood Any higher protec-
tion would raise the water level at the Inte:-
national Boundary

Indications are that the ring dykes around
the towns would vary in height from about 3
feet around Letellier to fiom 7 to 15 feet high
around Morris For some towns, such as St
Norbert, Ste Agathe, St Jean Baptiste and
Emeison, the towns are so close to the i1ver
that the proposed dyke would have to be located
back on the nearest roadway and, in some m-
stances, such as Emetson, 1t would have to be
located on the main street of the town This
would undoubtedly create many difficulties and
piobably would not be acceptable to the resi-
dents This will be particularly true where the
dyke 1s of substantial height ~All the pioposed
dykes are 26 o1 more feet wide on top and aie
expected to be used as stieets or 10ads

It 1s not usual to construct dykes to an eleva-
tion below that of the highest known flood be-
cause dykes give people a false sense of secul-
ity If the dyke fails or 1s overtopped 1t could
lead to serious loss of ife Howevet, 1n the case
of ring dykes mm the Valley, the surrounding
area would be flooded 1n any case and 1t 1s
therefore reasonable to assume that evacua-
tlonkwould occur well 1n advance of the flood
pea

Regarding the suggestion for parallel dykes
on either gide of the Red Raver, 1t was assumed
that ITighway 75 would serve as a dyke on the
west side of the river and St Mary’s Road or
River Road would be used on the east side
Highway 75 1s higher than the 1950 flood level
thioughout 1ts length from Emerson to St
Notbert except for ten miles north St Jean
Baptiste It was assumed that this latter area
could be raised by means of temporary dyking
in a flood emergency Provision was made for
1aising St Mary’s Road to one foot above the
1950 flood level, with a 30 foot 10ndway top and
4 to 1 side slopes Culverts through Highway
75 and the St Mary’s Road dyke would be
gated and the water these culverts normally
dramn would be pumped over the dyke in flood
periods

A number of the laiger tmbutary streams
such as the Moi11s, Plum and Roseau rivers and
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some of the laiger dramnage ditches are dyked
back to higher ground elevation since 1t was
anticipated that temporary pumps would not
be able to handle the flow

Excepting the St Mary’s Road dyke, all the
dykes would have a 26 foot top width and 3 to
1 side slopes They would be surfaced with 6
mches of gravel to pernut easy access to and
inspection of the dykes 1n a flood period

Because m wny houses and buildings are bwlt
close to the Red River or to tributaiy stieams,
a substantial amount of property would not be
protected by these dykes Indeed, property lo-
cated between the dykes and the river would
be subject to more frequent and more severe
flooding than under natural conditions

According to prebminary indications, dykes
around the towns along the Red River south of
Winnipeg would cost about $1,400,000 and the
system of dvkes from Emeison to St Norbert
would cost about $%,400,000

(¢) Dyking on the Assmiboine

The Report on Conservation and Flood Con-
trol on the Assimibome River considered the
possibility of dyke constiuction in several
reaches of the Assimmbome River Two dyking
sthemes weie considered 1 the Portage la
Piawrie to Winnipeg Reach, a dyking scheme
m the Brandon area was discussed and some
evaluation was made of a dyking plan for the
Millwood to Biandon Reach of the river

For the Portage la Prairie to Winnipeg atea,
the report decded that it was impractical to
build a dyking system that would protect
against the highest known flood Instead, a
plan to provide protection agamst a one percent
flood was studied

Two alteinative plans weile considered The
fiist provided for 2 system of dykes at a cost
of $7 mllion (in 1952) about one muile apart
on either side of the river Thig plan would
avold the dyke erosion problem that occurs
when dykes are placed on the banks of the river
A few cut-offs were provided in order to pro-
tect the old No 1 Highway The alternate plan
provided for dykes on the 11ver bank at a cost
of 6,700,000 (in 1952)

Both plans would provide protection up to an
elevation of 36,000 ¢fs Although the cost of
the second plan 1s shghtly lower, the main-
tenance costs of such a dyking system would be
much higher Further, some revenue might be
obtained fiom the fiist scheme thiouch leasing
hayland between the dykes

Since the 1eport was completed, the PFR A
has improved the old dyking system on the
banks of the rivei that was begun by the De-
partment of Public Works after the floods of
1922 and 1923 Dresent plans call for 1aising
these dykes to a level which would contain a
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flow of from 21,000 to 22,000 cubic feet per
second, with no allowance for fieeboard

Dyking along the Assimiboine below Portage
la Prairie has the major disadvantage that 1t
tends to increase the flood levels m Greater
Winnipeg It has been estimated that the two
dyking schemes outhined above would nciease
the flood flow at the mouth of the Assimbomne
m Gienter Winmipeg by 1,500 ¢ f s

In the Biandon aiea the Assimibomme Report
developed 2 pioposal for a dyking scheme 1n
the Biandon Flats together with a cut-off for
one mijor loop at a total cost of $500,000 The
dyke was designed to provide protection for a
one petcent flood o1 a flow of 36,000 cubic feet
pet second

Between 1954 and 1956 at a cost of $50,000
a dyke was constiucted on the south side of
the river 1n approximately the location sug-
gested in the PF R A 1eport This dyke 1s some
9,500 feet long, has an average crown width of
21 feet and has an elevation of 1,1795 leet
above sea level (1,180 W — 1,179 E) 1t success-
fully withheld the spring floods of 1954, 1955
and 1956 The highest flow at Brandon duiing
this peilod was 18,900 ¢ fs 1 1955 The top of
the piesent dyking system coitesponds to a
flow of about 29,000 ¢fs Allowing ion 1V}
feet of freeboard, the dykes might withstand a
tlood of about 21,000 c¢fs

In the 1each fiom Millwood to Brardon, the
Report concluded that 1t was not feasible to
construct continuous dykes However 1t would
be possible to constiuct dykes that would pro-
tect a number of major areas This analysis -
dicated that the cost of this proposal would
amount to $100 per acre of agricultuial land
protected for dykes that would protect agamnst
8 4 percent flood (once 1 25 yeais) and $75
per acte for dykes that would protect against
a 10 percent flood (once 1n 10 years)

Revision of Costs

Where cost estimates were origmally pre-
pared by the Red River Basin Investigation in
1952, 1t was necessary to revise them to take
account of the ncrease 1n labour and maitenal
costs since that date Account was also taken
of new structures or roads that had been located
along the routes of the various piojects

In 1evising the costs of the Greater Win-
mpeg Floodway 1t was necessary to alter the
floodway’s 1oute because of the new railway
yvard the C N R 1s developing acioss the o11ginal
location The origmal and revised ioules are
shown on Plate 2 Some changes weie also made
to accommodate the 1loodway’s location to the
proposed 1oute for the perimeter 10ad and to
take account of the extension that has been
made m Highway 59 This revised route 1s
somewhat longer than the origimal route pro-
posed by the Red River Basin Investigation

Tn the ormginal cost estimates 1t was assumed
that the average cost of excavation would be
30 cents per cubic vard for ordinary material
ind $1 00 per cubic yard for hardpan These
costs were reviewed with a number of en-
gineering authorities and with a group of con-
stiuction contractors After careful considera-
tion 1t was decided that the original cost esti-
mates for this 1tem should not be changed
However, two of the members of this Commis-
sion feel that there 15 a good possibility that 1f
the project is catried out, a sigmificantly lower
price for this poition of the pioject may be
obtained On a 60,000 c¢fs floodway, a dif-
teience of 5 cents per cubic yaid on excava'ion
would amount to about $6 milhon

In revising the costs of acquring right-of-
way along the floodway’s 1oute, two local land
appraisers were consulted and land prices were
1evised 1 the hight of thewr advice

A detailed breakdown of the 1evised costs for
the Greater Winmipeg Floodway 1s given in
Table 44 The origmal and revised costs for
other projects aie shown in Table 43 The
revised costs on the High Bluff route for the
Portige Diversion include an allowance for a
new btidge t-it will be requred where the
project ciosses the Trans-Canada Highway Fot
the channel improvements i the Lister’s
Rapids area, provision wis made 1n the costs
to1 2w modification to the dam at Lockport which
would enible the mamtenance of water levels
i the City of Winnipeg throughout the winter
months

Table 4 3

ORIGINAL AND REVISED COSTS, VARIOUS
F1.OOD PROTECTION WORKS

Original Revised
1952 1957-b8

(Thousand Dollars)

Portage Diveision
Foit La Remme Route

10,000 c¢fs 3 5,995 § 6,684

25,000 c¢fs 10,117 11,010

40,000 ¢f s 12,935 14,097
High Bluff Route

10,000 c¢fs 5,118 5,709

25,000 cfs 7,758 8,672

40,000 efs 9,64 10,861
Rusgell Reservoir 6,000 6,450
Ste Agathe Detention

Basin 8,750 9,234

Pembina River Reservoir 4,700 5,140
Eastern Tributaries

Diversion 10,300 11,330
Lister’s Rapids Removal

Tral 12 . 5,236 5,674

Trial B 13,119 14,925

Tral C 24,826 29,326
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CHAPTER 5

THE BENEFIT-COST ANALYSIS OF
FLOOD CONTROL PROJECTS

The primaty purpose of a benefit-cost analy-
s18 18 to compare the benefits of a particular
project with 1ts costs Where there arc several
ways of pieventing flood damages, such an
analysis will show which of these 1s the most
favourable, that 1s, which pirovides the greatest
benefit for a given cost It 1s usual to express
this compaiison of costs and benefits in the
form of a benefit-cost ratio

The benefit-cost ratio for a project 18 deter-
mined by dividing the annual benefits of a
project by its annual costs If this ratio exceeds
10, the project will be considered favourable
since the annual bhenefits exceed the annual
costs The higher this 1atio, the more favour-
able 1s the project Thus, where the benefit-
cost ratio 15 30, the annual benefits 1n the
form of flood damages prevented will be three
times as large as the annual costs of the piro-
ject In other words, by constiucting the pro-
ject, the community concerned can save them-
selves thiee dollais mm the foim of flood
damages prevented for every dollar spent in
building the project Benefit-cost ratios can be
calculated for a combination of projects as well
as for individual projects

In addition to overall benefit-cost ratios,
meremental o1 maiginal benefit-cost ratios
have been calculated Such a ratio compares
the additional benefit obtained from a given in-
crease 1n the size of the project with the added
cost of obtaining that benefit At some stage mm
most piojects 1t will be found that the incre-
mental benefit-cost 1atio falls below 10 This
indicates that the additional benefit from a
given 1nctease In the size of the project 15 less
than the cost of this addition In these circum-
stances, for those benefits which can be reduced
to a dollax value, the commumty would be fur-
ther ahead 1f they were to absorb the additional
damage when 1t occurs rather than incur the
added cost required to prevent i1t This will be
true even where the overall benefit-cost ratio
still exceeds 1 0 Both overall and ineremental
benefit-cost 1atios have been used 1n this study

Annual costs normally include the annual
mterest charges on the capital cost of the pro-
ject, an annual amor tization charge which will
accumulate a fund sufficient to repay the capi-
tal cost of the project over its useful life, and
the cost of maintaiming and operating the pro-
ject

Interest chaiges will vaiy with the interest
rate that has to be paid by the borrowing
authority which i1s financing the project In this
study, an interest rate of four percent has been
sclected as a basis of evaluation This corres-
ponds closely to the average rate paid by the
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Province of Manitoba since the end of the wat
It 1s higher than the coriesponding Federal
1ate but somewhat lower than the rates paid
by mumnicipalities in the Greater Winnipeg
area

Amoitization chaiges on all projects have
becn calculated on the basis of a 50-year hfe
While thete 1s no doubt that some projects will
have a useful life of more than 50 years, any
increase 1n the length of the amortization pe-
110d beyond 50 years does not have any very
material cffect on annual costs Use of a 50-
year period means that, 1in effect, the project
will have been fully paid for within 50 years,
and benefits obtained beyond that pomnt will
mvolve no interest or amortization cost

Thus, as the data in Table 51 1llustiate, an
extension of the amortization period from 50 to
100 vears only reduces the combined interest
and amortization charge by 12 percent Accord-
ingly, since use of a longer cvaluation period
than 50 yeais would not significantly affect the
s17ze of the benefit-cost ratios, a standard 50-
year petiod was adopted for the evaluation of
all projects A similar period 1s used by the
United States Army Corps of Engineers and
other authoritics m the United States

Table 51

ANNUAL INTEREST AND AMORTIZATION
COSTS ON A $10 MILLION PROJECT

Life of Project  Inteiest Amoi tization Total
(at 4 Percent)
20 years $400,000  $335,817  $735,817
40 years 400,000 105,235 505,235
50 yeals 400,000 65,502 465,502
60 years 400,000 42 018 442,018
100 years 400,000 8,080 408,080

Interest and amortization charges are calcu-
lated on a capital cost for each project which
ineludes not only the cost of constructing the
project but also the interest which will have to
be paid on boriowed funds during the construec-
tion period

The benctits of a tlood-control project con-
sist of the flood damages and flood losses which
the project will prevent

In practice, floods occur at 1tregular intervals
and often cause very high damages when they
do occur The benefit derived from the flood-
control scheme consists of the elimination of
all or part of these 1riegularly occurring dam-
ages To reduce the benefits obtained from the
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elimination of serious damages at irregular in-

tervals to an equivalent average annual bene-

fit which can be compared with the annual cost

of a flood control project requires a special

analysis The proceduie followed is to make a

flrcq&lency-damage analysis of all possible
oods

The frequency of a flood refers to how often
on the average 1t can be expected to occur and
18 estimated on the basis of past experience It
can be expressed either in terms of years o1
percent For example, according to the fre-
quency study carried out by the Red Raver
Bagsin Investigation, a flow of 115,000 cubic
feet per second or higher on the Red River at
Redwood Bridge can be expected to oceur once
m every 50 years (The 1950 flood flow was
103,600 ¢fs) Thig 18 known as a two peicent
flood Over a long petiod of time 1t 1s a flood
level that can be expected to be reached o:
exceeded on the average twice In cvery omne
hundred years or two percent of the time Sim-
larly, a flow of 95,000 ¢ fs at Redwood has an
estimated frequency of once 1 29 years or 3 4
percent

A compaiison of the fiequencies of these two
flows indicates that a flood somewhere 1n the
range from 95,000 to 115,000 cfs can be ex-
pected to occur on the average with a frequency
of 14 petcent (34-20), o1 about once 1 every
71 years Thus, i a period of 150 years, about
five floods of 95,000 ¢fs or higher could be
expected and of these five, some thiee would
excced 115,000 ¢ £ 8 The remaining two would
fall 1n the 1ange from 95,000 ¢fs to 115,000
c¢fs The damages that would be caused 1in
Greater Winnipeg by a flood of this size, a flood
of from 95,000 to 115,000 ¢f s, would amount
on the average to $127 million dollars The
equivalent 1mm annual terms of these damages
can be estimated as the total damages caused
by such a flood multiplied by the chance of its
occurrence, 1n this case 1 4% x $127 million, 01
$1 778,000

Applying a similar analysis to floods of all
other sizes, the annual equivalent of the total
damages that might be caused by floods of all
possible sizes can be estimated Thas total 1s the
sum of the damages that would be caused by
floods of all possible magnitudes multiplied in
each case by the percentage frequency with
which such a {lood can be expected to occur

Such an analysis 18 1illustrated 1n tabula:
form for the Greater Winnipeg area 1n Tables
52 and 53 The basis of these damage esti-
mates 15 eaplained in Chapter 6

Table 5 2 gives the frequency of occurrence
and the estimated total damages that would be
caused 1n the Greater Winnipeg area by a series
of flood flows taken at 20,000 c¢fs intervals
ranging from 55,000 ¢ fs at Redwood Bridge
up to 195,000 ¢fs Table 58 which has been
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adapted trom the material in Table 52 shows
fot all possible s17es of {low at Redwood Bridge,
the probability or chance that a flood of a given
s1ze will occur and an estimate of the average
damages that would be caused by such a flood 1f
1t did ocout

Table 5 2

FREQUENCY OF OCCURRENCE AND
ESTIMATED FLOOD DAMAGES IN
GREATER WINNIPEG FOR SELECTED
FLOWS AT REDWOOD BRIDGE

Flood
Damages In
Greater
Flow at Winnipegi
Redwood Fiequency of Occurrence* (Million
Budge (efs) (mm yeus) (i pereent) Dollars)
(1) (2) (3) (4)
55,000 64 156 0
75,000 15 67 74
95,000 29 34 630
115,000 49 20 1910
135,000 78 128 35610
155,000 120 33 5200
175,000 185 54 6720
195,000 265 18 759 0

thee Plate 4

{Damages that would occul i the absence of all dykes.
Estimates have also been piepared showmg the dam
ages that would oceur 1f all flooding behind the dyking
system were prevenled The dykes atc not 100 percent
safe and as the flood level 11ses, an mcieasing amount
of flooding behind the dyking system can be expected

Bquivalent annual damages are obtained by
multiplying these estimated average total dam-
ages by the chance of their occurence (column
2 multiplied by column 3) These data show
that the annual damages for floods of all sizes
(assuming no dykes) i the Greater Winnipeg
arca amount to $13,294,000 The annual dam-
ages (column 4) shown in any given row of
Table 5 3 give the equivalent 1n annual terms of
the damages caused by floods 1n that particular
s1ze range For exaumple, a flood in the size
range from 115,000 to 135,000 cfs would, on
the average, cause total damages of $271 mul-
lion and, since such a flood can be expected to
occur with a irequency of 72 percent (once 1n
139 years), in annual terms this gives a dam-
age of $1,951,000 (72% x $271 maillion)

A 1ough check on the above estimate of an-
nual damiges can be obtained by asking the
following question suppose the same floods
wetre to occur during the next 150 years as Win-
nipeg actually experienced during the past 150
years? On the basis of this set of floods, what
would be the average annual amount of flood
damages mcuiied, assuming throughout this
period the same amount of property and in-
come 1n existence as exists today? (The effects
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Table 5 3

FREQUENCY DAMAGE ANALYSIS,
GREATER WINNIPEG AREA

Flow at kguivalent
Redw ood Fiequency of Average Annual
Bridge Occurrence Damages Damages

(cfs) (Percent) ($ Million) ($thousand)

(1) (2) (3) (4)

Below 55,000 844% $00 $ 0
55 - 75,000 39 37 329
75 - 95,000 33 352 1,162
95 - 115,000 14 127 0 1,778
115 - 135,000 72 2710 1,951
135 - 155,000 45 4355 1 960
155 - 175,000 29 596 0 1,728
175 - 195,000 16 7150 1,145
195,000 and over 38 853 0 3,241
Total 100 0% $13,294

ot growth on benetfit-cost analysis 1s discussed
in Chapter 9) The answer to this question 1s
prtovided by the data in Table 5 4 which show
estimated damages foir each of the seven largest
floods recorded 1n the past 150 yeais

A perod of 150 years has been used rathe:
than the 125 years irom 1826 to 1950 because
1t 1s 1easonable to allow for a number of flood-
fice years at both the beginning and end of
this period Before 1875, records are avallable
only for the three major floods that occurred
1n 1861, 1852 and 1826 It 1s possible, therefore,
that our list 1s incomplete and omits some
floods of substantial size of which no record 1s
available Nevertheless, even with this possible
omission, the estimate of annual damages ob-
tained 1n this way, $12,283,000, 15 vety close to
the estimated total of $13,294,000 obtained in
Table 53 Thus, the record of actual eapei-
1ence provides a rough check on the method of
analysis used in this benefit-cost study

Table 54

ESTIMATED FLOOD DAMAGES AND
OTHER LOSSES, GREATER WINNIPEG
AREA FOR SEVEN MATOR FLOODS

IMood Damages for
such a flood n

Size of Flood Dis-

Year of charge m ¢fs at Gieater Winnipeg 1n
Occurrence Redwood Buidge 1957 ($ Milbon)
1826 225,000 $ 8525
1852 165,000 593 2
1861 125,000 266 7
1950 103,600 114 2
1882 79,700 135
1916 71,200 18
1948 69,000 6

Total for Seven Floods $ 1,8425

Annual Average Basis 150 years $12,283,000

33

Although the flood damages in Table 5 4 are
those which would occur 1n the absence ol the
present dyking system, these totals would not
be reduced very much by our present dykes
Thus, even 1f 1t weie possible by emergency
dyking to make our present dyking system safe
for all floods of less than 100,000 cfs, the
ibove damage total for these seven major floods
would only be reduced by about $16 million

In practice, annual damages are estimated
by the use of graphs rather than tables, since
this permits 4 moie accurate evaluation The
procedure used 1n this volume 1s as follows

1 A stage (clevation)-discharge curve 1s
ptepared This shows for some central
reference point (eg Redwood Bridge)
the flood wator elevations corresponding
to different discharges (1 e volume of
tlow measured in cubic feet per second)
Such a curve, In engimeering patlance a
rating cuive, 15 shown 1n Plate 5, Figure
5A (the upper curve labelled ‘“‘natural
conditions’)

2 A stage-damage curve 1s piepared show-
mg the total flood damages and flood
losses that would occur at diffeient
floodwater elevations (See Plate 5,
Figure 5B) In preparing such a curve,
flood damages aie estimated for a num-
ber of selected elevations and these points
are then joined together with a smooth
curve

3 A frequency-dischaige cuive 1s prepared
which shows the fiequency with which
floods of different sizes can be expected
Such a curve had alieady been prepared
for Greater Winnipeg by the Red River
Basin Investigation and this 1s shown 1n
Plate 5, Figuie 5C To take a particular
flow, say 100,000 ¢ fs, this curve shows
that such a flow at Redwood Bridge can
be expected to occur on the average 3 per-
cent of the time, or once 1 every 33
years This means that over a very long
period of time a flood flow equal to or
excecding 100,000 cfs at Redwood
Bridge can be expected to occui, on the
average, once for every 33 yeais in this
period Tt does not mean that there will
be one flood of this magmtude 1n every
33 vears It 1s perhaps worth noting that
since 1826 there have been four floods 1n
G%'eater Winnipeg which exceeded 100,000
cfs

4 A frequency-damage curve 18 then con-
structed with the data given in the above
three cuives (See Plate 5, Figure 5D)
Thus, 1f we take a given dischaige, say
135,000 ¢fs, we can obtain the corres-
ponding flood elevation at Redwood
Bridge from Figure 5A, namely 760 feet
above mean sea level At this elevation
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we can find the total flood damages n
this reach, $112,000,000 from Figuie 5 B
(follow the line of arrows to the right)
Using Figute 5 C we find that 135,000
cfs oceurs with a fiequency of 13 per-
cent or once 1n 77 years Accordingly, we
plot this point, $112 million and 1 3 pei-
cent 11 Figure 5D Similarly, the tiequen-
ciecs and damages for other flood
discharges can be plotted Joming up
these plotted points gives us the smooth
cuive 1n Figure 5D

The total area under this curve which cin be
measured with an mstiument called a plani-
meter 15 a measure of the annual damages
caused by all floods 1 this particular reach of
Greater Winnipeg Any one square undei the
curve 1n Iigure 5B 15 equal 1n terms of Average
Annual damages to $200,000 (1% < $20 nul-
lion)

A similai analysis can be carried out for
other scgments of the Gieater Winnipeg aiea
The average annual damages obtained for each
reach can then be added together to obtain the
total equivalent annual damage for the entire
Greater Winnipeg aitea When this 15 carried
out, a total of $12,870,600 15 obtained, some-
what less than the rough estimate given 1n
Table 53 above but somewhat moie than the
amount obtained in Table 5 4 Thus, these three
different estimates give results which are of
the same general size

This set of curves may then be used to evalu-
ate the flood protection benefits arising from
any particular project This has been illustrated
by showing the effects on each of the figures in
Plate 5, of a hypothetical project which would
reduce the flow at Redwood Bridge by 30,000
cubie feet per second

In the analysis used here 1t 1s assumed that
the horizontal axis on Figures 5A and 5C,
labelled Natural Discharge at Redwood Bridge,
measures at all times the total flow 1n the River
System In other woids, 1t measures the flow
that would have reached Redwood Bridge 1n the
absence of any improvements On this assump-
tion, the effects of the removal of 30,000 cfs
are to produce a lower elevation at Redwood
Bridge for the same total flow m the river
system (See Figure 5A) Thus, a total dis-
charge of 135,000 c¢fs will be 1educed to
105,000 ¢ fs at Redwood Bridge and this will
give an clevation of 756 feet, four feet bhelow

the flood elevation produced by 185,000 The
new elevations with the improvement, which
removes 30,000 ¢ fs in effect, are shown by
the curve labelled “improved conditions” 1n
Figure bA (It should be noted that this curve
13 not a rating curve in the ordinary sense,
that 15, a curve showing elevations plotted
against actual discharges at that point )

These new lower elevations result i smaller
flood damages Thus, at a total natural dis-
charge of 135,000 ¢t s, the removal of 30,000
¢ [s pioduces an elevation of 756 feet at Red-
wood Bridge, some four feet lower than under
unimproved conditions and the damages at this
elevation a1e only $26 million, substantially less
than the $112 milhon of flood damages that
would have been caused by a total flow on the
11ver system of 135,000 ¢ £ s under unimproved
conditions (See Figure 5B) This new lower
damage tolal 18 now plotted on Figure 5D op-
posite the frequency for a flow of 135,000 ¢ f g,
that 15, 1 3 percent (follow the line of arrows
icross and down)

In a similar way, the new lower damages can
be plotted tor other flood flows When these
points are jomed up, the new frequency damage
relation shown by the line labelled “improved
conditions” in Figure 5D 1s obtained The bene-
fit to Greater Winnipeg 1s then measured by
the area enclosed by the original line (labelled
“natuiral conditions”) and the line below 1t
(labelled “improved conditions”) This mea-
sures the difference between the average an-
nual damages caused by floods of all sizes 1n
Greater Winnipeg under natural conditions and
the damages that would occur with such an
mprovement 1n cffect This difference, in
this case $1,865,5600, 1s the annual benefit that
will be derived from this particular project 1n
Reach 3 of the Greater Winnipeg area A sim-
lar analysis can be apphed to Reaches 1 and 2
The sum of the annual benefits for the 3
1eaches gives the total benelit of this particu-
lar project The benefit-cost ratio for the pro-
jeet 15 then obtained by dividing this annual
benefit by the annual cost of the project?

The annual benefit calculated with either of
these two approaches takes account of the re-
duction 1n flood damages achieved for floods of
all possible sizes The area enclosed by the “nat-
ural condifions” and “improved conditions”
curves 1 Figure 5D 15 a measure of the annual
damages eliminated by the project 1n question

11n an alternative method of presenting this same result, the horizontal axis in Figures 24 and 5C refers to the actual discharge
at Redwood Bridge rather than the total flow that would have reached that point m the absence of anv 1mprovements  In this
type of presentation, the effeets of diverting 30 000 ¢ f s out of the nver are shown i Figure 5C (see dotted line), rather than on
Tigure 5A  Thus, with 30 000 ¢ f s diverted out of the niver at all discharges a total flow of 135,000 m the river system will now
give a flow of only 105000 ¢ fs at Redwood Bridge  Hence, a flow of 105,000 ¢ fs_at Redwood Bridge will now oceur at the
same frequency as formerly apphed to a flow of 135000 ¢ f< that 13 13 percent In a simlar way, other points on this new

discharge frequencv curve can he established
Figure 5C) a new elevation can be reud off Fizure 54

Lhen for each pomnt on the new discharze frequencv curve (see dotted curve
Thus, for a flow of 105,000 ¢ f s at Redwood Bridge the elevation on the

natural conditions curve in Figure 5A 13 750 which 15 the same clevation obtained i the approsch explamed above Following
the hne of arrows to Figure 5B gives the same damages of $26 million and this can then be plotted on Figure 5D opposite the new
frequency for 105,000 ¢ fs (1 3 percent), which gives the same pomt as obtaned 1n the original analysis  Thus, each of these

approaches gives 1dentical results




PLATE 5

FLOOD STAGE AT REDWOOD BRIDGE

FLOOD FREQUENCY IN PERCENTAGE
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NOTE:

This plate shows the derivation of average annual flood
damages for one section of Greater Winnipeg: (1) under
assumed natural conditions (no dyking system in existence)
and (2) after construction of a hypothetical control project
which would have the effect of reducing all nctural discharges
at Redwood Bridge by 30,000 cubic feet per second.

The area of graph located below the natural frequency-
damage curve measures average annual domages under
natural conditions. The area of graph located below the
improved frequency-damage curve measures average annual
damages remaining after the hypothetical control project is in
effect. The area of graph located between these two curves
measures the average annual benefits—the reduction in average
annual damages- which may be attributable to the project.

The stage- damage and frequency-damage relations shown
in this plate cover the following areas of Greater Winnipeg:
Ward {Il of the City of Winnipeg, the City of East Kildonon,
the R.M. of West Kildonan, the R.M. of North Kildonan, the
R.M. of Old Kildonan, the R.M.of East St. Paul, the R.M. of
West St. Paul and the Town of Transcona. These municipal-
ities together constitute Reach 3.

ROYAL COMMISSION ON FLOOD COST-BENEFIT

ANALYSIS OF BENEFITS
30,000 CFS. DISCHARGE REDUCTION

GREATER WINNIPEG - 957
REACH 3

DECEMBER i958




THE BILNELTL-COST ANALYSIS OF FLOOD CONTROL PROJECTS

If, 1n Figure 5D, we were to draw horizontal
Lines though the 1 percent irequency, the 2
pet cent f1equency, the 3 peicent flequency and
50 on, the areas enclosed by the “natural con-
ditions” frequency-damage cutve above and be-
low each of these lines can be mterpieted 1n
the following way The area above a hori1zontal
hne thiough the 1 percent frequency and en-
closed by the “natural conditions” irequency
damage cuive and the vertical axis 1s a measuie
of the annual damages caused by all floods with
a frequency of 1 peicent or greater, or in terms
of dizchaige, by all floods of the magnitude of
147,000 c¢is or smallet The corresponding
area below a hoiizontal line through the 1 per-
cent irequency in Figuie 5D 1s a measut e of the
annual damages caused by all floods that occu:
with a irequency of 1 percent or less, or, n
terms of dischaige, all floods of the magnmtude
of 147,000 ¢ fs o1 larger An mspection of the
area enclosed by the “impioved conditions” and
“natuiral conditions” cutves in Figure 5D indi-
cates that the paiticula: project being analyzed
would eliminate most of the damage caused by
tloods with a fiequency gieater than 1 percent,
a substantial part of the damages caused by
iloods that occur with a frequency of between
1 percent and 5 percent, but only a relatively
small part of the damages caused by the raie
floods with a fiequeney of 5 percent or less
Separation of the flood damages 1n a pairti-
cular area 1nto a number of i1eaches 1s neces-
sary tor benefit-cost analysis wherever the
project being analyzed causes different changes
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i floodwater elevation at different points
along the 1iver Thus, channel 1mpiovement
below Winnipeg would reduce ilood stages by
progressively smaller amounts for points Tur-
ther upstieam fiom the impiovement The
pioceduie followed 1n these circumstances 1s to
divide the total flooded area into a number of
1eaches Each 1each runs out to the edge of the
potentially flooded arei on either side of the
1iver and mote or less at right angles to 1t A
central refercnce pomnt 1s selected lor each
1each and a stage-discharge and stage-damage
cutve 1s prepated for this pomnt It 15 assumed
that the change 1n flood elevitions at this cen-
tral point resulting from any improvement 1s
1epresentative on the average of the change
that occurs thioughout that entire 1each of the
1vel

Thus, 1 the caleulation of benefits for any
atea, three basic relationships are necessary
a frequency-discharge curve, a stage-discharge
cutve, and a stage-damage curve From the-e
three 1elations, 1t 1s possible to obtain the
damage-fiequency cuive on which the calcula-
tion ol benefils 1s based Ficquency-discharge
curves on both the Red and Assimiboine Rivers
and rating cuives lor a number of points were
avatlable {1om tne eailier engineering ieports
In this study, one of our major tasks has been
the constiuction of stage or discharge-damage
1elations for Gireater Winnipeg and for various
reaches of the Red and Assiniboine River Val-
leys These damage estimates are presented 1n
the following three chapters



CHAPTER 6

STAGE-DAMAGE RELATIONS
GREATER WINNIPEG

Betore any benefit-cost ratios can be caleu-
lated, 1t 15 necessary to prepare estimates of the
flood damages that will occur at different flood
stages or elevations From these, a stage-dam-
age curve 1s prepared showing the relationship
between tloodwater elevations and flood dam-
ages In preparing this curve, the piocedure
followed 1s to select a number of flood eleva-
tions and calculate the flood damages and other
flood losses that would occur 1f cach of these
elevations wcie teached These estimated
damages ate then plotted against their cories-
ponding flood elevations and a smooth curve
18 drawn through them such as that shown 1n
Plate 5, Figure 5B (Sec Chapter 5) In some
circumstances, flood damages may be more
convenlently related directly to the volume of
flow or discharge rather than to the flood ele
vation and a discharge-damage curve prepared
This latter approach was used 1n the Red and
Assimiboine River Valleys

For the studies undertaken by this Commuis-
gion, tlood damage estimates were prepared
for each of three main 1egions, the Greater
Winnipeg area, the Red Raiver Valley between
Emerson and Wimnipeg and the Assimiboine
River Valley from Millwood to Winnipeg In
each mstance, theee areas weie broken up into
a number of reaches and separate stage or dis-
charge-damage curves were prepared fo1 each
reach Each of thcse areas will be considered
i turn

In this study the term “flood damages” 1is
used to cover not only damages to property
caused by floods but a broad range of other
losses occasioned by floods, such as loss of in-
come and extra costs incurired by tlood-fighting,
evacuation or clean-up after the flood Damage
estimates are based on the property and in-
comes 1 existence m 1957 Estimates of the
larger flood damages that would be incurred
some 25 years from now have also been pre-
pared for the Greater Winnipeg area These
are described 1n Chapter 9

GREATER WINNIPEG AREA

In preparing stage-damage relations for the
Greater Winnipeg area, the cntue area was
divided 1nto three 1eaches For some purposes,
such asg the evaluation of the temoval of Lister’s
Rapids, two of these reaches were 1n turn b1 ok-
en down mto two sub-reaches The areas inelud-
ed 1 each of these three reaches and the cen-
tral reference points selected for each were ag
follows
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Areas Todladed Reference Point

Reach 1  Municipalities of St Mile 53 (located
Vital and Fort near the eastward
Gairy north of pro extension of Oaken-
posed Greater Wim wald Avenue)
nmipeg Floodway and
1ts adjomning dyke

Reach 2 Waids I and II in  Main Street Bridge
Winnipeg, and St
Boniface, 5t James
Tuxedo, Biooklands
and Rosser

Resch 3 Ward TII m Winni- Redwood Bridge

peg and East Kildo
nan West Kildonan
No1th Kildonan, 0ld
Kildonan, lranseco
na, East &t Paul
and West St Paul

Reiches 2 and 3 were bioken down into 2 sub 1eaches
for the analysis of projects which produced a sharply
altered water profile thiough the Gieater Winnipeg
area These sub 1< iches and thent reference points are
as follows

Area Included Refeienee Pomnt

Reach Z (a) Ward I in Winnipeg Mile 48  (located
and St Boniface near the eastward
extension of MeMil-

lin Ave)

James Avenue

Reach 2 (b) Waid IT in Wimm
peg nd St James,
Tuxcdo, Brooklands
and Rosser

Reach 3 (2) Waid 11T in Winm
peg
Reach 3 (b) The four Kildonans Mile 42

East and West &t
Paul and Ti1anscona

Redwood Piidge

(located
near the eastwaud
extension of Seven

Oaks Ave)

Foi each of thesc reachcs, estimates were
prepated of the flood damages that would be
meurted if floods of some scven ditferent sizos
were to occur In addition, for two of these
floods, estimates weie prepared both for the
flood damages that would occur if the flood-
waters were successfully contained behind the
main dyking system at all points throughout
the Greater Winnipeg 1rea and for the damages
that would occur 1f the dykes were overtopped
at all points The magnitude of each of these
floods 1in terms of 1ts discharge at Redwood
Biidge and the elevation that would be reached
mn each of the thiee 1eaches of the city are giv-
ent in Table 61 The total flood damages that
could be anticipated m each reach and in the
Greater Wininpeg area as a whole 1if these

floods wete to occur today are shown 1n Table
62

On the basis of the data in these two tables,
stage-damage curves were prepared for each of
these 1eaches and for sub-reacheg 1n Reaches 2



STAGE-DAMAGE RELATIONS GREATER WINNIPEG

and 3 These curves are shown in Plates 6, 7
and 8 The lower curve on each diagram shows
the flood damages that would occur in the
absence of all dyking The upper curve shows
the much smaller damages that would be ineur-
red if the floodwaters were confined entirely
by the mam dyking system The intermediate
curve 18 an estimate of the damages that would
probably be incurred It assumes that ag the
floodwaters rose, an effort would be made to
confine them by the construction of temporary
dykes on top of the existing permanent dykes
However, 1t has been assumed that these flood-
fighting efforts would not be entirely success-
ful Thus, as higher and higher elevations were
reached, there would be a progressive increase
mn the risk of failure until at about a level of
32 feet 1n terms of city datum, the entire dyk-
g system would have been overtopped From
this pomt forward, the intermediate line
merges with the lower curve

It 15 clear from an examination of Table 6 2
that the flood damages and other flood losses

that would be caused by a major flood 1n the
Greater Winnipeg area are extremely large
For example, 1f a flood of the size that occurred
m 1852 were to recur today, 1t 1s estimated that
the total loss would amount to $593 mullion
Even a flood of the 1950 magnitude would 1m-
pose a loss of $114 mullion on the city 1f the
temporary dyking failed entirely and flooding
was general behind the main dyking system
Though these figures are very large, they are
based on a very thorough analysis and we are
convinced that they repiesent a fair and honest
evaluation of the flood logses that would occur
Indeed, 1f they err in any respect, 1t 18 that they
are too low since, as will be pomted out below,
they deliberately omit a variety of damages
that either proved difficult to evaluate accur-
ately or were omitted because they were of
secondary importance and they make no direct
allowance for many intangible considerations
such as the possible loss of life and the dis-
ruption, anxiety and heartbrcak caused by a
major flood

Table 61

DISCHARGE AT REDWOOD BRIDGE AND ELEVATIONS AT 3 REFERENCE POINTS
FOR SEVEN MAJOR FLOODS, GREATER WINNIPEG AREA

FLTvaTION IN FreT ABOVF HFa LrvrL
Elevation
Discharge at n Feet

Flood Redwood Reach 1 Reach 2  Reach 3 above City
Designation Bnidge Mile 53 Man 8t Redwood Datum at
efs Bridge Bridge JamesAve

1948 Flood 69 000 753 4 7313 7490 232

26’ above City Datum 81,000 756 8 754 0 7517 260

1950 Flood 103,600 7607 758 3 7559 302

1861 Flood 125,000 762 9 760 5 7500 323

1852 Flood 165 000 765 3 763 0 762 6 352

1826 Flood 225 000 767 7 765 2 764 5 373

Max Probable Flood 270,000 769 0 766 5 764 S 390

Table 6 2
ESTIMATED FLOOD DAMAGES, 1957, GREATER WINNIPEG AREA,
BY REACHES FOR SEVEN MAJOR FLOOD MAGNITUDES
Discharge at Total Flood Damages Total
Flood Redwood Bridge Reach 1 Reach 2 Reach 3 for All
Designation cfs Reaches
(Thousands of Dollars)

1948 Flood 69,000 $ 270 $ 230 $ 150 $ 650
26’ above City Datum (Condition 1) 81,000 1,500 13,300 2,800 17,600
26’ above City Datum (Condition 2) 81,000 1,000 1,600 400 3,000
1950 Flood (Condition 1) 103,600 13,900 76 500 23,800 114,200
1950 Flood (Condition 2) 103,600 5,400 14 600 4 800 24,800
1861 Flood 125,000 33 500 154 000 79,200 266,700
1852 Flood 165,000 59 700 340,000 193,500 593,200
1826 Flood 225 000 76,500 523,500 252,500 852 500
Max Probable Flood 270 000 84,700 602 000 261,000 947,700

Nore Condition 1

1ves the damages that would occur if flooding were general behind the mamn dyling system  Such a

posability 13 extremely remote for a flood level of 26 feet above ety datum but 1t 15 & definite risk at the 1950 flood level
Condition 2 gives the damages that would oceur if all flooding behind the mamn dyking system were prevented bv emergency

flood-fighting meamuires (temporary dyking, etc)
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PLATE 7

FLOOD STAGE AT MAIN STREET BRIDGE

FLOOD STAGE AT MILE 48
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OUTLINE OF REACHES 2, 2a and 2b
GREATER WINNIPEG

' Reach 2, with Mcin Street Bridge as its central reference

point, represents the following areas of Greater Winnipeg:

the City of St Boniface, Ward | of the City of Winnipeg,

Ward |l of the City of Winnipeg, the City of St. James, the
Town of Tuxedo, the Village of Brooklands and the R.M. of
Rosser.

Two smaller reaches, which together comprise the total area
of Reach 2, are constituted as follows:

Reach 2a, with Mile 48'05 its central reference point,
represents the City of St. Boniface and Ward | of the City
of Winnipeg.

Reach 2b, with James Avenue as its central reference point,
represents Ward Il of the City of Winnipeg, the City of St.
James, the Town of Tuxedo, the Village of Brooklands and
the R. M. of Rosser.

*Mile 48 is located approximately at the eastward extension
of McMillan Avenue.

LEGEND

Curve |. shows flood damages and losses with no flooding
behind the primary line of defence.

Curve 2. shows flood damages with progressive failure of
the flood defence system.

Curve 3. shows flood damages in the absence of all dykes
(natural condition ).

ROYAL COMMISSION ON FLOOD COST-BENEFIT

STAGE - DAMAGE RELATIONS

GREATER WINNIPEG - 1957
REACHES 2, 2a and 2b

DECEMBER 1958




PLATE 8

FLOOD STAGE AT REDWOOD BRIDGE

FLOOD STAGE AT REDWOOD BRIDGE
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OUTLINE OF REACHES 3, 3a, and 3b
GREATER WINNIPEG

Reach 3, with Redwood Bridge as its central reference point, represents
the following areas of Greater Winnipeg: Word Il of the City of Winnipeg,
the City of East Kildonan, the R. M. of West Kiidonan, the R. M. of North
Kildonan, the R. M. of Old Kildonan, the R. M. of East St Paul, the R.M. of
West St. Paul and the Town of Transcona.

Two smaller reaches, which together comprise the total area of Reach 3,
are constituted as follows:

Reach 3a, with Redwood Bridge as its central reference point, represents
Ward 11l of the City of Winnipeg.

Reach 3b, with Mile 42* as its central reference point, represents the
City of Eost Kildonan, the R.M. of West Kildonan, the R. M. of North
Kildonan, the R. M. of Old Kildonan, the R. M. of East St Paul, the R. M. of
West St. Paul and the Town of Transcona.

* Mile 42 is located approximately at the eastward extension of Seven
Oaks Avenue.
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STAGE-DAMAGE RELATIONS

GREATER WINNIPEG

Our estimate of the damages that would be
caused 1 Greatcx Winnipeg 1t a tlood of the
1950 magnitude weic to recur today 1s much
highcr than the total amount of damages paid
by the Red River Valley Loard and the Mani-
toba Flood Relici Fund In very considerable
measure this 1s due to the fact that the major
part of St Boniface was piotected by the Lyn-
dale dyke 1n 1950 wheieas our cstimates aie
for the damages that would occur if flooding
became general behind the main dyking system
Almost one-third of our estimated damages and
other Josses, for a 1950 flood, aie those that
would occur 1n the City of St Bomface In
addition, the damage payments made 1n 1950
did not 1nclude damages and loss of income suf-
fered by many business f11ms Then, too, there
has been a very considerable giowth since 1950
mm many flood-prone aieas Furthe:, the 11se
1 piices and incomes since that date, increases
the dollar value of any damages that occur

Estimates of flood damages and losses wete
preparcd under the following major headings
buildings and contents, with a bieakdown for
dwellings, apartments, business and institution-
al bwildings, public schools and government
buildings, public utilities and railways, loss of
1ncome, extra costs, streets, 10ads, bridges and
sewers, and flood fighting costs Estimates
for major floods under each of these headings
are ptesented 1n Table 6 3 A general discussion
of the methods followed 1n preparing these esti-
mates 1s p1esented 1 this chapter IFurther de-
talls ate given 1n Appendix E

To estimate damages 1n each of the designated
tloods 1t was first necessary to prepdare a map
showing flood levels thioughout the Greater
Winnipeg arca Such a map, showing flooded
areas tor floods of the 1950, 1852 and 1826
magnitudes, 15 enclosed 1n an envclope on the
back cover of this volume With this map, a
related map showing lines of equal water eleva
tion and a contour map of the area, it was
possible to establish average flood levels on a
block by block basis throughout the Gieater
Winnipeg area for each of the 26 foot, 1950

and 1852 flood levels For the other floods con
sidercd, flood levels were established by adding
01 subtracting a given amount to one of the
three mmtially established tlood levels, or 1 the
case of the 1948 flood, to the flood levels 1e
colded on mdividual houses by the Red River
Valley Board mn 1950 This information on
flood levels provided the basis for estimiting
flood damages under each of the following cite
goiles

1 Residential Dwellings

For cach block in the Greater Winnipeg area,
the average and total assessed value ol residen
tial dwellings was estimated on a sample basis
Flood damages were then estimated by applying
a damage to assessed value telationship ob-
tained from out analysis of the files of the Red
River Valley Board and the Manitoba Flood

lelief Fund The former provided a measure of

the damages that the 1950 flood had caused to
restdential dwellings The latter provided simi-
lar information for damages to personal prop-
erty in these dwellings

A detailed statement of the way in which
these damages to assessed value ratios were
preparcd, together with a seiries of charts and
tables showing these relations, has been in-
cluded 1n Appendix E Since these data were
expressed 1n terms of 1950 prices, 1t was neces-
sary to adjust them for the rise in prices that
had occurred since that time After an cxami-
nation of price and wage i1ate indices 1t was
decided to increase the real property damages
by 25 percent and the personal property dam-
ages by 15 percent to put them on a 1957 price
basis Both these ncreases are beheved to be
conservative

Because flood damages 1ncrease 1apidly
whencver flood waters rise above the floor level
of the house, a small difference 1n the average
level agsumed for the floor level of residential
pioperty could significantly affect the size of
the damage estimates In this study, 1t was
assumed, after consultation with a number of

Table 6 4

FLOOD DAMAGES TO DWELLINGS' AND CONTENTS
AND NUMBER OF DWELLINGS AFFECTED, MAJOR FLOODS,
GREATER WINNIPEG AREA

Flood
Daniiges$

Flood
Magmtudes

Ay Damage
per Dweliing

Numbet of Dwellings Flooded
Total Number Flooded
Number Over 1st Iloor

(1housinds)

26 above City Ditumi $ 6,581
1950t 39,927
1661 78,557
1852 186,438
1826 309,336

$1 803 3,650 1,640
2,037 19,550 8430
1956 40,170 21,730
2 647 70,440 48,740
4,025 76,550 69,730

*k xcludes apartments

§Includes damages to houses affected by seepage

40

tAssumes flooding 18 general behind the main dyking system
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informed mdividuals, that on the average dwel-
ling, 1loor levels 1n the Greater Winnipeg atea
are about 215 feet above the contour
level shown fot thewr location A study of a
special sample of the houses flooded 1n 1930
confiimed the general validity of this assump-
tion

Total damages to dwellings and their con-
tents for each of the floods consideted and the
number of dwellings flooded are shown 1n
Table 6 4

Thus, 1n a flood ol the 1852 magnitude 1t has
been estimated that about 70,440 dwellings
would be flooded in the Gieater Winnipeg aiea
and of these, some 48,740 would be flooded over
the first floor The total damages to dwellings
and contents would amount to $186 4 million o1
an average of $2,647 per dwelling flooded O1
this total, some $50 3 million, or about 27%
of the total, 1epresents d umages to the personal
property oi the ownei or tenant

It 1s evident from the above table that our
estimate of the flood damages to residential
dwellings and thewr contents that would bc
caused by a flood of the 1950 magnitude aie
substantially higher than the payments actually
made 1w 1950 by the Red River Valley Boaid
and the Manitoba Flood Relief Fund for losses
of this type Our estimates show that as of
1957, a flood of the 1950 magnitude would 1n
undate some 19,550 houses and of this total,
8,430 would be tlooded over the first floor and
an additional 6,600 would be affected by seep
age Total damages to dwellings and thent
contents would amount to $39 8 million These
estimates aie for the damages that would oceur
if the entnie dyking system were overtopped
In contirast, the Red River Valley Board paid
damage claims on only about 8,500 houses 1n
the Gireater Winnipeg area Of these, only about
4 000 were flooded over the main floor No
exact figuie 15 1vailable tor the claim payments
made to home owners or tenants 1n the Gieater
Winnipeg area m 1950 but we have estimated
the amount at close to $10 million, about 75
million by the Red River Valley Board and the
balance by the Manitoba Flood Relief Fund
In addition, very substantial damage payments
wele made by private insurance companics

The diffetcence between these two figures 1s
accounted for by a number of factors fiist, the
118e 1n prices since 1950, some 25 percent fo1
houses and 15 percent for their contents, would
mmcrease the 1950 damage payments by about
$2,250,000, second, a large number of homes
in low-lying arcas weie protected by successful
dyking 1 1950 This was particulaily true of
St DBomface wheie the Lyndale Dyke held
throughout the flood Our estimates for St
Bonmiface show that, with all dykes overtopped,
a 1950 magnitude flood would mmundate some
5,720 dwellings in this area whercas i 1950
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damage payments were made on about 500 A
still further diiference between the 1930 actual
damage payments and our piesent cstimates
15 due to the large number of homes that have
been built smce 1950 1 ateas that would be
flooded 1if the floodwaters reached that level
again and tf the dykes faled to hold

Since our estimates of flood damages to per-
sonal property are based on the 1ecords of the
Manitoba Flood Relief Fund, they necessarily
assume that in future floods and for any given
level of 1looding within a house, the same pro-
portion of personal piopeity would be 1cscued
as was in fact 1escued 1 1950 In that year,
many people were able to save their personal
belongings by moving them upstairs, by placing
them on special supports or by moving them out
1 advance of the flood The flood damage p1re-
vented m this way 1educed the damage to
assessced value ratios recorded 1n our base
sample of propertics tlooded 1n 1950 and thus
teduced our overall estimates of damages to
personal property coricspondingly

Several considerations suggest that our
estimates of flood damages to dwellings and
personal propeirty may be on the conseivative
side Thus, the awards made by the Red Rives
Valley Boaid did not cover damage to concrete
walks, diiveways, fences, shiubs or lawns No
special allowance has been made m our esti-
mates for damage ol this type although a signi-
ticint amount of damages to property of this
type undoubtedly did occur 1n 1950 Again, the
dimage payments made by the Manitoba Flood
Relief Fund, upon which our estimates are
based, mncluded only a 50 pcrcent allowance for
item. classed as non-esscntial, such as books,
tovs, spotting equipment, etc In addition, since
m geneial, pavments were made only where the
damaged uticle was available for mspection, 1t
15 possible that many ilems were lost o1 over-
looked and hence were excluded from the total
damage payment Again, payment for loss of
foodstuffs was himited to $50 00 although in
many nstances the losses may easily have ex-
ceeded this amount On the other hand, replace-
ment values weie 1llowed on all essential 1tems
even though many of these items may have
alieady been used for a number of yeais

On balance, 1t seems hikely that our estimates
of damages to dwellings and personal propetty
er1 on the conservative side

2 Apartments

Damages to apaitments were estimated on a
square footage basis Analysis of our basie
sample of houses flooded 1n 1950 provided an
estimate of the damages mcurred by flood level
per squatce foot of floor area In applying these
data to apaitments 1t was assumed that, on the
average, the main floo1 of the apartment build-
g would be five feet above ground level It
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was further assumed that in an average apart-
ment building two-thizds of the basement floor
area would be given over to apartments and
for this area the main floor damage rates foi
dwellings would apply The rates applied includ-
ed damages to both real and personal propeity
Data on the ground floor area of apartment
buildings were available fi om munieipal assess-
ment offices

3 Business and Institutienal

In estimating flood damages to the property
of business firms of all types and to churches,
hospitals and other institutions, separate esti-
mates were made for real property and for
fixtuies and stocks In both instances, estimates
were prepared by applying an estimate of flood
damages per square foot of property by flood
level to the square footage of each type of pro-
perty recorded in assessment rolls For bwld-
ings, flood damages were estimated by applying
the flood damages rates obtaimned from our
sample of residential dwellings flooded 1n 1950
This basis was suggested by officials who were
mstrumental 1in setting up the damage rates
apphed by the Red River Valley Board in as-
sessing damages 1n 1950 In the view of these
officials, damages to buildings would vary
widely depending upon the type of building and
the amount and location of special installations
such as elevators but they felt that the rates
apphcable to residential dwellings would pro-
vide a fair basis of estimation

This opimmion was checked with officials of
the US Army Corps of Engineers, St Paul
District They expressed the view that cost on
a square foof basis of repaning and rehabilita-
ting residential buildings affected by floods
was usually greater than the similar costs for
mdustrial buildings because of the generally
better construction of the latter and the more
elaborate 1nterior decorations i residential
buildings However, this was offset by the fact
that floods often 1esult in settlement and other
structural damages which are much more seri-
ous and costly to the better industrial and
business buildings Thus, they concluded that
the use of residential damage rates should give
a satisfactory average approximation of the
flood damages suffered by business and indus-
trial buildings

Since analysis of the sample data taken fiom
the records of the Red Raver Valley Boaid
indicated an appreciable difference in the per
square foot damage rates for new and old
houses, 1t was decided to apply a different set
of rates to property according to whether it had
been constructed before or after 1920

To estimate flood damages to fixtures, ma-
chinery and equipment, mmventories and sup-
plhes and other contents of buildings, a ques-
tionnaire was sent to a selected sample of busi-
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ness firms in the Gireater Winnipeg area This
questionnaire asked for an estimate of the flood
damages that would occur at different levels
of flooding in the firm’s premises Some 30 per-
cent of all the firms mnecluded 1n the sample
returned the questionnaire The data from this
survey was tabulated by flood level on a square
footage basis to give estimates of flood dam-
ages by flood level per square foot of floor
area

These damage rates per square foot of floor
area for buildings and their contents were then
applied to estimates of the floor area of bwld-
mmgs flooded that were obtained from city and
municipal assessment offices Further details
as to the methods followed 1n the picparation
of these estimates, together with information
gn t}ﬁe damage rates used, are given in Appen-

X

4 Publie Schools

Real property damages to public schools were
estimated 1n the same manner as real propeirty
damages to business and institutional buildings

Information on the contents of schools was
obtained from records kept for fire mmsurance
purposes and these indicated that the average
value of school fixtures and movable supplies
on the basecment and ground floors of public
schools was only about 10 to 15 percent of
the comparable average value of the contents
of business buildings For this reason, a dam-
age rate of one-eighth of the business fixtures
rate was applhed

5  General Government Buildings

The real property damage 1ates apphied to
government buildings were the same as those
applied to business and institutional property
Further, insofar as fixtures were concerned, 1t
was also assumed that the damage rate applc-
able to business fixtures would be applied
Howevet, since 1t was assumed that inventories
m government buildings would be negligible, no
estimate was made for damages of this cate-
gory 1n government buildings

6 Public Utilities and Railroads

Estimates of the flood damages that would
be meurred by various public utilities and the
two railroads were prepared by these organiza-
tions themselves on the basis of information
about flood levels supplied by the Commaission’s
staff In addition to the two railroads, the
following utilities provided information Great-
er Wimnnipeg Sanitary and Water District,
Manitoba Telephone System, Manitoba Hydro-
electric Board, Manitoba Power Commission,
City of Winnipeg Hydro Electric System, Win-
nipeg and Central Gas Company, Canadian Na-
tional Telegraphs, Canadian Pacific Tele-
graphs, and Winnipeg Central Heating Co
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7 Loss of Income

One of the most serious losses that would
occur 1n the Greater Winnipeg area 1n the event
of a major flood would be the loss of mcome
With business premises flooded and a major
portion of the aiea evacuated, a laige propor-
tion of the people who normally work 1n this
region would be completely prevented from
carrying on their normal activity Of those who
were still able to work at all, many would be
forced to work with inadequate equipment o1
undetr difficult circumstances so that their pro-
ductivity would be far below normal levels

Nor would labor income be the only type of
income to suffer Many types of income fiom
business imvestment originating in the area o1
dependent for sales on the Winnipeg area would
suffer heavily Business and industrial premises
would not be able to produce their normal re-
turn Railioad, power and telephone facilities
1n the area would be 1dle for an extended per-
10d The true measure of the income lost during
the flood period 1s the loss of the net output
that would otherwise have been produced In-
come of all types normally earned in producing
this output provides a measure of its magm-
tude And, even though some employers may
continue to make salary or wage payments to
their 1dle workers, 1t will not eliminate the loss
of output caused by their 1dleness and the idle
facihities with which they are normally cm-
ployed

In estimating the loss of income that would
be caused by floods i1n excess of the 1950 level
mn the Greater Winnipeg arca, the procedure
followed was fiist to estimate the level of 1n-
come currently produced 1n the region and then
to evaluate the propoition of this that would
be lost at different levels of flooding Fou
floods of the 1950 magnitude and smaller,
more ditcet approach to mcome loss was used

In 1957, the gross mmcome produced in the
Greater Winnipeg area amounted to about $60
million per month or about $4,500 per employed
person per year (See Appendix E) As defined
here, gross income 1ncludes all returns to land
and capital as well as labor, as well as some
provision for the depreciation of productive
facihties that would continue during the flood
period Income 1s estimated before deduction of
personal mcome tax and colporate income tax
The estimated loss of mcome 1s restricted to
mcome lost by pezmanent residents of the area
and to the loss of returns to capital facilities
and land located in the area Additional income
earncd by temporary workers attracted to the
area 15 not counted as an offset to the losses suf-
fered by permanent residents Nor has any
allowance been made for the losses imposed on
outside areas as a result of the disruption of
normal activity 1in the Greater Winnipeg area
during the flood period

An estimate of the loss of income that would
occur today in floods of the 1861, 1852 and
1826 magnitudes 1s shown in Table 65 For
each flood, losses have been estimated for three
phases, phase 1, a period of inundation and ini-
t1al reconstruction, phase 2, the major recon-
struction period, and phase 3, a subsequent per-
10d 1n which activity gradually returns to 100
percent of 1ts normal level It 1s clear from
these estimates that income losses would be
very large It 1s important, therefore, to con-
sider carefully the basis on which these esti-
mates were made

In airiving at these cstimates, use was made
of information provided by various utilities as
to the flood stage at which their service would
be mterrupted According to this mformation,
interruptions would hkely occur 1 the follow-
Mg sequence

Table 6 5

ESTIMATED LOSS OF INCOME AS OF 1957, GREATER WINNIPEG AREA
FLOODS OF 1861, 1852 and 1826 MAGNITUDES

Amount of loss

1826

Percent of total income lost 85%,
Duration of loss 214 Months
Amount of loss $127 5 Mallion

$ 96 Million

Flood Magnitude Phage 1 Phase 2 Phase 3 Total
1861
Percent of total income lost 509%, 309, 5%
Duration of loss 114 Months 114 Months 3 Months 6 Months
Amount of loss $ 45 Million $ 27 Million $ 9 Million $ 81 Milhon
1852
Percent of total income lost 80% 339, 109,
Duration of loss 2 Months 2 Months 6 Months 10 Months

$ 40 Maihion $36 Million $172 Milhion

359%, 109,
214 Months 6 Months
$52 5 Malhon $36 Million

11 Months
$216 Million
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Fect above Datum
James Avenuuei_

3

Greater Winnipeg Water Dis-
trict booster station would be-
come 1noperative thus decreas-
mg the water supply to the
City of Winnipeg

Water supply would be drastic-
ally reduced due to mability to
control mains in flnoded areas

All bridges across the Red and
Assiniboine except the Main,
Midtown and St James become
moperative

CPIR Station facilities and
Main Stieet Bridge become 1n-
operative

East, west and south t1aflic on
the CP R ceases Damage to
1lmost all bridges becomes very
sertous Midtown DBridge be-
comes 1noperative

34’ Water supply limited to 1estiic-
ted special secrvice to key

points

In evaluating this information, 1t 18 useful to
recall that the tlood levels 1cached m each of
the thice l1argest floods of 1ecord were as fol-
lows 1861, 323 tcet above datum, 1852, 35 2
feet above city datum and 1826, *7 3 fcet above
city ditum

The general 1easoming on which the meome
loss estimates given 1n Table 65 were based
are sct forth below

(4) Loss of Income as of 1957 mm Gieater
Winnipeg for a Flood of the 1852 Mag
nitude

Phase 1 Period of Inundation and Initial Rc-
construction, 2 Months

With a flood level of 352 feet ibove datum
(basis James Avenue), the Greater Winnipeg
area would be almost completely cvacuated
Some people would still be living 1n St Tames,
Tuxedo, Charleswood, Transcona and other out-
lying areas bul many of these would be unable
to work because their normal place of employ-
ment would be under water Some groups such
as doctors, nuises, railioad workers and taui
diivers might be at leist paitially employed 1n
evacuated aieas but lack of equipment and of-
fice o1 other space would seriously limit the
amount of continued employment that could
take place and would g1 eatly 1educe the produc-
tivitv of those so employed

It can be assumed that evacuation would be-
gin at about the 28 foot level and would be
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vittually complete by the time water had reach-
ed the 32 foot level

An examination of flood hydrographs indi-
cates that about 40 days would elapse between
the time floodwaters exceeded the 1950 level
and the date at wnich the river 1ecturned to
below flood level (18 fcet above datum) Dui-
g this period there would be an almost com-
plete cessation of normal activity within the
city

As the flood waters 1eceded, key 1estoration
personnel would move back into the area and
begin the job of restoring essential scrviecs
such as power and light, cleaning up the debris
and pumping cut the bascments In general, the
task of these picked crews would be to make
the area safe for a moire general return of re-
construction workers This woik would com-
mence as soon as there was any appreaable
teduetion 1n flood levels, perthaps 10 days before
flood stage was passed, and within a month
should have piocceded far enough to allow a
fanrly large return of reconstruction workers

The City of Winnipeg Engineering Depart-
ment has cstimated that water service would
be testored to the area north of the Assini-
bome and west of the Red within two wecks
of the time that water receded below 31 0 feet
and to the entire Winmipeg area withun 30 to
60 days after the river diops below flood
stage The two distributors of power, City
Hydio and the Manitoba Power Commission,
estimate that electric power could be restored
to 50 percent of capacity within one week to
one month after the water 1eceded below flood
stage Thus, for about two months, normal ac-
tivity 1 the area would be virtually at a stand-
still It 1s eetimated that 80 peicent of the n-
come that would noimally be produced in the
Greater Winnmipeg area during these two
months would be lost

Phuse 2 Reconstruction Perrod 2 Months

In the following petiod the aity would gradu-
ally move back towards more normal activity
Most businesses that operate from a second or
higher floor would be able to 1ecommence op-
erations on these levels almost immediately In
addition, many othcr business firms would re-
commence opetations i flooded promises with
mpiovised facilities and would continue to
opetate while reconstiuction proceeded Activ-
1ty would perhaps resume moie slowly 1n manu-
facturing plants wherc plant and equipment
had to be 1cpaiied befoi e production could start
1gamn

Noimal activity would be seriously handi-
capped by the absence of bridges acioss the
Red River and by the temporatry closure of the
Mamm Street, Osboine and Marvland Stieet
bridges across the Assinitboine
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In the mitial stages of this period at least,
only productive workers would return to the
city But given the crowding of facilities that
the wholesale evacuation of Greater Winnipeg
would cause 11 many places, it seems 1easonable
to suppose that before long many famihes
would 1etwin and hive 1in the upstans part of
their home while the flooded poition was being
1epaired Homes that were subject to basement
flooding only would be reoceupied within a few
weeks Nevertheless a substantial pait of the
population of the arca would remain away for
several months During this perlod busimess
fums 1 the retail trade and service industry
would find then sales well below notmal levels
Howoever, this would be paitially compensated
for by the estraocrdinary amount of achivity 1n
repalr shops in the construction trades and n
other 1elated activities such as transpoitation
and sale of constiuction materials

While 1t 1s 1impossible to estimate piecisely
the loss of income that would occur during this
period, 1t 15 estimated heie that one-thind of the
arca’s noimal income would be lost The propor-
tion would be much higher than this in the ear-
her part of this period but would fall below
this level towatrds the end of the perwod

Phase 3 Gradual Return fto 100 percent of
Noimal, 6 Months

The destruction of production faeilities and
the distuption of normal tiransport facilities
1esulting from the damage to roads, stieets
and bridges would keep mcome levels in the
Greater Winnipeg arca helow normal levels for
some period of time Some of the mator bridges
across the Red would take from two to three
years to icconstiuct In the meantime, suffi-
clent temporary wooden trestle bridges would
be built to allow all essential traffic to cross the
rivet These bridges might easily be catiied
away by high water in the {ollowing spring and
have to be replaced Thus, a further disruption
of normal communication facihities across the
Red River might occur 1mn the first and second
vears following the flood, and until all bridges
were completely restored—a period of three
years—there would be a continuing loss to the
community in the form of time lost thiough
tiaffic congestion and the additional nuleage
that would hive to be travelled because of the
unavailability of biidges in many areas

It has been estimated that 1t would take from
four to six months to testore completely all elec-
tiic power facilities It 1s probable that an
equal length of tiume would be required for the
restoration of pioductive facihties in many
private business firms

It 15 of course, not possible to make a precise
cstimate of al' of these losses It has been as-
sumed here that a loss equal to 10 peicent of
the area’s normal mmcome would continue fo
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a period of six months beyond Phase 2, the
major reconstruction period This figure 1s be-
lieved to be conservative The actual loss might
be substantially higher than this

(b) Loss of Income 1n Greater Winnipeg tot
a Flood of the 1826 Magnitude

Phase 1 Perod of Inundation and Initiwel Re-
construction, 21/, Months

Duiing this period the pioblem taced by the
Gireater Winnipeg arca would be the same 1n
kind but moie scverc than those described
above for an 1852 flood Evacuation would be
almost complete and normal activity would be
at a virtual standstill The principal difference
15 that the area of the uty affected would be a
httle laige1, especially on the west side of the
city and the period ol mundation and initial re-
stoiation would be longer As a result, the loss
of mcome would be laiger Our maps indicate
that an additional 5 to 10 petcent of the settled
pottion of the Metropolit in area would be in-
undated Though iecords on the time of the
1826 flood are very sketchy, the daily journal
kept by Fiancas Heron of the Hudson’s Bay
Company shows thit the period of mundation
lasted about 60 days beginnming about May 5th
and ending about July 4th Adding to this a two
to thice week period of imitial 1estoration,
gives an estimate of 21/, months as the period
of very serious loss of mcome

Phasc 2 Rceconstruction Perwod 215 Months

Again, the problems that would be encount-
ered 1n this period are similar in kind to those
ol wn 1852 flood A large numbetr of business
firms would be faced with a restoration prob-
lem and since the depth of flooding would be
about 2 feet gieater, those fiims who would
also bc affected by an 1852 tlood would face
a more serious and prolonged reconstruction
pioblem No preuse estimate of the magnitude
of this difference can be made But it seems
sale to assume that the reconstruction period
would be at least two weeks longer and that
the average loss of income during this period
would be shghily higher Accordingly, 1t has
been estimated that the reconstruction period
would last 21/, months and that the imcome loss
duting this period would amount to 35 percent

Phase 3 Gradual Rectwrnm lo 100 percent of
Normal, 6 Months

No diiference 1s anticipated here between the
1826 and 1852 situation The damage to bridges
20108 the Red and Assiniboine would be almost
cqually serious m erthet flood and the period
requued to restoic them equally long Similarly
the length of time requited to restore electric
powel and water to the area would be about the
same for both floods



STAGE-DAMAGE RELATIONS GREATER WINNIPEG

(¢) Loss of Income Greater Winnipeg Atea,
Flood of the 1861 Magmitude

Phase 1 Pervod of Inundation and Intal Ee-
construction, 115 Months

In a flood of the 1861 magnmtude with water
reaching a level 323 feet above datum, the
period of mundation would be considerably
shorter than for the two larger floods but there
would still be a very major interruption of busi-
ness activity and an almost complete evacua-
tion of a large area of the city A survey of
hydrograph data indicates that flood waters
would remain above a flow of 80,000 ¢fs 1n
Greater Winnipeg for about 30 days and that
an additional 5 to 10 days would elapse before
the river receded from 80,000 to 60,000 c¢fs
As the flood water recedes, the dykes will pre-
vent the water from returning to the river un-
t1l openmings aie made through the dykes At
the peak of the flood all bridges across the Red
and Assiniboine Rivers, with the exception of
the St James bridge, would be inoperative In
addition, the sewer distribution system would
become 1noperative, and water supply would
be cut off to a large part of the city

It has been estimated that this period of in-
undation and imitial reconstruction would last
115 months and that during this period 50 pe:-
cent of normal mcome 1n the area would be
lost

Phase 2 Reconstruction Period, 11, Months

Since the total area of Greater Winmpeg
flooded by and 1861 flood 1s somewhat smaller
than 1 the case of an 1852 flood, 1t 15 1eason-
able to expect that the reconstruction petiod
would be shorter and the loss of mcome during
this period less severe However, in view of the
extensive amount of business pioperty that
would be flooded and the major disruption that
would be caused to bridges and othe: tr insport
facilities, the loss would be severe Our esti-
mates mndicate that in an 1861 flood about 40

percent of all residential dwellings, about one-
half of all commerecial, gover nment and nstitu-
tional establishments and about 18 percent
of all industrial establishments 1n the Winnipeg
area would be flooded In addition, many of
the remaining business fims would be affected
by seepage Accordingly, 1t was estimated that
the major reconstruction period would last 114
months and that, during it, 80 percent of the
area’s normal income would be lost

Phase 3 Gradual Return to 100 percent of
Normal

It was assumed that because the overall dis-
location caused 1n the Greater Winnipeg area
was less severe than for the two larger floods,
the loss during this period would be smaller and
would amount to the equivalent of 5 percent of
the area’s total income over a period of three
months

All of the above estimates of mcome loss are
necessarily approximate and because of this, an
attempt was made to be as conservative as was
congsistent with a iealistic appraisal of the situ-
tion These estimates were reached only after a
careful discussion with numerous people and,
in the judgment of this Commuigsion, they give
as accurate an evaluation of the income as can
be made The data given 1n Table 6 6 provides
some additional evidence that can be used in
evaluating these results

(d) Loss of Income, Gieater Winnipeg Area
for Floods of the 1950 Magnitude and
Smallex

In estimating the loss of ineome that would
occur 1 the event of another flood of the 1950
magmtude, an attempt was first made to evaly-
ate the loss of income that actually oceurred 1n
1950 During the 1950 flood there was no wide-
spread or complete shut-down of business activ-
ity Some businesses 1n the flooded areas suf-
fered severe losses of imcome 'Others, even

Table 6 6

VALUE OF FQUALIZED BUILDING ASSESSMENT IN FLOOD AREAS
FLOODS OF 1861 and 1852 MAGNITUDE

1361 Flood 1852 Flood

Tqualized Equalized

Building 95 of* Building 9% of*

\ssessment Total Assessment Total

(000) (000)

Residential 8157 348 221 4229,276 759
Commerecial 30,613 477 55,824 871
Industrial 11 04% 184 43,369 723
Institutional and Goveinment 36 060 44 5 62 905 776

$235,069 46 4 $391,374 77 2

*Percent of total Greater Winmpeg excluding North Kildonan
Old Kildonan [ranscona, Tuxedo, Charleswood and Assimiboia
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though not flooded, suffered serious losses be-
cause of the disruption occasioned by the flood
and because of the absence from the city of
about 100,000 people for a period of several
weeks Some of the most serious losses were 1n-
curred by firms 1n the service field such as the
Medical Clinics and by some branches of retail
trade All theatres, for example, were closed
down for a week On the other hand, many
firms suffered little or no loss of income at all
In a questionnaire sent to a selected sample of
business firms, firms such as banks, trust and
msurance compantes and mnvestment dealers re-
ported that they suffered no loss of income at
all The same was true of many manufacturers
For still others firms, the incireased income
earned during the reconstruction period moie
than compensated for any losses suffered du-
g the flood This was notably tirue of construc-
tion companies, building material suppliers and
stores engaged m selling furniture and home
furnishings

An examination of general statistical indi-
cators showed evidence of loss of income 1n a
hmited number of fields only When employ-
ment and retail sales indices for the Greater
Winnipeg arca were compared with similar in-
dices for other Western cities, no clear evidence
could be found of a loss to Winnipeg 1n 1950
On the other hand, incomes of professional
people, and of people working on commission,
as reported 1n Taxatron Statistics, showed defl-
nite evidence of losses 1n 1950

In the hght of this statistical evidence and
the information obtained from our survey of a
sample of business firms, it was decided to esti-
mate the loss of income caused by the 1950
flood 1n the Greater Winnipeg area on the fol-
lowing basis that employees suffered no net
loss of 1mncome, that all firms engaged 1n retail
commodity trade, taken as a whole, suffeied
no net loss of imeome, the losses 1n some trades
being offset by exceptional gains made in
others, that the principal losses were incurred
by professional people, by small business work-
ing 1n the service field, and by salesmen work-
ing on commission, that the loss of the use of
flooded homes was a loss of income equal to
the rental value of the property affected for the
period during which its use was denied to 1its
owner or tenant, that the loss of income re-
ported by utilities be included

In order to arrive at an estimate of the loss
that would have been mcurred 1n 1950 1f flood-
ing had become general behind the main dyking
system, 1t was necessary to add to our estimate
of the loss actually mcurred, an allowance for
the heavy loss that would have been suffered
i St Bomiface and other areas that were pro-
tected by hazardous, emergency dykes in 1950

The loss of utility income was reported to us
by the utilities concerned Loss of rental valuc
was estimated on the basis that the rental value
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of a furmshed house for one month was equal to
1 percent of the house’s market value or to 25
petcent of the equalized building assessment

Loss of Income, Greater Winnipeg, Flood of
1950 Magnitude with Flooding behind
Mamm Dyking System

Loss of Utility Income $ 460,000
Loss of the Rental Value of
Flooded Homes 3,481,000
Other Loss of Income —
Business, Professional, ete 10,000,000
$13 941,000

It was assumed that the length of time the
use of a house would be lost would vary with
the level of flooding Loss of business and other
income was based on a tabulation of question-
naire data together with an estimate of the
loss that would have been suffered 1f all of St
Boniface had been flooded

For floods of the 1948 magnitude, and floods
at a level of 26 feet above city datum, 1t was
assumed that loss of imncome would be restricted
to the loss of the rental value of flooded homes
and an associated loss of utility income For a
flood of the 1950 magnitude, under the assump-
tton that all flooding behind the mamn dyking
system 18 prevented, 1 was assumed that in
addition to the loss of rental value of homes and
the loss of utility income, there would be a sub-
stantial loss of business income 1n the service
fleld due to the major evacuation of the city
that would take place Even though emergency
flood fighting proved successful, 1t would still
be neces=ary to ash many people to leave the
city because of the severe 1ishs mnvolved 1n such
high flood levels

8 Extra Costs Occasioned by the Flood

Estimates were made for four different types
of extra cost that would 1esult from a major
flood (a) evacuation costs for people forced to
leave the city, (b) extra food costs incurred by
people forced to leave their homes because of
the flood, (¢) extra labor costs i flooded
homes, and (d) extra transportation costs oc-
casioned by the disruption of normal traffic
routes The bases of these estimates are des-
cribed below

(a) Evacuation Costs

Costs of evacuation were estimated on the
basis of information obtained from an analysis
of a sample of the 1ecords of the Manitoba
Flood Relief Fund These records provided in-
formation on the average distance travelled and
the mode of transport used by people who left
the city mn 1950 It was assumed that a similar
pattern of evacuation would be followed 1n the
event of future floods of the 1950 magnitude
or larger This assumption was modified to the
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extent that in the laiger floods 1t would be
reasonable Lo expect that people would have to
travel further to secure accommodation In
addition, 1t was assumed that in a flood of the
1852 magnitude or laiger, all motor vehicles
would be taken out of the uty An estimate of
total evacuation costs, costs per person and the
tolal number of people evacuating 18 given 1n
Table 6 7

Table 6 7

ESTIMATED EVACUATION COSTS,
GREATER WINNIPEG MAJOR FLOODS

Total Cost Per Number
Cost Peirson Evacuating

1950, all dykes (Ihousands)

hold $1,237  §$1767 70,000
1950, all dykes

overtopped 1,767 1767 100,000
1861 3,990 1900 210,000
1852 7,420 2120 350,000
1826 8,056 2120 380,000

(b) Extia Food Costs

Pcople who aie forced to leave their homes
during a flood can be expected to incur extra
costs for food either because they are forced
to eat 1n restaurants or other public eating
places or because they must buy their food in
out-of-the-way plices o1 1m smaller than usual
quantities Statistical data indicate that on the
average, Canadians spend about $22 50 per pei-
son per month on food It was assumed that all
people who wetre forced to leave their homes
during a flood woald 1ncur an extra cost for
food equal to one-thiid of thenn noimal expen-
diture, that 1s $7 50 per month

(¢) Extra Labor Costs

All houses that are flooded will incur extia
costs 1 the form of the labor required to clean
up the house and grounds after the flood In
addition, many will incur a cost in the form of
the labor requited 1o move thenr furniture and
pet sonal belongings to higher flood levels or to
some area beyond the 1each of the flood Since
1t was not possible to assess these costs exactly,
1t was decided to include 1 our flood loss esti-
mates only a 1elativcly nominal amount for this
type of loss Accordingly, it was agsumed that
the extra labor cost would amount to $10 per
dwelhng for houses affected by secpage, $20
pet dwelling for houses that suffer basement
flooding, and $10 per dwelling for houses
flooded over the main floor

(d) Extra Car Mileage

Because many of the biidges over the Red
and Assmiboine Rivers are closed to traffic
during major floods, motorists are forced to
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usce more distant bridges and incur an extra cost
11 the foim of the additional car mileage travel-
led The total extra milcage that would be
occasioned in each flood was based on traffic
count information lor sub-ways and bridges 1n
the Greater Winniveg atea and an estimate of
the length of time that would be required to
iepait ot iebuild the buidges The additional
milcage fravelled was valued at 8 cents per
vehicle mile

9 Streets, Roads, Sewers, Waterworks

and Bridges

Flood damages to this class of propeity were
estimated on the basis of imformation supplied
by the enginceiing dopaitments of municipal-
1tics 1n the Gireater Winnipeg area, and related
data

(a) Sewers and Water works

It was estimated that the cost of sterilizing
and repatring the water mans system would
amount to %600 per square mile or about $§ 94
per acte In the hight of the City of Winnipeg's
1950 flood expetrience, damages to sewer sys-
tems weie estimated on the {ollowing basis

Systems 40 to 70
Years Old

Syslems Less Than
40 Years Old

]950~Flood $300 par Acte $1 50 per Acre
1852 Flood 600 per Ace 3 00 per Acre

Since the pressure creited by sewer back-up
would affect all paits of the sewer system, the
above damage 1 ites were applied to the entire
area gerved by the system

(b) Publec Sidewalks

Bceause very few actual sidewalk repair
costg 1esulting fiom the 1950 flood are avail-
able, 1t was dilficult to obtain a unit cost for
the estimation of damages The Municipality of
St Vital was almost completely flooded after
the {lood They ale now finding 1t necessary to
repann or ienew many of then sidewilks and it
1% beheved that a good percentage of this work
1, directly attributable to the elfects of the
1950 flood

It was finally decided to estimate flood dam-
ages Lo sidewalks at $500 per mile of sidewalk
flooded This 1epresents about 6 percent of the
cost of renewal

(¢) Stieets and Lancs

In 1950 the City of Winnmipeg spent an aver-
ape of $6,570 per mile for cleaning up and
repuring strects that had been under water
In floods of a laiger magnitude than the 1950
flood 1t 1s believed that damages would be
greater than this beeause the petiod of inunda-
tion would be longer, moie it would be de-
posited, some strects would be undermined and
the damage resulting fiom the swelling action
of the clay would be much greater For these
reagons, flood damages to concrete paved
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streets have been estimated at a r1ate of $10,000
per mile for tloods of the 1861, 1852 and 1826
magnitudes This would be the approximte
cost of placing a 215 inch layer of asphalt over
50 percent of the street mileage flooded It can
be expected that flood damages to asphalt
stieets would be much more extensive than to
conct ete sticets, patticularly 1f loads aic allow-
ed on them too soon aiter the water recedes It
w1s assumed, therefoie, that 75 peicent of the
asphalt streets would require resurfacing and
damages were estimated at $15,000 per mile
Sinee the basie unit cost used mn estimating
damages to concrete stireets also included some
allowance for the cost of repairing lanes, no
separate estimate was made for damages to
paved lanes

After the 1950 flood the Municipality of 5t
Vital tound 1t necessary to place three inches
of giavel on all gravel stieets This was {aken
as representative of the damages a flood would
cause to gravel stieets and damages weie esti-
mated on the basis of $2,500 per mile of gravel
stieet, assuming a cost for giavel in place of
$2 50 per cubie yard The restoration of gravel-
led lanes was estimated to cost $2,000 per mile

(d) Bridges

The dimages that would be caused to biidges
over the Red and Assiniboine Riveis by majoi
floods on the Red River wete carefully assessed
by the City of Winnipeg’s Engincer ing Depait-
ment In then view, a flood as large as that
which occurred 1n 1852 would cause scrious
damage to the approaches of all but a few
biidges and 1 many instances would dislodge
bridge spans and maul o1 partially destioy the
prers Ior all the bridges on the Red River and
for the M un Stieet and Osborne Street bridges
on the Assimiboime River, it was estimated that
from one to three years would be necessary for
the completion of the i1epairs and rebuilding
required During this period, temporary wood-
en bridges would have to be built to carty es-
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sential traffic These might be carried out by
high water 1n the following yeair and require
replacement Oui estimate of bridge damage
immcludes an allowance for the cost ol these tem-
poratry bridges

10 Flood Fighting Costs

In the 1950 flood, rather laige expendituies
weie mide in lighting the flood [lowever, since
that time, a major dyking system has been
built in the Gieater Winnipeg aica and many
permanent flood pumping stations have been
constructed As a result, the situation that
would face flood-fighting authorities in the
event of a futuie flood would differ funda-
mentally fiom the situation that existed 1n
1950 Accordingly, flood-fighting costs were
estimated on the basis of what 1t would cost
to raise the existing dyking system to the 1950
level This estimate was used as a measuie of
the flood-tighting cost that would be 1ncumied
i the cvent of a flood of the 1950 magnitude
or lirger For smallor floods 1t was assumed
that the cost incuired would be pioportionally
smallex

In 1950 many individual fiims and house-
holders 1incuried substantial flood-fighting
costs m building dykes and pumping water out
of their basements In substantial pait, these
costs weire made necessary because of the ab-
sence of a co-ordinated overall system of dykes
and f{lood pumping stations Since such a sys-
tem 15 now in existence, many of these costs
would not be incurred 1n future floods Thete
would still be some flood-fighting costs in-
cutred, particularly on the pait ol individuals
o1 husimess fitms outside of the primuy hine
of defence However, since 1t was difficult to
tind any accuiate basis for assessing the extent
of these costs, 1t was decided to omit them en-
tirely To this extent omr damage estimates are
understated and our conclusions lean to the
conservative side



CHAPTER 7

FLOOD DAMAGES IN THE RED RIVER VALLEY
EMERSON TO ST NORBERT

Estimates of flood losses wele prepared for
the Red River Valley south of the dyke and
control structure at the floodway inlet fou
floods of the magnitudes and frequeney shown
mn Table 71

15 due mainly to the decline in yield which oc-
curs when the date of seeding 15 delayed When
this delay 18 too long 1t may not be profitable
to seed at all and the loss of crop income for
that year will be complete Further, the farmer

Table 71

FLOOD FREQUENCIES AND ACREAGES FLOODED
MAJOR FLOODS RED RIVER VALLEY

Acre e Frequency of Occurrence Flow at

Flooded Years Percent Emerson
1948 Flood 67 400 Once1n 11 Yeats 910 52,000cfs
1950 Flood 316,500 Once 1n 46 Years 220 94,000cf s
1852 Flood 523,000 Once 1n 150 Years 67 137,000c {8
1826 Flood 616,000 Onee 11 460 Years 22 182,000cfs

SourcL  Acreage data based on map of flooded area (sce Plate 9)

krequency of oceurrence

tor the 1948 and 1920 floods and discharges for the 1852 and 1826 floods taken fiom Plate 10

These damage estimates include flood dam-
ages and losses 1n both 1ural and wmiban areas in
the Valley and were prepared under the fol-
lowing headings

1 Loss of Income
2 Extra Costs Occasioned by the Flood

3 Damages to Personal, Farm and Business
Property

4 Losses to Utilities and Railroads
5 Damages to Government Property

Separate estimates were made for each of
the following three reaches in the Villey area

Reach 1 Municipalities of Montealm Rhineland and
Fianklin aud the Town of Emerson

Reach 2 Municipahities of Moi11s and DeSalaberiry
and the Town of Mor11g

Reach 3 Municipahties of Ritchot and Macdonald and

that part of Foit Gairy and St Vital south
ot the floodway dyke and inlet control struc
ture

Detailed estimates of damages for the valley
area as a whole are given 1n Table 72 Data
on each major type of damage o1 loss for each
of the three reaches appear 1 Table 74 Plate 9
shows the probable extent of the flooded area
in each of the four major floods

Discharge-damage relations for each of the
three reaches and for the Red River Valley as
a whole are shown mm Plate 11 The methods
used 1n preparing these damage estimates are
discussed below

1 Loss of Income

(a) Farm Income TField Ciops

With spring flooding such as occurs on the
Red Raiver, the income loss suffered by farmers
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will mecur some additional expenge in summer-
fallowing his land for the balance of the season
If seeding or some seed-bed preparation has
already taken place at the time flooding occurs,
the farmer may suffer an additional loss since
some or all of this expense may have to be
duplicated

Estimates were prepared of the logs of field
crop 1ncome that could be expected to oceur mn
the Red River Valley as a result of the recur-
rence of floods of the 1948, 1950, 1852 and
1826 magmtudes The methods used in esti-
mating these losses are similar to those used
by the US Army Corps of Engineers and are
described below

It was assumed that the pattern of cropping
in the flooded areas would be the same as that
1eported 1n the 1951 census for the Munieipali-
ties 1mn which the flooded areas are located
Normal yields for each crop were estimated
from data for a number of Canadian Wheat
Board delivery points 1in the flooded area

For each crop, the loss of income per acre
was calculated as the difference between the
yield that would have occurred in the absence of
any flooding and the yield that could be ex-
pected with flooding multiplied by the price per
bushel of the particular crop Some allowance
was also made for a decline 1n the qualhty of
the crop At a maximum, the loss would not
exceed the normal net operating income per
acre from the crop plus half the cost of sum-
mer-fallowing (1t was assumed that the remain-
ing one-half the cost of summerfallowing
would be offset by a higher yield 1n the follow-
mg year), for i that eircumstance, 1t would
not be economical to seed the land at all Net
operating income 1s defined here as gross m-
come less direct operating expenses
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Yields for both flooded and flood-free land
were based on 1elationships between the date of
seeding and crop yields Experimental data
showing the effect ot delays in the date ot seed-
ing on crop yields were examined and average
relationships for these iwo variables were de-
veloped for wheat, oats, batley and flax (Sec
Plates 12 teo 16) Since batley 1equites 1 shorter
growing scason than wheat o1 oats, 1t was as-
sumed that land normally seeded to wheit o1
oats would be shifted to batley when the delay
in the date of secding maide 1t profitable to do
so Flax 1s also a good ciop for late seeding but
since it 1s not sceded extensively 1n piactice, 1t
was not assumed that thcie would be any gen-
eral shiit into flax The sceding pattern follow-
ed 1n the Red River Valley 1n 1950 after the
flood would tend to suppoit this assumption

To estimate the yield that would have oc-
curred 1n the absence of flooding, use was made
of 1 1elationship between the peak dischaige on
the Red River and the date when wheat seeding
became general in the province («ce Plate 16)
This relationship 1s based on the assumption
that the climatic conditions, such as heavy
snowfall, late break-up and heavy ramn duling
the runoff petiod, which tend to produce serious
flooding, also tend to delay the date of seeding
on land that 1s not subject to flooding Use of
this 1elationship mdicated that seeding would
not occur on flood-fiee land until late May mn
years that produced floods of the 1950, 1852
and 1826 magnitudes

In the year of a major flood, seeding can only
occur 1n the tlooded area after the flood waters
recede and the land becomes diy cnough to
woik Land on the edge of the flooded area will
begmn to dry out as soon as the flood peak 1s
passed At the other extieme, Iand in the
fowest areas will not begin to dry until the
river returns to ite banks On the aveiage, it
can be assumed that the flooded land will begin
to dry out at 1 date midway between these two
extremes

For the Red Ruiver, thete 1s evidence that the
date of the flood peak 1s related to the volume
of the peak discharge In geneial, the laiger
the peak flow, the later the date of the peak
Plate 17 shows the general relation that exists
between these two vanables In estimating the
effects of floods of various sizes, the trend line
1ather than the actual date ot the flood peak
was used Thus, for a flood of the 1950 magm-
tude, the date of the peak was taken as May
12 even though 1n that yeai the peak was not
reached until May 19 This line of average rela-
tion mves, for any size of flood, the date a
flood peak could be expected on the average
and henece may differ from the date of the
peak 1mn any paiticular flood

The length of time 1equired for flood wateis
to recede to a bank-full stage also varies direct-~
ly with the size of the flood Estimates of the
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length of this petiod for each of the major
floods of record weie based on an examination of
hydiogt iphs or other historical 1ecords of these
tloods After the water 1ecedes from the land,
at least two weeks are 1equired for the land to
diy out and a further peisod of peihaps two
weeks will elapse before the land has been cul-
tivated, harrowed and seeded It was assumed
that on the average, seeding would have taken
plice about four weeks after the flood waters
receded

Following the-e procedures, the loss of crop
mcome 1n the Red River Valley for floods of the
1948, 1950, 1852 and 1826 magnitude was esti-
mated to be as follows

Total Loss of Ciop Income T oss per Seeded Acre

1948 $ 275,000 $ 595
1950 1,852,000 867
1852 3,527 000 9 93
1826 4,191,000 10 06

A detalled siitement of the basis on which
these estimates were 1cached 1s given 1 Ap-
pendix E

(b) Farm Income ILavestock

The principal income loss suffered here would
be due to the decline 1 the milk yield of dany
cows and a loss of weight for beef cattle and
hogs

Farm mcome data indicate that the iverage
value of dairy products per cow in Manitoba
13 about $9 00 per month Because of the pre-
vilence of dairy fuwming i this area 1t was
estimated that losses per cow would be above
the provinaal aveiage Accordingly, a figure
of $15 00 per cow per month was used It was
assumed that (on the averige) loss of output
for all cows 1n the flooded arev would amount
to a complete loss for one month 1n a flood of
the 1948 magnitude, two months for a flood
of the 1950 magmtude two and 3 half months
for 1 flood of the 1852 magnitude and three
months for1 a flood of the 1826 magmnitude
This mikes allowance for the fact that in the
largei floods, the cattle would have to be moved
further, the flood petiod would be longer, and
as a consequence, a litger propottion of the
cows would dry up completely

Fo1r beef cattle, 11 wis decaded on the basis of
consultition with expeits in this [1cld, to as-
sume a weight loss for all cattle in the flooded
wrea, of 50 lbs per animal plus 13/, pounds for
each day of the flood period It was estimated
that the length of the flood petiod would be
15 dys for a 1948 flood, 30 days for a 1950
flood, 40 days for an 1852 flood, and 50 days
for an 1826 flood The loss of weight represents
both the actual reduction 1n weight and the
failure to gain weight at a normal rate

For hogs 1t was assumed that each hog would
suffer a loss of actual and potential weight at
the rate of 1 5 pounds per day, the natural rate
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FLOOD DAMAGES IN THE RED RIVER VALLEY

of weight gain Experience at the University
of Manitoba in the 1950 flood indicated that
hogs which were moved and housed in tem-
pora.y quarters failed to gain any weight dur-
mg the flood period The loss of weight was
valued at 14 cents a pound for beef cattle and
17 cents a pound for hogs

(¢) Non-Farm Income

The loss of income to non-farm workers 1n
the flooded area of the Red River Valley was
estimated by first estimating the number of
non-farm workers 1 each reach and then ap-
plying to these data an estimate of the loss of
mmcome that would be suffered by each worker

Census data indicated that in Census Divi-
sion No 2 1n Mamtoba, which 1s a rural division
m the southern half of the Red River Valley,
there were, 1 1951, about twelve non-farm
workers for every one hundred people Apply-
g this ratio to an estimate of the total popula-
tion affected by each of the selected floods,
gave an estimate of the total non-farm labor
force affected

Loss of income was based on an estimated
annual mcome per worker of $3,480 This total,
which 18 75 percent of the equivalent income 1n
Greater Winnipeg, covers return to capital
equipment used by the worker, business profits
and salaried mcome as well as wages It 1s
mtended to cover all forms of non-farm income
earned 1n the area The census of manufacturing
mdicates that income per employee 1 the Red
River Valley area 1s about 73 percent of income
per employee 1n Metropolitan Winnipeg

It was assumed that losses would amount to
one month’s mcome for a 1948 flood, two
months’ income for a 1950 flood and three
months’ income for an 1852 and 1826 flood

(d) Rental Value of Homes

An estimate of the total assessed value of
residential property flooded 1in 1950 was ob-
tamed by applying damages to assessed value
ratios by flood level to the tecord of damages
mcurred 1n 1950 It was assumed that the rental
value of a house per month was equal to 25
percent of 1ts equalized assessed value, which 18
the equivalent of 1 percent of its market value
The loss of the use of housing 1n the area was
then estimated on the basis of a loss of one
month’s use for houses flooded below the floor
level, two and a half months for flooding of
one foot over the floor level, three months for
houses flooded to a depth of two feet and so on

Losses in the other floods were estimated by
adjusting the 1950 data for the difference in
depth of flooding and n the case of the larger
floods by meluding an estimate for the addi-
tional number of houses mvolved

2 Extra Costs
(a) Evacuation Costs
Analysis of a sample of the evacuation costs

reported for 1950 by people 1n rural areas
showed an average expenditure mm terms of
today’s piices of $2 65 per person for moving
out of the flooded area It was assumed that
these costs would be slhightly higher for floods
of the 1852 and 1826 magmtude Accordingly
evacuation costs for the total population af-
fected by flooding were calculated on the basis
of the following schedule of costs per person

Flood Magnitude Cost per Person

1948 $265
1950 265
1852 320
1826 875

(b) Extra Food Costs

People forced to evacuate by the flood would
mcur extra food costs because of the necessity
of eating in restaurants, buying more highly
prepared foods or buying foods away from their
usual source of supplies This extra cost was
estimated at $7 50 per person per month which
18 one-third of the average food expenditure
per person per month in Canada It was assumed
that these extra costs would last for one month
1 a 1948 flood, two months in a 1950 flood, two
and a half months 1n an 1852 flood and three
months 1 an 1826 flood

(¢) Extra Work

The extra costs incurred 1n the form of mov-
ing furmture to protect 1t from flooding and
cleaning up after the flood weie estimated at
somewhat nominal amounts

(d) Extra Feed for Lavestock

In 1950 the cost of providing extra feed for
livestock evacuated because of the flood amount-
ed to $6 00 per head of lhivestock affected On
the basis of an average mundation period of
24 days, this 18 the equivalent of 25 cents per
head of livestock per day Using this rate, 25
cents per animal per day, the following schedule
of costs was established

Average Cost per

Flood Inundation Animal

Magmtude Period Affected
1948 15 days $3 75
1950 24 days 6 00
1852 27 days 675
1826 84 days 850

(e) Moving Lavestock

On the basis of data supplied by Winnipeg
hvestock dealers, the cost of moving hvestock
was estimated at the rate of 40 cents per mile
per truck load It was estimated that a truck
would carry 20 horses or cattle and 60 sheep or
hogs Using these data, costs were estimated
on the basis of the following schedule




FLOOD DAMAGES IN THE RED RIVER VALLEY

Average
Flood Distance  Cost per No of
Magnitude Travelled Trip Trips
1948 20 miles $ 800 103
1950 30 miles 12 00 536
1852 40 mles 16 00 209
1826 46 miles 18 40 1,079

3 Damages to Property
(a) Farm Buildings and Non-Farm Residen-
tial Property

A careful analysis was made of the flood
damages awarded on farm buldings and on
non-farm residential property m 1950 These
data were analyzed by flood level and a schedule
of the average damages by flood level was
prepared for each type of propeity

Damages that would be incurred at other
flood levels weie then prepared by increasing
(or decreasing 1n the case of the 1948 flood
magnitude) the depth of flooding on the pro-
perties atfeclted in 1950 and recording the
damages at this new flood level In addition, an
estimate was prepaied of the additional proper-
ties that would be affected in the larger floods
and the average depth to which these proper-
ties would be flooded On this basis, total dam-
ages to this type of property were estimated
for each of the four flood magmtudes con-
sidered These totals were then increased by
25 percent to biing them to a 1957 price basis

(b) Personal Property, Farm and Non-Farm

An analysis of the awards made in the Red
River Valley for damages to personal property
mndicated that in 1950, damages to personal
property amounted 1o just under 30 percent
of the damages to faim buwldings and uwiban
dwellings It was assumed that the same ratio
would apply 1n each of the thiee other floods
The totals obtammed on this basis were then 1n-
creased by 15 percent to put them on a 1957
price basis

(¢) Gramn, Livestock and Machinery

Damages suffered by farmers on grain, hve-
stock, poultry and bees, farm supphles, grass
and gardens and faim equipment 1n 1950 were
covered by the Mamtoba IFlood Relief Fund An
analysis of these data showed the following
sehedule of damages

Depth of Flooding Over Damages per
Main Floor of Farmhouse Cultivated Acte

214 ft or less $2 63
215 £t to 414 ft 340
Over 414 ft 351

Thig schedule of damages, together with in-
formation on rates of damages n 1ndividual
municipahties was used in esftimating losses
mcurred at the 1948, 1852 and 1826 flood levels
The resulting totals were adjusted to a 1957
price basis with a weighted price index of
grain, livestock, farm equipment and machinery

b4

(d) Business Real Property

An estimate of the damages suffered by
business property in 1950 was obtained from
the assessment records of the Red River Valley
Board These damages amounted to about 13
percent of the total damages suffered by non-
farm residential property m 1950 It was as-
sumed that the same ratio would apply for each
of the other floods Accordingly, damages to
business real pioperty in all floods were esti-
mated as 13 percent of damages to non-farm
dwellings

(e) Business Stocks and Fixtures

An estimate of the damages suffered by
business stock and fixtures in 1950 was ob-
tained from the 1ecords of the Manmtoba Flood
Relief Fund Where the damages awarded were
cleaily less than the assessed value of the
damage, the latter figure was used, since the
Flood Relief Fund did not attempt to compen-
sate complelely for this type of damage The
resulting total for 1950 amounted to 167 per-
cent of the damages to business real property
It wis assumed that this same 1atio would hold
in all floods and damages to business stock and
fixtures were estimated accordingly

(f) Schools and Churches

An estimate of the damages suffered 1n 1950
by public schools wag obtained from the records
of the Department of Education For private
schools, churches, convents and meeting halls,
an estimate of 1950 damages was obtained from
the records of the Manitoba Flood Relief Fund
Total damages 1n 1950 to this type of property
amounted to about 8 percent of the damages to
farm buildings and urban dwellings It was
assumed this same ratio would hold for all flood
levels and damages were estimated accordingly

4 Utihties and Railroads

Estimates of the property damages and flood-
fighting costs mcurred by the two railroads,
the Manitoba Power Commission and the Mani-
toba Telephone System were prepared by the
firms concerned on the basis of information
about flood levels and areas affected supplied
by the Commission

5 Government Property

(a) Roads and Bridges

Estimates of the damages that would be
caused to roads and bridges were prepared by
the Department of Public Works These esti-
mates were based on records of the damages
caused by the 1950 flood

(b) Flood-Fighting Costs

Expenditures for flood fighting by both pro-
vincial and municipal governments m 1950
amounted to 33 cents per acre flooded in the
Red River Valley This amount was imcreased
Lo 41 cents to allow for the rise in prices since
1950 and applied to the acreage flooded for the .
1948, 1852 and 1826 flood magnitudes
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FLOOD DAMAGES IN THE RED RIVER VALLEY

Table 7 2
FLOOD DAMAGES AND LOSSES RED RIVER VALLEY

EMERSON TO PROPOSED GREATER WINNIPEG FLOODWAY (ST NORBERT)

v ~
Flood Frequency (Aversge) v !
Once m Every 11 years 46 years 150 years 460 years
Flood Magnitude in e f & [l a LA o R %
(Emerson) 52 000 94,000 137,000 182 000
(1948) (1950) (1852) (1826)
Loss or IncowL
seov | Farm Crops $ 275,000 $ 1,852 000 $ 3,525,000 $ 4,191,000
20 | Lavestock 24,000 233,000 493 000 699,000
| ’ Non-Farm « 7 217,000 724,000 1,472,000 1,622,000
{ Rental Value of Homes 41 000 232,000 404 000 493,000
1
’ Sub-Total § 557,000 $ 3,041,000 $ 594,000 $ 7,005 000
I ExTtrA CosTs
Evacuation Costs—Peovle $ 10,000 $ 27,000 $ 44000 ¢ 56,000
Extra Living Costs 28 000 151,000 256,000 339 000
‘l’ Extra Work—Clean-up v 34,000 156,000 236 000 277,000
({ 20 Extra Feed for Livestock 11 000 95,000 184,000 274,000
2o Cost of Moving Livestock 2,000 6 000 14,000 19,000
Sub-Total $ 85000 $ 435,000 $ 734,000 $ 965,000
Damvaces To PROPTRTY
20 Farm Buildings $ 219,000 $ 1,184 000 $ 2355000 $ 3,090,000
\~Non-Farm Residential */ 486,000 2,022,000 / 3,177,000 3,805,000
24| Personal Property—Farm and Non-Farer /. 188,000 852 000 J 1,471,000 1,833,000
Grain, Tavestock and Machinery 127,000 581 000 934,000 1,213,000
Business, Stocks and Fixtures v 91,000 452,000 710 000 850,000
Business Real Property ‘// 54,000 270,000 ' 424,000 508,000
Schools and Churches v 56,000 261 000 443,000 552,000
Sub-Total $1 221 000 $ 5,622 000 b 9 514,000 811 851 000
v
AR UriLiTiFrs AND RATLROADS
SJ\* {3:’ Manitoba Telephone System % 31,000 3 51,000 $ 216,000 $ 272000
! Manitobs Power Commission 62,000 89,000 114,000
Y CPR 6,000 100 000 625 000 640,000
CNR 4,000 634 000 1,281 000 1,603,000
Sub-Total $ 41,000 $ 847,000 $ 2,211,000 $ 2,629,000
e
GovrrmeNT ¢
Roads and Budges $ 250,000 $ 1,203,000 $ 2,400 000 $ 2 800,000
Flood Fighting Costs 28,000 130,000 214,000 253,000
Sub-Total § 278,000 $ 1,333,000 $ 2,614,000 $ 3,053,000
TOTAL 82,182,000 $11,278,000 $20,967,000 $25 503 000

bb




FLOOD DAMAGES IN THE RED RIVER VALLEY

Table 73

FLOOD DAMAGES AND LOSSES RED RIVER VALLEY ALL REACHES
ACREAGE AND DAMAGE PER ACRE

Flood Magmtude Frequency of Occurrence Flood Acreage Damage
m cfs Damage Flooded per Acre
at Emerson Years  Percent
40,000 62 161
52,000 (1948) 11 91 $ 2182,000 67,400 $32 37
70,000 21 48 3 010,000 92,200 3265
82,000 31 32 4,846,000 145,300 3335
94,000 (1950) 46 22 11,278,000 316,500 35 63
137,000 (1852) 150 67 20,967,000 523,000 _ 4009
182,000 (1826) 460 22 25,503,000 616 000 41 40

acrea,
Red

aver Basm Investigation

Table 7 4

FLOOD DAMAGES AND LOSSES RED RIVER VALLEY BY REACHES
EMERSON TO PROPOSED GREATER WINNIPEG FLOODWAY (St NORBERT)

Note Damages for the 21 and 31 year floods were obtained by interpolating damage per acre data from a damage per acre-
%{3 flooded chart and applying this to an estimate of the total acreage flooded obtalned from an unpublished report of the

Flood Frequency (Average)

Once in Every 11 Years 46 Years 150 Years 480 Years
Flood Magmtude mn ¢ fs

(Emerson) 52,000 94,000 137,000 182,000

(1948) (1950) (1852) (1826)
(Thousands of Dollars)

Reacr 1—(R M ’s of Montcalm, Rhineland and Franklin

and Town of Emerson)
Loss of Income $ 239 § 842 $ 1,925 $ 2489
Extra Costs 40 145 250 344
Damages to Property 431 1 871 3,209 3,886
Utilities and Railroads 14 198 708 902
Government 99 353 729 922

Total $ 823 $ 3409 $ 6821 $ 8,543
ReacHE 2—(R M ’s of Morris and DeSalaberry and the

Town of Morrs)
Loss of Income $ 301 $ 1,241 $ 2,181 $ 2,406
Extra Costs 37 162 254 322
Damages to Property 650 2,829 4,365 5,415
Utilities and Railroads 23 386 780 893
Government 168 575 1,091 1,206

Total $1,179 $ 5,193 $ 8,671 $10,332
ReacE 3—(R M'’s of Ritchot and Macdonald and

Southern part of Fort Garry and St Vital)
Loss of Income $ 17 $ 958 $ 1,788 $ 2,020
Extra Costs 8 128 230 299
Damages to Property 140 922 1,940 2,550
Utilities and Railroads 4 263 723 834
Government 11 405 794 925

Total $ 180 $ 2,676 $ 5,475 $ 6,628

TOTAL $2,182 $11,278 $20 967 525,503

56
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CHAPTER 8

FLLOOD DAMAGES IN THE
ASSINIBOINE RIVER VALLEY

On the Assiniboine River, estimates of flood
damages were prepared for floods of thiee dif-
ferent magmnitudes, namely for floods that
might be expected to occur on the average once
evely 10, 25 and 100 years These floods will be
refeiied to respectively as a 10 percent flood,
a 4 peicent flood and a 1 percent flood The
estimated magnitude of each of these floods
15 shown below The 1956 flood was just under
20,000 cfs Thete 1s no recent flood as large
as 25,000 ¢f s, but the flood of 1923 amounted
to 21,000 ¢fs

Peak Flood Flow

mecfs at

Once m Poirtagela

Every Pranie

10 percent flood 10 years 19,000
4 percent flood 25 years 25,000
1 peicent flood 100 years 36,000

On the Assiniboine, the peak flow 1s reached
at Portage 12 Prairie Below that point the land
slopes away from the 1iver, so that once the
nver overtops its banks, much of the flood
water flows overland to the south and enters
the Red River through the La Salle River
For this 1eason, in the larger floods, the flow
ia)t Headingley 1s lower than 1t 1s at Portage la

1a111e

Damage estimates were prepared for four
different reaches of the river These reaches
werte A Headingley to Portage la Prairie, B
Portage la Prairie to Brandon, C The City of
Brandon, and D Brandon to Millwood Dis-
charge-damage relations for all but the Portage
to Biandon reach are shown in Plate 20

A Reach 1, Portage Ia Prairie to Headingley

A summary of the flood damages that would
be caused by each of the four selected floods 1s
given 1n Table 81 These damages have been
separated into the following main groups

1 Loss of Income
2 Extra Costs Occasioned by Floods

3 Damages to Personal, Farm and Business
Property

4 Flood Losses Incuitred by Utilities and
Railroads

5 TFlood Losses Incurred by the Government
A description of the methods used 1n prepar-
mg each of these estimates 1s given below
1 Loss of Income

(a) Farm Income Field Crops

Because the characteristics of flooding 1n the
Assimbome River Valley differ in some respects

57

from those 1in the Red Riveir, the procedures
followed 1n estimating loss of crop income for
the Red River Valley were modified 1n several
respects Examination of data on the dates of
the maximum discharges for various historieal
floods dicated no clear relationship between
the lateness of the date of maximum discharges
and the size of the flood In the absence of such
a 1relation there 1s no particular reason to as-
sume that the size of the loss of income per
acre will be related to the size of the flood
Accordingly, for the Assimboine Valley, the
loss of crop income per acre was calculated by
taking the average loss per acre for each crop,
using the dates when flooding occurred in a
p uticular serles of historical floods The years
chosen wele 1922, 1923, 1927, 1955 and
1956 The average losses calculated on this basis
were then applied to the flooded acreage for a
10 percent flood, a 4 percent flood and a 1
percent flood, giving an estimate of the total
loss of crop mcome for each of these floods

Because the land slopes away fiom the river
between Portage la Prairie and Winnipeg, land
1n this region would not begin to dry out until
the river had returned to bank-full stage and
water had ceased to flow out over the land
While the dykes on the river i this region are
m the process of being raised to a level which
will give protection up to about 22,500 cfs, 1t
18 probable that, for floods of a 4 percent mag-
mtude (25,000 cfs at Portage la Prairie) or
laigel, the dykes would be so badly eroded that
the river would continue to flow over the land
until 1t had receded to a level of 16,000 c¢fs
The land nea: Portage la Prairie would begin
to dry out as soon as this stage was reached
but further down the river, some additional time
would elapse before water would recede from
the land On the average, 1t was assumed that
four weeks would elapse between the date that
the river receded to bank-full stage and the
average date of seeding

Several mmportant floods have occurred on
the Assimboine River since the PFR A report
on Conservation and Flood Control was publigh-
ed 1n 1952 In the light of the information gain-
ed from this more recent flood experience, the
estimates of the acreage that would be flooded
i a number of major floods were reviewed
and immportant revisions were made for the
Portage la Prairic to Headingley reach of the
river Estimated acreages in the remaining
reaches of the river were left unchanged These
revised estimates, together with the unrevised
data, are as follows
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ACREAGE FLOODED, MAJOR FLOODS

Flooded Atc:a
Maximum Headigley Portage DBrandon
Flow at to Poitage to to
Portage la Prairie Biandon Millwood

(cfs) {acres)
10% Flood 19,000 10 000 800 50,000
4% Flood 25 000 204,800 16,000 57,000
1% TFlood 36,000 435,200 27,000 58,000

The loss of crop mmcome for various reaches
of the Assimibomme was estimated to be as
follows

TOTAL LOSS OF FIELD CROP INCOME

Headingley to Biandon

Size of Portage la Portage to to
Flood Prairie Biandon Millwood
109% Flood $ 66,240 $ 1,395 $265,050
4% Flood 1,356,595 41 850 292,950
1% Flood 2882765 125,650 292,950

A detailed statement of the basis on which
these estimates were prepared 1s given 1n
Appendix E

(b) Farm Income Lavestock

Loss of mecome to livestock was estimated on
the same basis as that used for the Red River
Valley

For dairy eattle, it was assumed that on the
average one month’s output of all cows 1n the
flooded area would be lost 1n a 10 percent flood,
one and a half months’ output in a 4 percent
goog and two months’ output in a 1 percent

00

It was estimated that cattle, beef and hogs
would be away from their normal surioundings
for the following periods for a 10 percent
flood, 80 days, for a 4 percent flood, 40 days,
and for a 1 percent flood, 50 days

(¢) Non-Farm Income

In estimating the loss of non-farm income in
flooded areas, an estimate was first piepared
from census data of the number of non-agricul-
tural workers affected Gross loss of 1ncome per
worker was estimated at the rate of $3,480 per
year, the same rate used in the Red River Val-
ley area

On the basis of a study of hydrographs for
various sized floods, 1t was estimated that on
the average a worker would be away from his
job and hence suffer a loss of imncome for the
following lengths of time

Length of period
11ver mm excess of

Size of Flood Time Lost 16,000 ef s
In a 10% flood 1 month 15 days
Ina 4% flood 1 month 19 days
Ina 1% flood 1% months 24 days

Some workers, such as those mn the con-
stiuction industry, would be able to return to
work immediately after the flood waters had
receded Others who worked in premises that
had been flooded might be away from theiwr
regular occupation for several months In the
Assimiboine area, flood waters are expected to
reach only a modeiate depth, say 2 to 8 feet,
thus business premises might escape flooding
over the fiuist floor level

(d) Rental Value of Homes

On the basis of an analysis of the 1950 flood
recoids, 1t was estimated that the average
equalized assessed value of homes in the area
from Portage to Winmipeg would be $1,500 It
was estimated that the monthly rental value
of a house would be 215 percent of 1ts assessed
value (this corresponds to 1 percent of estr-
mated market value) It was assumed that the
use of the house would be lost for one month
where flooding above the floor level occurred

2 Extra Costs

(a) Evacuation Costs

Evacuation costs were estimated by applying
a cost per person to the total population of the
flooded area Costs per person were the same
as those used for the Red River Valley The
estimated population of the flooded area, based
on an analysis of census data, and evacuation
cost per person, 1s as follows

Number of People Evacuation Cost

Affected per Person
10% Flood 115 $2 65
4% TFlood 4,474 265
1% Flood 8,069 320

(b) Extra Food Costs

These extra costs were estimated to be $7 50
per person per month, which 1s one-third of the
average monthly food expenditure per peirson in
Canada It was assumed that these extra costs
would last for one month m the two smaller
floods and for one and a hslf months in the 1
percent flood

(c) Extra Work

The costs mvolved 1n the way of extra work
occasioned by the flood, work of moving furn-
ture and cleaming up after the flood, were
estimated at somewhat nominal values

(d) Extra Feed for Lavestock

This cost was estimated at $6 00 per head
of livestock affected for a 10 percent flood,
the cost mncurred 1n the 1950 flood 1 the Red
River Valley This was mcreased by 25 cents
per day for each additional day of inundation
occurring 1n the larger floods In the Headingley
to Portage area, these costs were as follows
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PLATE 20

PEAK DISCHARGE AT PORTAGE (THOUSAND C.FS.)

PEAK DISCHARGE AT BRANDON ( THOUSAND C.F.S)
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FLOOD DAMAGES IN THE ASSINIBOINE RIVER VALLEY

S1ze of Flood Cost per Head of Livestock

10% Flood $ 600
4% Flood 750
19 Flood 10 00

(e) Cost of Moving Livestock

An estimate of the average distance that live-
stock would be moved was based on a study of
the size of the flooded areas, costs per truck
mile were the same as those used for the Red
River Valley

3 Damages to Property

(2) Farm Residences and Other Farm
Buildings

In the area between Portage la Piairie and
Winnipeg, the best evidence indicates that for
the most part, flooding would occur only to a
depth of fiom 2 to 8 feet This would be true
for both the larger and smaller floods, the
major difference 1n the larger floods being that
the flow over the banks would continue for a
longer petiod and would cover a larger area
If 1t 15 assumed that for drainage reasons the
fazmstead 18 usually located at a spot shightly
above the general elevation, then the typical
flood level would probably be just below the
main floor level i the house Accordingly 1t
was assumed that, m this area, 10 percent of
all the houses would be flooded just over the
mam floor, 60 percent would be flooded to a
level of 1 foot below the floor level, and the
remaining 30 peicent would be subject to base-
ment flooding (flooding of less than 1 foot)

Damages were estimated on the basis of the
following schedule which was obtained from the
records of flood damage payments made 1 the
Red River Valley 1n 1950

Flood Level Damages per Farmstead

Bascment Flooding $ 44100
1 Foot Below Floor Level 707 00
Over Floor Level 102500

These damages were mcreased 25 percent to
allow for the price rise since 1950 The total
number of farms in the flooded area was esti-
mated on the basis of census data on the aver-
age s1ze of farm in this area

(b) Non-farm Residential

It was assumed that the flooding pattern 1n
small towns would be the same as 1n rural areas,
with 10 percent of the houses flooded over the
main floor, 60 percent flooded o a depth of —1
foot and the remaining 30 percent subject to
basement flooding only Damages were based
on the record of damage payments made on
non-farm residences in the Red River Valley
i 1950 These were as follows

b9

Flood Level Damage per Dwelling

Basement Floodmg $265 00
1 Foot Below Floor Level 32500
Just over Main Floor 675 00

The number of non-farm dwellings in the
flooded area was estimated by furst obtamning
an estimate of the non-farm population 1n the
flooded area and then assuming one dwelling
for every 85 persons Damages were increased
by 25 percent to convert them to 1957 prices

(¢) Personal Property, Farm and Non-farm

Damages to peisonal property were esti-
mated by applying a ratio of 289 to the total
1950 property damages to farm buildings and
ron-farm 1esidences This was mcteased by 15
percent to bring 1t to a 1957 price basis

(d) Gramn, Lavestock and Machinery

In 1950 flood damage payments on property
of this type 1n the Municipahty of Maedonald
amounted to $1 15 per cultivated acre Since
the depth of flooding in this area 1mm 1950 was
moderate, 1t was assumed that these data were
the most suitable for eslimating damages of this
type 1n the area between Portage la Prairie
and Winnipeg These estimates were adjusted
to a 1957 price basis with a price index of
grain, livestock and machinery

(e¢) Small Business

Damages to the buildings, imventories and fix-
tures of small business firms weie assumed to
bear the same ratio to non-farm residential
property damage as the ratio 1ealized in the
1950 flood 1 the Red River Valley

(f) Schools and Churches

Damages to schools and chuiches were est-
mated by using the 1950 ratio of damages
shown for property of this kind to the total of
non-farm residential damage plus farm buld-
g damages, 1n the Red River Valley area

4 VUtihties and Railroads

These damages were estimated by the rail-
roads and utilities concerned on the basis of
maps showing flooded areas and information on
depth of flooding provided by the Commission

5 Government Property

(a) Roads and Bridges

In 1955 and 1956, damages to roads and
biidges 1n the area between Portage la Prairie
and Winnipeg amounted to about $82,000 or
$ 93 per acre of land flooded It was assumed
that damages per acie would be slightly higher
in larger Tloods because of higher velocity and
because mote biidges would be dislodged Ac-
cordingly damages were estimated on the fol-
lowing schedule



FLOOD DAMAGES IN THE ASSINIBOINE RIVER VALLEY

S1ze of Flood Damages per Acre

10% Flood $ 73
4% Flood .3
1% Flood 113

(b) Flood Fighting Costs

These costs were estimated on the basis of an
estimated expenditure of $150,000 on the dykes
for the 4 percent and higher floods plus an addi-
tional expenditure of 40 cents per acre of area
flooded, 40 cents per acre representing the
amount expended (in terms of 1957 prices) by
municipahties 1n the Red River Valley area 1n
1950 Actual expenditures by provincial and
muntcipal governments in the Portage to Win-
nipeg atea 1n 1955 amounted to $115,000 In
addition, the armed services contributed the
equivalent of perhaps $50,000

While the Commission has attempted to make
these estimates of flood damages as complete as

possible, a variety of minor 1tems have undoubt-
edly been omitted Thus, no allowance has been
made for the loss ol soil from eirosion due to
floods or of the extra cost of levelling the land
afterwards Thig was omitted because no firm
data wetie available on which to base an estim-
ate While damage of this type might be serious
for mmdividual farmers, 1t seems unlikely 1t
would be large in overall terms Further, no
specific allowance 1s included for the mental
angmish and suffering occasioned by a flood
since, by 1ts nature, this haim cannot be meas-
ured in monetary terms

Every attempt has been made to check our
damage estimates and make them as realistic as
possible Neveitheless, 1t may be that for some
types of damage our estimates may be too high
For others, they may err on the low side How-
ever, we feel confident that overall they repre-
sent a fair appraisal of the damages that can be
expected to occur

Table 81

FLOOD DAMAGES AND LOSSES ASSINIBOINE RIVER
HEADINGLEY TO PORTAGE LA PRAIRIE

Flood Frequency (Average)
Once 1n Every 10 years 25 Years 100 Years
Flood Magnitude mn ¢ f 5
(at Portage) 19 000 25000 36,000
Loss or INCOME
Farm Crops $ 63,000 $1,454,000 $3,090,000
Livestock 4,000 122 000 316,000
Non-farm 175 000 472,000
Rental Value of Homes 1,000 32 000 68,000
Sub-Total $ 68,000 $1 783 000 $3 946,000
Extra Cosis
Evacuation Costs—People g = $ 12000 $ 26000
Extra Living Costs 1,000 34,000 91,000
Extra work—clean-up, repair to grounds, et 3,000 62,000 133 000
Extra feed for Livestock 2,000 61,000 174,000
Cost of moving Livestock * 2 000 7,000
Sub-Total $ 6000 $ 171 000 % 431,000
DamacLs To PRoPORTY
Farm Buildings $ 12,000 $ 290 000 $ 618,000
Non-farm Residential 96,000 211,000
Personal Property—Yarm and non-farm 3 000 103,000 220 000
Gram, Livestock and Machinery 9,000 191 000 415 000
Business 34 000 75,000
Schools and Churches 1 000 31 000 66 000
Sub-Total $ 25,000 $ 745000 $1,605,000
UriniTies AND RAILROADS
Manitoba Power Commission $ $ 37,000 $ 70,000
Manitoba Telephone System 13,000 27 000
CNR 77,000 420 000
CPR 3 000 18 000
Sub-Total [ $ 130 000 $ 535,000
GOVERNMENT
Roads and Bridges $ 7,000 $ 190 000 $ 487 000
Flood Fighting Costs 25,000 232,000 324,000
Sub-Total $ 32,000 $ 422,000 $ 811,000
TOTAL $131,000 $3,251,000 $7,328 000
*Less than $500 00
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Table 8 2

FLOOD DAMAGES AND LOSSES ASSINIBOINE RIVER
PORTAGE LA PRAIRIE TO BRANDON

Flood Frequency (Averige)

Once 1n Every 10 Yenis 25 Year- 100 Yenats
Flood Magmtudemnefs

(at Brandon) 16 000 23 500 36 000
Loss of Income Crops 81,200 $36,000 $10%,000
Damages to Roads and Bnidges 9,500 12 000

TOTAL $1 200 $45 500 $220 000

B Reach 2, Flood Damages, Portage la Praine
to Brandon

1 Loss of Farm Income Field Crops

Loss of field crop mcome was estimated on
the same basis as was used for the Portage to
Winmpeg area Details on this estimate are
given in Appendix E

2 Damages to Roads and Bridges

For roads and highways, damages per acre
were assumed to be of the same magmntude as
in the Millwood to Portage Reach

C Reach 3, City of Brandon

Estimates of the flood damages and flood
losses that would occur to the City of Brandon
were prepared for some five different flood
elevations A discharge-damage relationship
showing the damages that would occur 1in the
absence of all dykes and the damages that would
occur even 1f the dykes held at all flood levels
18 shown 1n Plate 20 In pieparing this relation-
ship use was made of a detailed contour map of
the Brandon flats and a provisional rating curve
supplied by the PFR A

The flood damage estimates include damages
to residential and personal property, damages to
industiial property (piincipally Brandon Pac-
kers), loss of income, losses suffered by the

Biandon Experimental Farm and losses to mar-
ket gardeners

Damages to 1esidential dwellings and personal
property were estimated on the basis of the
damages to assessed value relationships that
had been prepared for the Greater Winmipeg
area These relationships weie applied to infor-
mation on the assessed value of dwellings 1n
the flooded area, after adjustment to an equal-
1zed basis Damages and losses for the Birandon
Packers and for the Brandon Experimental
Fairm were based on information supplied by
these two orgamzations

Losses to maiket gardeners were based on an
estimate of the net mncome per acre earned by
mai ket gardenets which was woirked out on the
basis of data on prices, yields and production
expenses for various crops These data were
supplied by the Horticultural Branch of the
Provincial Depaitment of Agiiculture It was
assumed that on the average, the loss to mai ket
gardeners 1n a flood year would amount to two-
thirds of their normal net income This assumes
that floods will recede early enough in some
years to permit the harvesting of a partial crop
No data on 1ecorded experience were available
to check the validity of this assumption but it
appears reasonable 1n the light of our estimates
lor farm mcome losses 1n the upper Assiniboine
Valley A summary of these damage estimates
for selected discharges 1s given 1 Table 8 3

Table 8 3

DAMAGES AND OTHER FLOOD I1.OSSES, CITY OF BRANDON
SELECTED DISCHARGES

Damages under Natural (no Dyke) Conditions Damage,

Area not

Remdential, Protected

Real and Market All by Dyke

Discharge Peraonal Garden Other Total Total

10,600 $ 33,500 $52 100 $ $ 85,600 $43,900
14,200 82,500 54 200 19,100 155 800 58,000
21,000 163,000 54 200 99,700 316 900 66,600
33,000 300,500 54,200 168,100 522 800 73,900
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D Reach 4, Flood Damages, Brandon to Mill-
wood

The valley area from Brandon to Millwood
consists of very fertile farm land which 1s con-
fined between the steep banks of the Assim-
boine River Valley The land 1n the valley bot-
tom slopes away from the river so that once the
river leaves 1ts banks, almost the entire area
18 mnundated This slope of land away fiom the
river also makes 1t difficult for the water to
drain off the land after the flood waters have
receded As a result, the farm land dries out
very slowly after 1t has been flooded

Except for 10ads and biidges, there 1s an al-
most complete absence of property 1 this area
Accordingly, our estimates of tlood losses have

been confined to the loss of field crop mmcome
and damages to roads and bridges

1 Loss of Farm Income Field Crops

Loss of field ciop mmcome in this veach was
estimated on the same basis as was used for
the Portage to Winnipeg area

2 Damages to Property Roeads and Bridges

For the two smaller floods, damages to 10ads
and highways wete estimated on the basis of
the damages repoited for 1955 and 1956 Dam-
ages foi the 1 peicent flood were mcreased by
25 percent to allow for the highe:r veloeity and
greater amount of erosion that would occur
even though the area flooded would be almost
unchanged

Table 8 4

FLOOD DAMAGES AND LOSSES ASSINIBOINE RIVER
BRANDON TO MILLWOOD

Flood Frequency (Averige)

Once 1n every 10 Years 25 Years 100 Years
Flood Magmtude in ¢ f s

(at Brandon) 16 000 23 500 36 000
Loss of Income Crops $292,980 $323,820 $323,820
Damages to Roads and Bridges 35,000 43 000 54 000

Total Damages 3327 930 %366 820 $377 820
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CHAPTER 9

GROWTH AS A FACTOR IN
BENEFIT-COST ANALYSIS

1 Relation of Growth to Benefit Cost Analysis

In evaluating the benefits that can be ob-
tained from various schemes for flood contiol,
some attenfion must be given to the growth m
income and property values that may reason-
ably be expected to occur in the flood-prone
aren, for if benefits based on piesent income
and property values give a favourable benefit-
cost ratio, say 2 to 1, this ratio will be increased
by this prospective growth Once the project
such as a floodway 1s completed, 1ts annual
costs will remain unchanged but annual bene-
fits will 1increase gradually as additional
growth takes place In attributing bencfits on
the growth side, 1t would be incorrect to in-
clude flood protection benefits to property
which 18 built in the flood-pione area as a
result of the flood protection measures Only
benefits arising out of the growth that can be
anticipated in the absence of any flood protec-
tion measures are included

When the effects of growth are mmcluded 1n a
bencfit-cost ratio the size of the 1atio may be
increased substantially Thus Table 91 shows
the effects of dufferent annual percentage 1ates
of growth 1n benefits upon a benefit-cost ratio
of 10 The precise theoretical basis on which
these ratios are calculated 15 explained 1n Ap-
pendix F

Table 91

EFFECTS OF DIFFERENT RATES OF
GROWTH IN BENEFITS UPON A
BENEFIT COST RATIO OF 10

Annual Growth
Rate of Growth Benefi1t-Cost
m Benefits Ratio
r = 20% 150
r = 225% 158
r = 2.5% 169
r = 3% 189
r = 4% 233

These data show that i1f the annual flood pro-
tection benefits can be expected to grow at a
rate of 2 percent per annum over the 50-year
Iife of the project, a projeet which has a bene-
fit-cost ratio of 10 on the basis of present
mcome and property values will have a benefit-
cost ratio of 150 for the 50-year hife of the
project (assuming interest at 4 percent) Other
benefit-cost ratios, based on present values
only, would be increased proportionately Thus
on a project where the benefit-cost ratio based
on present values 18 2 0, the corresponding ratio
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mcorporating the effcets of growth at 2 per-
cent per annum would be 3 00 (again assuming
interest at 4 percent)

It should be noted that the growth ratics
presented here incorporate increased future
benefits on a discounted basis For any project
whose constiuction 15 being planned and jueti-
fied today this 1s the pioper basis of evaluation
However, to the extent consideration 1s being
given to the possibility of increasing the size
of a particular project, such as the Floodway,
at some future date or the construction at that
time of some auxiliary project, 1t 1s desirable
also to have an cstimate of how much present
benefit-cost ratios will have increased 1n size
by various future dates Table 92 gives the
benefit-cost ratios for periods 5, 10, 15, 20 and
25 years hence, that correspond to a ratio today
of 10 These 1ati0s are given for a number of
different values of r, the annual percentage
rate of growth in benefits, (with interest at
4 percent)

Table 9 2

PATTERN OF BENEFIT COST RATIOS AT
VARIQUS FUTURE DATES WHERE
GROWTH IN BENEFITS OCCURS

Annual Rate of

Girowth Benefits Numbe:r of Years from Date

(percent) 0 5 10 15 20 25
1=15 10 108 116 125 135 145
r=20 10 110 122 13% 149 164
r=25 10 113 128 145 164 185

10 116 134 156 181 209

r=130

Tor example, 1f annual benefits are assumed
to grow at the rate of 2 5 percent per annum, a
project, which today only gives a benefit-cost
ratio of 10, would show a ratio of 128 1f 1t
were considered for construction ten years
fiom now and a benefit-cost ratio of 185 1f
consideted for construction 25 years from now
It 1s not necessary, of course, to make any com
mitment at this time about the construction
of projects at future dates However, it 1s de-
sizable to form some opinion as to which pro-
jects may become justifiable from a benefit-
cost pomnt of view and may, in fact, be con
stiucted at some future date Such data have
1clevance to the question of constiucting pro-
jects 1n such a form as to cnsure a possible
expansion 1n their size at some future date

2 Growth i the Greater Wimnipeg Area
1957 to 1982
In order to measure the effects of anticipated
growth upon benefit-cost ratios in the Greater
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Winnipeg area, a detailed estimate has been
prepared of the amount of property and income
that may be expected to be in existence 25
years hence On the basis of these data, an
estimate has then been prepared of the damages
that would be caused by floods of different
s1zes This estimate shows that by 1982 annual
damages for floods of all sizes would amount
to $23,243,500 This 1s an mcrease of 80 percent
over the 1957 level and, in terms of growth
rates, implies an annual rate of growth in bene-
fits of between 2 25 and 2 5 percent Assuming
the rate of growth were 2 25 percent per annum
over the 50-year Iife of the project, and refer-
ring back to Table 91 it can be seen that the
Increase 1n flood damages that can be antici-
pated because of the growth in prospeet for
Gieater Winnipeg will increase the benefit-cost
ratios which are based on present property
values and present incomes by a factor of 1 58
for a four percent interest rate In round
numbers 1t would seem safe to conclude that the
inclusion of prospective growth mereases bene-
fit-cost ratios for the Greater Winnipeg area
by a factor of 50 percent, that 1s, to one and
one-half times the ratios that are based on
current values only

In preparing estimates of future property
and income the following procedurcs were fol-
lowed It was assumed that the population of
the Greater Winnipeg area would amount to

700,000 by 1981 This 1s somewhat below the
estimate of 760,000 for 1981 made by the Met-
ropolitan Planning Commssion and a little
higher than the estimate contained 1n Prospects
for Development in Manitoba which places the
population for the metropolitan area at 647,000
m 1980

The estimated location of this population

within the metropolitan arca 1s shown in Table
93

Group A consists of areas that have only
Iimited space left for development, whereas
both groups B and C still have large undevel-
oped areas available The total increase shown
in each of the three groups follows closely the
projected growth estimates made by the Metro-
politan Planning Commuission of Greater Win-
nmipeg The detailed estimates for ndividual
municipalities were prepared after a discussion
of the problem with officers of the Metropol-
tan Planning Commission It may be noted that
estimates contained 1n a brief presented by the
City of Winnipeg to the Greater Winnipeg In-
vestigating Committee show an even larger
proportion of the total incrcase centering in
Group B, an area that 1s very vulnerable to
major floods In this latter estimate some 58
percent of the population increase 1s allocated
to Group B compared with only 50 percent in
the estimate used by the Commission

1A Subnussion to the Royal Commssion on Canada s Economie Prospects by the Government of Manitoba

Table 9 3
POPULATION GROWTH, METROPOLITAN WINNIPEG, 1956-81

Grour A

Winnipeg and Brooklands
St James

East Kildonan

West Kildonan

Sub-Total

Grour B

St Bomface
St Vital
Fort Garry
Transcona
Tuxedo

Sub-Total

Grour C

Assimiboia
Charleswood
0Old Kildonan
North Kildonan

Sub-Total

Toran ALL Groups

Increase

1956 10%1 1056-81
261,000 291,000 30,000
26,000 31,000 5000
19,000 24,000 5,000
15 000 24 000 9,000
321,000 370 000 49,000
29 000 71,000 42 000
24 000 64,000 40 000
13 000 58 000 45,000
$ 000 16 000 8,000
1,000 11 000 10,000
75,000 220,000 145,000
4,000 26,000 22,000
5,000 23,000 18,000
1,000 23,000 22,000
4,000 38,000 34,000
14,000 110,000 96,000
410,000 700,000 290,000
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The additional number of dwellings that
would be required in each area as a result of
this anticipated population growth was esti-
mated by use of data on the number of persons
per dwelling based on the 1951 census A shght
decline 1n the average number of persons per
dwelling was assumed It was further assumed
that some 80 percent of these dwellings would
be single family residences o1 duplexes and that
the balance would be apartments Within mun-
cipalities these additional dwcllings were allo-
cated to the spaces set aside for future residen-
tial growth 1n the map prepared by the Metro-
politan Planning Commission (See Plate 21,
and Greater Wannwpeg, 1981, Dwagram 7)

In estimating the girowth 1n business and 1n-
stitutional property the following procedure
was followed At the present time there 1s 1n
existence 65 sq feet of ground floor area of
business (commercial and industrial) property
and 18 square feet of institutional and govern-
ment property for every inhabitant in the
Greater Winnipeg area It was assumed that
there would be the same square footage of busi-
ness and mstitutional propeity per inhabitant
mm 1982 Multiplying these unit values by a
population of 700,000 gives an estimate of the
total square footage of business and institution-
al property that could be expected to exist in
Winnipeg 1in 1982 It could be argued that with
a rising level of per capita income the amount
of such property per peison might merease
However, this would be at least partially offset
by a depreciation 1n existing property that was
In excess of any replacement Details of this
estimate are shown in Table 9 4

Table 9 4

ESTIMATED GROWTH IN
NON-RESIDENTIAL PROPERTY
GREATER WINNIPEG, 1957-82

Institutional

and
Government

Business

(Square Feet)
Present Ground Floor Area
for Property mn Metropohtan

Winnipeg 26,535,000 7,549,000
Square Footage per Capita 65 18
Total Required for a popula
tion of 700,000 in 1982 45,500,000 12,600,000
Additional Required by 1982 18 965,000 5,061,000

To allocate this additional space throughout
the Greater Winnipeg area the following
method was used It was assumed that a certain
proportion of this additional space would be
constructed m new residential arcas To deter-
mine how much of the total could be allocated
1 this way, a number of existing residential
areas were analyzed The areas selected were
ones with a mmimum amount of industrial and
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central business property, but each had at least

one main traffic artery and a share of commer-

;:{lal property serving a largely suburban mar-
et

This analysis showed that the equalized as-
sessed values of commercial and institutional
buildings 1n these areas represented about 10
percent of the equalized assessed value of resi-
dential buildings These data also showed that
for each resident there was about 8 2 square
feet of commercial property and 108 square
feet of institutional (including rinks and meet-
ing halls) property in these areas These last
two factors were applied to the estimated popu-
lation growth for each area to obtain estimated
requirements for commercial and nstitutional
property that would be located in the new
residential areas

It was further assumed that one-half of the
additional business property would be mdus-
trial, since about one-half of the existing busi-
ness property in the metropolitan area 1s indus-
trial The expected growth in the square footage
of industrial property by 1982 was then allo-
cated to different areas of Metiopolitan Win-
nipeg 1n proportion to the acreage of land area
that has been sct aside for industrial growth 1n
the Metropolitan Planning Commission’s plan
for the future growth of the area

After these two steps had been taken, the
balance of business and government and msti-
tutional property was then allocated to existing
developed areas in direct proportion to the
amount of property of this type now 1n exist-
ence 1n these areas This makes some allowance
for the more 1ntensive development that occurs
within the centre of a city as the total area
expands A summary of these allocations by
area 18 shown 1n Table 95

Having tentatively allocated by areas the
additional residential and non-residential prop-
erty that can be expected to exist in Greater
Winnipeg by 1982, flood damage estimates were
then prepared on the basis of this larger
amount of property In preparing these damage
estimates use was made of the various flood
damage rates we had already developed

For residential property it was assumed that
the average equalized assessed value of the new
dwellings constiucted between 1957 and 1982
would be the same as the present average
equahzed assessed value 1 each municipality
While 1t might be reasonable to assume some
merease 1n the average value of residential
property as the community becomes more
wealthy this would be offset, in part, by de-
preciation on existing propertics, not offset by
replacements The same applies to personal
property, although here our estimates probably
represent an understatement of future poten-
ti1al damages because replacement rates are
much higher for this type of property
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Damages to business inventories and fixtures
are also based on the assumption that the value
of stock and fixtures per squarc foot of busi-
ness property would be the same in 1982 as at
present and that, for this reason, damages to
this equipment per square foot of business
property would also be the same at any given
flood level Thas, too, 18 probably an undet state-
ment since theie has been a long term trend
towards an increased value of machinery and
equipment per square foot of business floor
area and the rate of replacement in this field
18 fairly high

Estimates of loss of immcome were piesented
earher 1 the loss of mcome study It will be
recalled that they assumed an increase of two-
thirds 1n the level of per capita income by 1982,
the amount of increase forecast by the Gordon
Commussion for all Canada

For a variety of other ilood losses such as
evacuation costs, extia costs of clean-up, dam-
ages to rallways and public utilities and dam-
age to municipal streets, roads and sewers it
was simply assumed that damages for this
group would bear the same ratio to all other
damages 1 any given flood as they do at pres-
ent
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Flood fighting costs were mereased by about
20 percent at Mile 53 (foot of Oakenwald 1n
Fort Gairy) and at Mile 42 (opposite Seven
Oaks) 1n hine with a piobable lengthening of
the main dyking system

On the basis of these damage estimates, fre-
quency-damage 1elations were prepared and to
demonstrate the effects of growth, bencfits fo1
three major floodways were calculated on the
basis of exapected 1982 income and property
conditions These benefits are presented 1n
Table 96 For the city as a whole, benefits can
be expected to be from 83 to 86 percent higher
m 1982 than they are today The increase in
benefits 18 particularly laige, about 245 percent,
i the south end of the city (Mile 53) It 1s
somewhat below the overall average in the
centre of the city

An 1ncrease i benefits of 85 percent over a
25-year period implies an annual growth rate
of 25 percent Referring to Table 91 1t can
be seen that when the growth rate 18 25 per-
cent the benefit-cost ratio which incorporates
growth benelits on the basis of their discounted
present value 18 increased by 69 percent for an
interest rate of 4 percent



PLATE 2|

This estimate of future growth is based on maps prepored by the
Metropolitan Plonning Commigsion of Grepter Winnipeg. Compact,
densely developed divisions Sharply separaféd~{rom adjacent areas by
solid boundaries have beep’ assumed. A high degree of homogeneity in
type of building within-efich division hos also been a ed.

ese assumptions permit the exact location of ( thousands of
residential, commercial,, industriol and institutional propepties.
Potential flood domages to these buildings can then be ‘qnalyzed in
detail in the light of specific land contours and water elevifions in
floods of various sizes.

In practice, growth wouild not follow this precise pattern.
However, it is believed that the flood domages estimated on this basis
opproximate fairly closely those which would, in foct, oceur.
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CHAPTER 10

BENEFIT-COST ANALYSIS

The development of dependable benefit cost
ratios was, of course the ultimate technical goal
which the Commussion had to reach before it
could consider 1ts conclusions and recommenda-
tions Much research was necessary and was
undertaken by the Commussion and its per
sonnel to that end as will be observable to the
reader of this report

Reseaich was necessary first on the eng
neering aspects of the various and numerous
proposals exarmned by the Commission While
a great deal of engineering work had alieady
been carried out by the Red River Basin Inves
tigation 1t was necessary to adapt these earher
studies to the specific requirements of a bene
fit cost analysis Thus extensive engineering
studies had to be made to estimate the eleva
tions that the water would reach at various
locations for the entire reach of floods The
establishment of a specific flood elevation for
each possible discharge entailed the drawing up
of rating curves for each pomnt that was con
sidered representative for purposes of the bene
fit cost study The rating curves representing
conditions as they would exist 1in the absence of
dykes or other impiovements are termed 1n
this report as natural conditions

The fundamental part of these studies was
the establishment of a relationship between the
flows of the Red and Assinibomne Rivers which
together make up the flood peak in the Greater
Winnipeg area In estimating the contribution
fiom the Assimboine River, due consideration
had to be given to the fact that high flood
peaks on the Assimboine are greatly modified
by overland flow to the Sale River and in very
high flows to Lake Manitoba The former con-
sideration 18 particularly important

The next step was to show the reduction 1n
water elevation or discharge that each project
or combination of projects would produce These
reductions are shown on Plates 24 26 and 28
31 For example with a total flow of 160 000
¢fs at Redwood Bridge which 1s below the
confluence of the Assimiboine and Red Rivers,
the flood elevation would be 7623 (847 ft
above city datum) Of this flow 28000 cfs
would be from the Assimiboine in Winnipeg and
129000 ¢cfs from the Red at Ste Agathe and
3000 ¢cfs from the overflow of the Assiniboine
through the Sale River The use of a 60 768
floodway alone would take off 64900 ¢fs and
reduce the elevation at Redwood Bridge to
7552 The additional use of a 25000 cfs
Portage Diversion would reduce the Assimiboine
flow to 13 000 ¢fs through Winnipeg and eh
mimate the overflow from the Assiniboine
and would lower the water level to 75617 The
addition of a thud project, the Russell Reser
voir would further reduce the Assiniboine flow
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to 3,000 c¢fs This combmation of projects
would reduce the elevation of the water level
at Redwood Bridge to 749 5 and would eliminate
any overflow to the Sale River The elevation of
the top of the dykes, less one foot at Redwood
Bridge, 1s 75156

Before this engineering data could be trans
lated into terms of benefits 1t was also neces
sary to undertake an economic study of the
flood damages that would occur at different
flood levels These studies were also exhaustive

On the basis of these data, each proposal was
then examined first standing on its own feet,
separate and distinet from any other proposal
thereatter when these individual studies had
been completed, the practicability of each was
considered as part of a combiation of two or
more projects

In this chapter 1t will be found that, while
each project 13 dealt with on an individual basis
1eference 1s made, where applicable to the part
it may play in the overall plan of the Com
mission for flood prevention (See Chapter 11)
In the following chapter the feasibility of vari-
ous combinations of benefits will be considered

As was explained m Chapter 5 a benefit cost
11t10 18 a measure of the extent to which the
benefits that result from any flood prevention
proposal will exceed the cost of the pioject
Where the ratio 18 2 0 1t means that over the
amortization period of the project, the flood
damages eliminated will be twice as large as
the cost of the project

In calculating these ratios both costs and
benefits are reduced to an annual basis Annual
costs mnclude interest and amortization charges
on the cost of the project, and any maintenance
or operating costs connected with 1t In the
present analysis annual costs were calculated
on the basis of a 4 percent rate of interest and
a b0 year amortization period Flood prevention
benefits are obtammed by means of the frequen
cy damage analysis described i Chapter 5
Benefits i the form of improved water supply
have been included wherever some reasonably
accurate basis of estimate could be found

In estimating flood benefits 1 the Greater
Winnipeg area 1t has been necessary to make
some allowance for the protection already af
forded to the city by the existing dyking
system

The conventional approach to this problem
15 to assume that these dykes will eliminate
all flood damages caused by floods which re
main below a certain elevation In this approach
which can be called the freeboard approach, two
or three feet of fieeboard are allowed on a
dyking system, depending on 1ts width, depth,
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ivpe of construction and other factors This
means that the dyke 1s assumed to eliminate
all damnges caused by floods of up to two or
three feet below the top of the dyking system
Ilowever for the City of Greater Winnipeg
area, this approach did not seem entuely ap
propriate since, when the existing main dyking
system was designed, 1t was inlended that emer
gency dykes chould be added to the top of 1t
whenever floodwaters thieatened to overtop
the present dyking system which 18 for the
most part, four {eet helow the 1950 flood level

Accordingly an alternative approach was
adopted In this alteinative 1t 1s assumed that
as the level of the river 11ses the risk of flood
mg bhehind the present dyking system gradual
Iy increases Thus mmstead of assuming that the
dyking sysiem including the temporary addi
tions made to 1t 1n a flood emergency 1s com
pletely safe up to a certun elevation and then
fails completely at any higher elevation an
attempt his been made to assess the risks in
herent 1n the system at vaiious elevations
These risks are many

(a) To begin wilth theie aie a large number
of ungated sewer outlets under the present
dyking system which would have to be discon
nected and blocked i a flood emergency The
Greater Winnipeg Dyking Board hsted 71 un
gated sewer outfalls to the river and stated
that there were undoubtedly many moie the
locations of which were not known Emecrgency
pumps would have to be installed 1n oider to
take care of the sewage and runoff normally
discharged by these outlets

(b) Theie would also be a serious danget
fiom underground condwits such as pipes
sewers and culveits which could fail in times
of mgh water and either undermine the dykes
or flood the sewers beyond the capacity of the
pumps

(¢) In the older seclions of the city, the dan
ger from this 1s parficularly gieat because of
old long foigotten structures now blocked with
loose matetial which might give way under the
pressure created by high flood levels

(d) Other risks of flooding arse out of the
difficulties that may be encountered in bulding
up the long lines of flood delence The Red
River Basin Investigation estimated that emer
gency dykes ranging 1n height from one to five
feet would be needed over a length of 43 miles
to provide piotection against a flood of the
1950 magnitude A substantial mileage of the
defence system 1s located in the south end of
the city in undeveloped areas where there are
iew access 1o0ads and where a fallure would
flood Tnrge sections of Greater Winnipeg In a
wet spring which 1s more probable 1n 2 flood
yei, access roads could become mmpassable for
heavy tiucks and earth moving equipment

(e) A turther risk aiises from the fact that
In all aireas frost or wet ground conditions
might mike 1t difficult to sccure smtable borrow
mater1al for lemporairy dyke construction Wet
weather would also impede dyke construction
and create a 11sk that the temporary dykes
would be overtopped by flood waters before
they hnd been raised to the required height

(f) Finally there 1s the ri1sk that the dykes
themselves might fail either because of seepage
or as 1 result of wave action o1 water pressure

Afler assessing these various risks our en
gmeermg advisors prepared an estimate of the
peicentage risks of flooding within the main
dyking system for each of the thiee reaches
1 the Gieater Winmpeg area In preparng this
table, they wete aided by the similar estimates
prepared by mmdividual mumacipahties that ap
peared 1n the Sixth Annual Report of the Dyk
mg Commission 1957 These estimates arc
shown 1n Table 10 1

Table 10 1

RISKS OF FLOODING WITHIN THE PRIMARY DEFENCE
SYSTEM THRFE RFACHES, GREATER WINNIPEG

Llevation Flood T ercentage Risks of Flooding
at James Ave liequenty  Rewh 1 Reach 2 Rewch 3
26 o 17, 5% 1%
27 1 1Y, 107, 109 YA
25 3 5% >5% %, 20%
29 3 39 17, 6%, 4,59,
30 2 89, 0% $N 7097,
21 239 1007, 009, 329,
32 2 1% 10097, 1009 1009,

Nors
Reach 1 includes St Vital and Tort Gaury

Reach 2 mecludes Wards I and IT in Winmpeg St Bonmiface St James Tuxedo Brool lands and Rosser
Reach 3 mncludes Ward IIT in Winmipez East Kildonan West hildonan Old Kildonan North Kildonan Transcona and East

and West 8t Paul

Elevations are Zaiven n terms of feet above city datum at James Avenue




PLATE 22

FLOOD STAGE AT REDWOOD BRIDGE
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In utilizing these data 1t was necessary to
prepare for each reach an estimate of the flood
damages and losses that would oceur under two
different assumptions

Fust an estimate was prepared on the as
sumption that the dykes iemained intact and
all flooding was pievented behind the main
dyking system Such an estimate for Reach 3
18 shown as Line 1 in the Stage Damage Peln
tion on Plate 22

Second, an eslimate was piepared showing
the damages that would occur under natural
conditions 1n the absence of all dykes Such an
estimate for Reach 3 15 shown in line 8 on
Plate 22

On the basis of these two estimates and the
data given i Table 101 a third estimate of
flood damages was prepared which shows the
damnges that would occur with piogressive
faillure of the flood defence system i the face
of higher and higher water elevations This
estimate appeais as line 2 1in Plate 22 and 1s
prepared 1n the following manner The data in
Table 10 1 indicate that mm a 38 percent flood
(29 ft At James Avenue) the 11sk of flooding
1 Reach 3 1s 45 percent This means that fox
such a flood the damages caused by floodine
behind the main dyking system would “mount
on the average to 45 peicent of the additional
damages that would result friom the absence of
any flood defence Accordingly the correspond
ing point for line 2 15 plotted 45 percent of the
distance from line 1 to line 8 at an elevation
of 7546 the elevation 1eached by a flood of
this frequency at Redwood Biidge Other points
on line 2 are plotted in a simila1 way Thus line

2 begins to diverge from hne 1 at the elevation
where some risk of flooding behind the main
dyking system begins and gradually approaches
line 3 as higher elevations are 1eached and the
risk of flooding increases It meiges completely
with line 8 at the pomnt wheie the risk of
flooding behind the primarv line of defence
becomes 100 percent

This approach attributes to the primary de
fence system a benelit coriesponding to the
atea between lines 2 and 3 in the frequency
damage chart on Plate 22 This amounts to an
annul benefit of $850,200 for all three reaches

It the freeboaird approach’ had been adopt
ed 1t would be necessary to assume that the
dykes were completely safe to an elevation of
about 295 feet above city datum at James
Avenue 1n order to give the dyking system this
same annuil benefit Thus, in effect our ap
proach attributes a very substantial part of the
benefit that anises from the elimination of the
more frequent floods to the primaiy defence
dyking system Benefits attributable to the
Gieater Winmpeg Floodway and other projects
are additional benefits that aiise from the el
mination of damnges 1n the larger, less frequent
floods, damages which cannot be prevented by
the main dyking system

The appioach used by the Commission 18
conservative since the attmbution of a smaller
benefit to the main dyking system would have
left 2 laiger benefit for other projects and
would have resulied in higher benefit-cost
12t108 on these projects

Having adopted this basis for the treatment
of the dyking system, benefit cost ratios were

Table 10 2

BENETIT COST ANALYSIS
GRFATER WINNIPEG FLOODWAYS

AveraLe
Annuil Cost Annual Bencfit Co t
Project Design Capital Cost 1t 4 Pereent Renefit Latio
20 766 Floodw 13 $50 220 000 41 645 500 5 505000 302
40 768 Floodwav 41 724 000 2 30”400 7 595 000 330
60 769 Bloodway 57 361 000 3161700 9 127 200 259
80 765 Tloodwas 71 426 000 3931 500 10 151 400 258
100 770 Noodwax 77 485 000 4 275 900 10 105 300 243
Tnciese Incremental
m Incrense m Benchit Cost
Increase in Size of Floodw an Anual € nst Annuil Bencfit Ritho
Trom 0 to 20000 efs ST 670 %00 %3 03% H00 302
Trom 20 000 to 40 000 ¢ f 627 600 2536 500 104
Trom 40 000 to 60 000 ¢ [ $5% 200 1532 200 179
From 60 000 to 80 000 ¢ f 770 100 1021200 133

NorL Floodway designations refer to tl ¢ capacitv of the floodway 1n thousands of cubne feet per second for 1 given water surface

elevation at the floodway inlet
elevation at the inlet of 76C feet above mean sen lescl

Thus 20 766 indies es a floodway with 1 capacity of 20 000 second feet for a water surface

Annual benefits are based on income and property values in exiatence 1 19,7

71



BENEFIT COST ANALYSIS

then calculated for wvarious flood protection
measures This was carried out first consider
Ing each pioject by 1tself This analysis ind:
cated that certain projects could be eliminated
and provided a basis for judging the relative
ments of the remaimning projects

1 Diversions

(a) Greater Winnipeg Floodway

Before evaluating the benefits of the Greater
Winnipeg Floodway 1t was necessary to decide
how the control stiucture just below the flood
way Inlet should be operated Two alternative
methods of operation were considered

With the first method when the river level
in the city approached the top of the dykes
which would oecur at a flow of about 80 000
c¢fs, the water level above the contro] struc
ture would be raised above the natural level,
thus diverting more water down the floodway
and keeping water levels within the city below
the top of the existing primary dyking system
This method of operation would afford more
protection to Greater Winnipeg but 1t would
ra15e water levels upstream of the intake struc-
ture and cause some additional damage 1n that
area

In the second method of operation, the con
trol structuie would be operated at all times
to keep the upstream water level at the same
elevation as 1t would have reached in the ab
sence of a floodway

Although the Commission 1 ecognmzed that the
fiist method of operation offered some addi
tional margin of protection to Winmpeg and
would attribute larger benefits to the floodway

they decided to adopt the more conservative
basis of estimation afforded by the second
method An analysis of benefits carried out on
this basis indicates that all floodways in the
size range from 20,000 e¢fs to 100000 cfs
have favourable benefit cost ratios (Sce Table
10 2) The highest ratio, 3 30 1s shown by the
40 000 cf s floodway But even a floodway with
a design capacity of 100000 c¢fs has an over-
all benefit cost 1atio of 2 43

ITowever, when consideration 1s given to 1n
cremental benefit cost ratios it becomes evident
that 1t would not be economical to build a flood
way with a capacity much m excess of 80,000
cfs This relationship between average and
meremental benefit cost ratios 18 shown In more
detail ;n Plate 23 This Plate shows that the
mcremental benefit cost ratio falls to 10 at a
floodway capacity of about 90000 ¢fs Up to
that point, the additional cost of increasing the
s1ze of the floodway 1s moie than offset by the
additional benefits this increase in size pro
vides Beyond that point the additional benefits
fall below the additional cost of providing them
All of the above ratios are based on the benefits
derived from present property and incomes
only They make no allowance for the add:
tional benefits justified by the prospective
growth of the Greatcr Winnipeg Area (See
Chapter 9)

Not only the favourable benefit cost ratios
but a number of other considerations recom
mend the Greater Winnipeg Floodway It pro
vides a fanly uniform degiee of protection to all
parts of Greater Winnmipeg Since 1t 18 located
on the mamm stem of the Red River it will
provide dependable piotection to the city for

Table 10 3
DISTRIBUTION OF FLOWS GREATER WINNIPEG FLOODWAY
NaTUural, CONDITIONS Wirg 1 LoopwWAYS 1N FAISTENC)
Peak Flow Assmiboine Flow at Flow 1n Floodway
at Flow at Floodway
Redwood Headingley Inlet 40 768 60 768 80 768
(1) (2) (3) 4) (5) (6)
(Thousand cubic feet per second)
40 8 32 35 48 74
60 9 51 127 17 3 253
80 12 68 215 307 42 3
100 16 84 308 45 3 610
120 20 100 368 547 732
140 23 117 406 60 o 806
160 28 132 435 649 863
180 32 148 46 4 69 3 920
200 34 166 49 4 739 98 0
220 37 183 525 785 104 0

No1e The flow m the nver ch innel below the floodw sy inlet can be obtained by subtracting columns (4) (5) or (6) from Column
(3) The flow at Main Street or Redwood Bridge with the floodway 1n existence can be obtained by adding this latter result to

Column (2) For example if 1 40 768 floodway had been constructe

then m 1 flood that would hive resulted 1n a flow of 160 000

cfs at Redwood Brid_e under natural conditions the flow 1 the rniver Channel below the floodway 1nlet would be 88 500 ¢ f s
(182,000—43,500) The flow at Main Street or Redwood Bridge would be 116,500 ¢ f 8 (88 500-+-28,000)
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BENEFIT-COST ANALYSIS

any likely distrmbution of flows from the Red
and Assiniboine Rivers It can be made large
enough to provide almost any required degree
of protection to the city Once constructed, 1its
capacity could be increased significantly at a
later date, if additional protection was desired,
by lining the channel and increasing the velocity
of flow It intioduces no additional hazards for
the cty and it would create only a minor
amount of inconvenience or dislocation during
the period when 1t was under constiuction All
of these considerations made 1t evident that the
Greater Winnmipeg Floodway would rank high
among those projects from which a final selec-
tion was made

vides dependable protection Thus, 1t was clear
that a floodway should provide the foundation
of any flood protection plan for the aty

(b) The Portage Diversion

The amount of flood protection that the
Poitage Diversion will provide for Greater
Winnipeg depends on a number of factors

In part 1t depends on the amount of flow
which the Assmiboine River contributes to the
flood peak at Redwood Bridge The greater this
contribution, the moie flood protection the
diversion will afford

In considerable degree, also, the effective-
ness of the Portage Diversion depends on the

Table 10 4

EFFECTS OF 25,000 CFS PORTAGE DIVERSION
UPON FLOW AT HEADINGLEY

Naturar CoNDITIONS Wite A 25,000 ¢ Fs DIVIRSION
Discharge

Flow at Flow at, Flow beyond TFlow at Reduction at
Portage Headinglev Portage Hedingley Headingley

(1) (2) 3) (4) (5)

(2) - (4

15,000 15 000 15 000
20,000 20,000 20,000
25 000 22 000 22 000
30,000 24 500 5,000 2 000 19,500
35,000 26,600 10,000 10 000 16 600
40,000 28,500 15 000 15 000 13 500
45 000 30,000 20 000 20,000 10 000
50 000 31,700 25,000 22,000 9,700
55,000 33 200 30,000 24 500 8,700
60 000 34 500 35 000 26 600 7,900

The benefits attributed to each of these
floodways were calculated fiom frequency-dam-
age charts Discharge-elevation curves and fre-
quency-damage cuives for the 40-768, 60-768
and 80-768 designs of the floodway are shown
m Plate 24 OQOur pieliminary analysis mdicated
that any final selection would come from the
size range covered by these three designs For
different flows at Redwood Bridge under
natuial conditions, Table 10 3 shows the amount
which, on the aveirage, could be expected to
come down the Red and Assiniboine Rivers and
the volume of water that would flow through
each of these same three floodways, if they
were constructed

Of all the projects considered by the Com-
mission 1t was cleaily evident that the floodway
alone met all the key requirements needed in
any flood protection project for Greater Win-
nipeg It does everything any other plan would
do and more than most It 1s the only plan that
provides an adequate degree of protection for
the city at a reasonable cost Moreover, be-
cause 1t 15 located on the river which contri-
butes the major part of any flood flow, 1t pro-
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amount of overflow that occuirs on the Assini-
boine River once the channel capacity of the
river 18 exceeded, and on what happens to this
overflow When the river overflows 1ts banks
much of the overflow never returns to the nver
but goes into overland storage or flows south-
east along the LaSalle River and enters the Red
Raver at St Norbert At very high flows, some
ofbthe water also flows north mmto Lake Mani-
toba

The flood water that goes into overland stor-
age or flows into Lake Manitoba will have no
effect on the flood peaks in Greater Winmpeg
In addition, to the extent that the flow which
reaches Winnipeg via the La Salle and Red
Rivers 1s delayed until the flood peak 1n Win-
mpeg 18 past, there will be no contribution to
flood peaks at Redwood Bridge However, 1n
the larger floods, it 18 anticipated that some of
the overflow to the Red via the La Salle would
arrive 1n time to increase the flood level 1n
Winnipeg

One peculiar result of this overflow 1s that a
Portage Diversion with a given capacity may
provide more flood protection to Winmpeg 1n
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floods of moderate size than 1t does 1n larger
ones This 15 evident from the data in Table
104 These data show the extent to which a
25,000 ¢ fs Portage Diversion will reduce the
flow entering Winmpeg wvia Headingley for
different sizes of flood flow at Portage la
Prairie Thus, when there 1s a flow of 25,000
cts at Portage la Prairie, the flow 1n the
Assimiboine can be diverted entirely into Lake
Manitoba and, as a result, the flow entering
Winnipeg via Headingley will be reduced by
22,000 ¢fs The remammng 3,000 ¢cfs would
have gone into overland storage i any case
In contrast, when a flood of 50,000 ¢ fs occurs
at Portage la Prairie, the 25,000 ¢ f s diversion
will only reduce the flow at Headingley by 9,700
cfs This difference reflects the fact that in
larger floods, a substantial part of the water
which 1s diveited into Lake Manitoba would
have gone 1nto overland storage under natural
conditions For this reason, only part of the
diversion’s capacity 1s effective 1n reducing the
flow at Headingley

This can be shown in detail as follows En-
gineering estimates mdicate that when a flood
level of 50,000 ¢fs (see Column 1) occurs at
Portage la Prairie only 31,700 cfs (See
Column 2) reaches Headingley If 25,000 cfs
18 diverted out of the river at Portage la Prairie
the flow below Poitage will be 25,000 cfs
(Column 3) and engineering data indicate that
22,000 ¢fs (Column 4) of this will reach
Headingley Thus, at a flood level of 50,000 ¢ f s

at Portage, the diversion will reduce the flow
at Headingley from 81,700 cfs to 22,000 ¢fs
o1 by 9,700 ¢ £ s (Column 5)

As a result of this effect, at hugher flows on
the Assmibome River a larger diversion may
be relatively more effeclive than a smaller one
Thus 1n the example cited above, a 40,000 ¢fs
diversion would have reduced the flow at Head-
ingley to 10,000 cfs, giving a reduclion at
Headingley of 21,700 ¢fs This 18 more than
twice as large as the reduction produced by a
25,000 ¢fs Portage diversion for this parti-
culay flow (50,000 cfs)

In assessing the effectiveness of the Portage
Diversion 1t must be recogmized that the flood
protection 1t affords 1s that which 15 provided
on the average In the 1950 flood, the contri-
bution of the Assmiboine River to the flood
peak at Redwood Bridge was only about 8,000
c¢fs Thus, the maximum flood protection a
diversion at Portage could have given Win-
nipeg 1 1950 would have been that provided
by the elimination of this 8,000 ¢fs There 1s,
however, reason to believe that the flow on the
Assmiboine River i 1950 was unusually low
If a flood of the 1950 magnitude were to recur
the contribution of the Assimiboine River could
easilly amount to 20,000 ¢fs or more Our
estimates show that on the average a flow of
16,000 cfs on the Assiniboine at Porlage la
Prairie can be expected whenever thete 18 a
flow of 100,000 c f s at Redwood Bridge Never-
theless, because i a paiticular flood the actual

Table 10 5
BENEFIT COST ANAI YSIS — PORTAGE DIVERSIONS
Total Average Benefit-Cost
Project Size Camtal Cost Annual Cost Annual Benefit Ratio
Hrion Brurr
10 000 ¢ f s Diversion $ 5 709,000 $ 342,800 $2,357 800 6 S8
25,000 ¢ f s Diversion S 672,000 506 200 4,586,600 906
40,000 ¢ f s Diversion 10 861,000 630,100 5 436,900 ] 63
Fort 1A REINF
10,000 ¢ fs Diversion $ 6 584,000 & 396,100 $2,357,500 5935
25000 ¢ fs Diversion 11 010 000 635 900 4 586,600 721
40 000 ¢ f s Diversion 14 097 000 803 100 5 436,900 677
Incremental
Increase 1n Increase in Benefit-Cost
Increase in Size Annual Cost Annual Benefit Ratio
Hie BLuir
From 0to 10,000 cfs $ 342,500 $2 357,500 6 S&
From 10,000 ¢ fs to 25,000 ¢ fs 163 400 2 225 8300 13 64
From 25,000 cfs to 40,000 cf g 123 900 K30 500 6 86
Fort 1A REINF
From 0t0o10000c¢fs $ 346 100 $2 357 800 59,
From 10,000 ¢cfs t0 25000 ¢ s 239 800 2,228,800 929
From 25,000 cfs to 40000 ¢ s 167,200 850,300 509
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BENEFIT COST ANALYSIS

flow on the Assimbomme may either exceed or
fall short of this average expected flow the
flood protection afforded by a Portage Diversion
to Greater Winmpeg 18 less dependable than
that provided by flood protection works on the
Red River

To assess the flood protection that the Poitage
Diversion would provide for Greater Winnipeg
stage dischaige and frequency damage curves
weie prepaled showing the effects of the diver
sions with design capacities of 10000 cfs,
25000 efs and 40000 ¢fs These curves aie
shown n Plate 25 Corresponding cuives show
o the effects of these three Portage Diver
sions 1n the area between Portage la Pianie
and Winnipeg are shown in Plate 26

Benefit cost ratios for all three Portage
Diversions are extremely high (See Table 10 5)
Thus on the High Bluff route, ratios ot 6 88
9 06 and 8 63 wete obtained for the 10000 ¢f s
25000 cfs and 40 000 ¢ fs diversions respec
tively Because of the higher cost, benefit cost
ratios for the Fort La Reine route were some
what lower For the incremental benefit cost
1atios 1 peak 1s reached at some point between
a 10000 ¢fs and 15,000 ¢fs capaaty and
beyond that point these ratios begin to fall A
more precise analysis of the incremental ratios
1s shown in Plate 27 The data i this chart
mdicate that for the High Bluff route the in
ctemental benefit cost ratios reach a peak of
just over 150 at about 12000 c¢fs and then
fall steadily 1eaching 10 at a capacity in excess
of 40 000 ¢ f s Ratios on the Fort La Reine route
would be shightly lower than this but would
follow a similar pattern

Thus these datn indicate that the Portage
Diversion would be an extremely beneficial
flood control project A 25000 ¢fs Ilich Bluff
Diversion for example, would yield annual
benefits that were over nine times as large as
1ts annunl cost Moreover the ineremental bene
fit cost ratios 1ndieate that 1t would be econo
mical to inerense the size of the project to a
capcity of about 40 000 efs Up fo that point
the additional benefits obtuned exceed the
additionnl costs by a substantial margim Tt
provides a significant degree of flood protection
not only to the City of Winnipeg but to the
faiming aiea betwcen Portage la Prairie and
Winnmipeg as well

(¢) Eastern Trnibutaries Diversion

On the basis of data given in the report of
the Ped Raver Basin Investigation 1t was
ectimnted that the operation of the Eastern
Tributares Diversion would produce dischaige
reductions varying from about 4000 ¢fs for a
flood of the 1948 magmtude up to & 000 to 9 000
cfs for floods of over 200 000 cfs Its opera
tion produces stage reductions of between 10
and 2 feet in Greater Winnipeg, and an average
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stage reduction of 5 feet at St Norbert and 3
feet at Ste Agathe and 2 feet at Moiris

On the basis of a frequency damag. annlysis
1t was estimated that the operation of this
project by 1itself, with no other flood protection
woi ks except the present dyking system 1n exis
tence would produce annual benefits of $1 457
300 in the Greater Winnipeg area and annual
benefits of $26 600 in the Red River Valley
Annual costs would amount to $652 000, thus
gving < benefit cost ratio of 228 However
since the imtial flood piotection to Greater
Winnipeg c¢an be provided much more econo
mically by other methods this relatively favour
able 1atio cannot be used to justify the con
struction of this project The incremental bene
fit cost ratio obtained when the Eastern Tribu
taries Diversion 1s considered 1n combination
with other flood protection works 15 discussed
m Chapter 11

2 Storage Reservoiwrs

(a) Russell Reservoir

A storage reservoir on the Assimbomne River
near Russell Mamtoba would not only provide
flood control benefits throughout the length of
the villey and in Greater Winmpeg but 1t would
also make 1t possible to mamntain higher mmi
mum flows mn the 11ver dusing dry periods Both
flood eontrol and water supply benefits have
been ncluded in this analysis

Tor the City of Brandon and the valley area
1bove Portage la Prairie flood control benefits
weie based on the fiequency discharge chart
given 1n Appendix 5 of the Assiniboine Report
(Sce Plate 18) This plate indicated that the
Russell Reservorr would reduce the natural
flows by amounts ranging from 7,000 ¢ fs for a
10 percent flood up to 14000 c¢fs for a 1
peicent flood

For the rural area east of Portage la Prairie
and for the City of Winmpeg the effects of
the Russell Reservoiwr were analyzed on the
assumntion that it would produce a reducfion
0of 10000 ¢ fs at Portage la Prairie This con
clusion 15 supported by the data given 1n Table
10 6, which show the effects the Russell reset
voir would have had at Brandon 1n a number of
historical floods and one theoretical flood The
reduction in flows in the City of Winmpeg that
have been attributed to the Russell Reservoir in
this analysis are somewhat large:r than those
shown for Headingley in the Asstmboine Report
(see Appendiz 2 p 28) This difference reflects
the allowance that has been made for the re
duction 1n flows reaching Greater Winmpeg via
overflow from the Assimibomne to the Sale
River It has been assumed that the Russell
Reservoir would be operated to gmve relief to
Brandon and other aieas sub ect to flooding
even though this would prevent achievement of
1 maxmmum reduction in Winnipeg The stage
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discharge curves, and frequency damage curves
that were used 1n the calculation of these bene
fits are shown in Plates 20, 28 and 31

Any mmprovement 1n low water flows on the
Assmiboine River would benefit Greater Win-
nipeg and a number of towns and cities along
the river such as Brandon and Portage la
Prairie In Greater Winnipeg this benefit would
arise mainly from the better sewage dilution
that this improvement would provide For Bran-
don and Portage la Prairie 1t would provide a
more dependable potable water supply as well
ag giving better dilution of sewage The bene-
fits that would arise from these improvements
have been evaluated in the following manner

It has been estimated that a guaranteed mini-
mum flow of 2,100 ¢fs at Redwood Bridge
would relieve the Greater Winnmpeg Samtary
District from the necessity of ever converting
1ts existing plant to secondary treatment, al
though future plants 1n the suburbs would
provide both primary and secondary treatment
The saving effected 1 this way would amount
to about $492 000 1n annual terms

Simce minimum summer flows at Redwood
Bridge now amount to about 250 ¢ fs the add:
tional flow requmired 1s about 1,850 ¢fs The
Russell Reservoir could provide a mimimum flow
at Headingley of 600 ¢ f s instead of the present
160 cfs or about 24 percent of the additional
flow needed Accordingly 1t was assumed that
a benefit of 24 percent of $492 000 or $118 000
could be assigned to the Russell Reservoir for

Table 10 6

EFFECTS OF RUSSELL RESERVOIR
CITY OF BRANDON

Reduction by

Year of Flow without Flow with Russell
Flood Reservoir Reservoir Reservoir
cfs cfg cefs
1% 36 500 23 000 13 500
1923 23 000 11000 12 000
1922 21 300, 10 000 11 300
1927 17 100 9000 8100
1948 15 900 9 000 6 900
1913 14 900 8 000 6 900
1936 10700 6 000 4700
1916 9 140 8000 1140

Source Report on Conservation and Flood Control
Assimibowne Rwer Appendix 2 Fig 12 and p 28

its sewage dilution effects in Greater Winnipeg
The balance of the additional water needed to
provide the required minimum flow at Red
wood Bridge might be obtained from a water
supply channel from Lake Manitoba to the
Assimibomne River as proposed in the Report of
the Lakes Winnipeg and Mamtoba Board

For the cities of Brandon and Portage la
Prairie, information provided by the Public

Health Department of the Province of Mani-
toba indicated that no significant sewage dilu-
tion benefits cin be assigned to the Russell
Reservoir Brandon has reached a size where
primary sewage tieatment has become neces-
sary 1rrespective of whether the Russell Reser
voir 18 constructed or not Once this degree of
treatment has been installed natural river flows
should be sufficient to provide the dilution
needed for the effluent of the primary treat
ment plant Portage la Prairie 1s mtroducing a
lagooning system and Camp Shilo now has both
primary and secondairy treatment

In assessing i1equitements for potable water
1t must be recognized that flows on the Assini-
bomne River are much more stable than those
on the Red River Thus 1n the forty one years
of record covering the period from 1917 to
1957, there have only been 43 d1ys during which
the mmimum daily flow fell below 20 ¢fs at
Brandon and only 216 days in which it fell
below 40 ¢ f s During this same 41 year period,
at Portage la Prurie which can be assumed to
have about the same minimum flow as Heading
ley there have been only 12 days 1n which the
flow has fallen below 40 ¢ fs and only 43 days
in which 1t has fallen below 60 ¢ fs The lowest
minimum flow on record ot Brandon 18 7 efs
which was 1eached on February 21 1942 and at
Headingley 1t 18 20 ¢ fs reached on December
11 1936 Average daly water consumption
currently amounts to 438 ¢fs 1n Brandon and
24 c¢fs 1n Portage la Prairie

Because water supply 1s plentiful mn most
periods benefits attributable to the improve
ment of minimum flows must be hmted to the
cost of the most economical method of over-
coming the relatively short periods of excep
tionally low flows No detailed analysis was
made of what these methods might be On a
fairly arbitrary basis annual benefits of $10,-
000 were assigned for the effects of Russell
Reservoir i finding an improved water supply
to Brandon Portage la Prairie and other towns
along the Assmiboine River This would permit
the expenditure of a capital sum of about
3200 000 for projects designed to alleviate any
oceasional water supply problems Benefits sig-
mficantly Iarger than this may be properly
attributable to the Russell Reservoir but no
further exploration of this pioblem has been
made

Thus the total annual water supply benefits
assigned to the Russell Reservoir amount to
$128 000 Of this toftal $118 000 1s for benefits to
Greater Winnipeg, and the remamming $10 000
1s for benefits on the Assimiboine River up-
stream from Winnipeg

The method of operation for the Russell
Reservoir proposed in the Report on Conserva-
tion and Flood Control Assinmiboine River 1s as
follows Prior to the break up each spring a
forecast of the runoff would be made and the
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reservoir would be emptied to the extent neces
sary to permit storage of the total runoff If
the predicted runoff exceeded the reservoirs
capacity 1t would be emptied completely Of the
total storage capacity of the reservoir, 450,000
acre feet some 350 000 acre feet has been as
signed for low water regulation leaving 100,000
acre feet for the control of summer floods
Because the regervoir can be completely emptied
within about three weeks 1t 1s not anticipated
that there would be any sigmificant conflict
between operating the reservon for the mamn
tenance of low water flow and 1ts use for flood
control purposes

The benefit cosl ratio for Russell Reservoir
considered as a separate pioject 1s 6 18 a hign
er ratio than has been obtained on any project
other than the Portage Diversion Costs, bene
fits and the benefit cost ratio are as shown
below

RUSSELL RESERVOIR

Capital Cost $6 450,000
Annual Cost 3383 900
Annuil Denefils 2 062 400
Benefit cost Ratio 618

The high benefit cost ratio obtained on this
project indicates that it deserves to be consider
ed seriously as a component 1 any combination
of projects finally selected

(b) Ste Agathe Detenfion Basin

Evaluation of the Ste Agathe Detention
Basin 15 complicated because of the additional
damages that this proposal will cause 1n the area
to the south of the dam Two different ap
proches were examined In the first or adds
twonal daomage approach, the additional damages
that would be caused by the operation of the
dam weie estimated placed on an annual basis
and deducted fiom the annual benefits that the
proposal would provide This approach 1s sumlar
to that used by the Red River Basin Investiga
tion It differs .hightly fiom then appioach in
asmuch as they capitalized the additional annual
damages and added them to the actual constiue
tion cost of the proposal whereas 1n this analy
15 the additional flood damages eau<ed by the
proposal were deducted from the benefits pro
vided 1n the aiea to the north of the proposed
dam The net annual benefits obtaned m this
way were then compared with the annual cost
of the plan to obtain a benefit cost ratio

In the second, or flooding rights approach it
was 1s.umed that hefore the proposed detention
basim could be operated 1t would be necessary to
acquire flooding rights from individual property
holders mm the nrea affected These flooding
nights would be written into land titles 1n the
ares affected by the detention hasin’s operation
and would gmve flood control authorities the
right to flood additional land and property 1n

M

the Red River Valley south of the proposed dam
or the right to flood property already affected
by floods to a greater depth and more frequent-
ly The cost of these flooding rights are added
to the construection cost of the project and thig
total capital cost piovides the basis for a
second benefit cost ratio

Under both approaches 1t 18 necessary to re
cognize that some of the benefits attributable to
a flood sto1age project such as the Ste Agathe
Detention Basin may be lost 1f mistakes are
made 1n forecasting the size and peak dates of
different floods If flood storage oceurs too early
during a given flood the storage potential of
the project mav be exhausted before the flood
peak arrives For this reason, the benefit-cost
ratio on a flood stornge project should be dis-
counted to some extent when it 1s compared
with the benefit cost ratios obtained on other
projects such as 1 floodway or channel improve-
ment

Additional Damage Approach

The additional damages that would be caused
in the Red River Valley by the operation of the
Ste Agathe Detention Basin were estimated by
the Red River Basin Inveatigation In our study
these estimates were revised mn the following
ways Damnges to property were mcreased by
12 percent to allow for the rise m costs from
1952 to 1957 Loss of farm income was e esti-
mated on the basis of the methods adopted for
this study This revised total was then convert-
ed to an equivalent annual amount and deducted
from the annual benefits of the project

Annual benefits annual costs and the benefit-
cost ratio were as follows
Annual Benefits
Greater Winnipeg
Ste Agathe to St Norbert

$4 570 000
53,000

Total %4 623 000
Additional Annual Damages 147 900

Net Annu i Benefits $4 475 100
Annunl Costs 451,300
Benefit Cost Ratio 992

Thus using this appioach the comparatively
high benefit cost ratio of 9 92 15 obtuined How
ever 1n this approach no allowance has been
made for the additional risks of loss of Iife and
the mental stramn and anxiety whieh would re
sult from flooding an area to n greater depth
and more frequently than would oceur under
natural condificns

T'looding Rights Approach

In estimating the cost of acquiring flooding
rights 1t was assumed that 1t would be neces
sary to pay $30 per ncie to acquire the nght to
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flood farm land and buildings on an average of
once m every 100 years more frequently than
would occur under natural conditions On urban
property 1t wis assumed that the cost of ac
quiring the right to cause a1 given amount of
flood damage on the average of once 1n every
100 years would be equal to 100 percent of that
damage

On this basis the cost, benefits and benefit
cost ritio on the Ste Agathe Detention Basin
would be as follows

Cost of Flooding Rights Thousand Dollars

Urban Property % 6300
Rural Property 11 270
Cost of Construction 9234
Total Capital Cost 26 804
Annual Cost 1269
Annual Benefit 4 623
Benefit cost Rato 364

The benetit cost 1atio of 3 64 oblained undex
the floodwng rights approach 15 much smallcy
that that obtained when the edditional damayg
approach 15 use This 14 due to the fact that the
cost of acquiring flooding 1ights exceeds the
cost of the payment of property dimages and
other flood lossee In part this reflects the
known fact that 1n practice the acquisition ol
flooding rights 15 a dil{icull and expensive pro
cess In pail al o, it 1cflects the fact that {lood
mg rights give some compensation for the
anxiety and inconvenience cavsed by flooding
Because of the difficulty of estimating losses of
this type no allowance has been made for them
1 the additional dumage approwch However 1t
18 extremely doubtful whether even acquisition
ot flooding rights 18 a really practical approach
Where this approach 1s used in the United
States, 1t 18 customary to move all people out of
the area 1n which flooding 1ights are acquired
This 15 clearly not a practical approach for the
Red River Valloy Morcover even 1f this diffa
culty were overlooked and flooding rights were
acquired 1t seems likely that after 2 few years
the existence of these 11ghts would be forgotten
Thus, when the time came for flood control
authorties to exercise thewr rights 1t might be
found that many new owners would have pur
chased property in the area without any real
awareness of this claim on then propeity This
could make 1t very difficult for the flood contiol
authorities to mike thewr claim effective and
operate the dam 1n the prescribed manner

In view of the mny uncertainties mvolved 1n
the Ste Agathe Detention Dam this Commis
<1on has decided that 1t can not be recommend
ed It 1s true that 1f the additional damage
approach 18 adorpted a high benefit cost ratio 15
obtained But operation of the plan in this way
mvolves the dehiberate flooding of people n the
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valley wrea to protect residents of Greater Win-
nipeg ind the people i the valley area north of
Sie Agathe It 1s doubtful if the payment of
the additional dumages that would be caused
can be considered adequate compensation to
these people for undergoing moie severe and
more frequent flooding On the other hand if an
attempt were made to pay 1 advance for the
11ght to flood properties in the aren the addi
tional costs mvolved reduces the benefit cost
11110 for the project to a level which 1s not far
oul of line with that shown on other projects
such as the Greatcr Winnmipeg Floodway and the
rcmoval of Lister s Rapids and well below the
rat1io oblamed for the Portage Divevsion Since
these other projects mike 1t possible to plan for
a much Iirger amount of overall protection and
do not intioduce the addilional hazards and
uncettainties of the Ste Agathe Dam, they
must be clearly given preference

(¢) Pembina River Reservoir
The Red River Basin Investigation esiimated
that the operation of this reservonr could have
teduced the 1948 and 1950 flood flows by 1 100
and 1500 ¢{s Tt 1s estimated that this would
moduce the following stage reductions

Stage Reduchonsm

il 02 000 at 25000
cfs flowin cfs flow

Ped River Red Raver
Eme:sgon 03 02
Moit1s 05 02
Ste Agathe 04 03
%t Notbert 04 03
Winmper (Redwood Bridge) 03 02

If the Pembina River Neservoir was operated
by itself without any flood protection works in
exislence 1t would produce annual flood benefits
m Greater Winmipeg of $509 300 and 1n the Red
River Valley area of $27 400 Annual costs ex
cluding muntenance would amount to $251 300
The benefit cost ratio for this project consider-
ed separately 15 214 Simce 1higs project ecan
only provide a small amount of protection to
Greater Winnipeg and since its benefit cost
1at10 15 well below that obtuned on other flood
protection works such as the Greater Winnipeg
Floodway and the Portage Diversion 1t cannot
be recommended aw A primary basis of flood
protection for Greater Winmpeg The bhenefits
1t produces mm combination with other projects
are shown 1 Chapter 11

The Pembina River Reservoir might also pro
vide significant benefits in the form of a larger
and more assuied potable water supply for an
i1enr m the Red River Valley that 1s now ex
tremely shori of water This water would also
be suitable for iwriigation livestock and other
purposes Possible benefits arising from thig
wspect of the Reservoir will be discussed fur
ther in Chapter 11
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3 Channel Improvement

The flow of the Red River through Greater
Winnipeg 1s 1estiicted 1n some degree by an out
crop of 10ock 1n the bed of the river a few miles
below Winnipeg in the area known as Iasters
Rapids The Commission has been well aware
that many people in Winnipeg have held the
view that the city s flood pioblem might be
largely solved by 1emoving this rocky outciop
thus enluigmg the channel and allowing the
water to flow mote fieely Because this view has
been so widely held the Commiggion has made a
very careful and thoiough examination not only
of the possibility of channel improvement 1n
the Laster s Papids aiea but also of the feasibil
ity of extending the improvement gained in this
way through the city by improving the channel
right through the metropohtan area The re
sults of our examination of these two proposals
are presented below

(a) RemovAl of Lister’s Rapids

The Red I'iver Basin Investigation examined
22 different designs for channel improvement
below Winnipeg and from these designs selected
thiee of the most promising for further con
sideration These three Trial 12, Trial B and
Trial C showed the smallest cost per foot of
stage 1eduction at Redwood Biidge and provided
a practical degiee of stage r1eduction

Ti1al 12 mvolved widenming of the natuial
channel between Mile 40 2 and Mile 32 6 (from
just below Bergen cut off to a point 214 miles

upstieam from Old St Andrews Church) Tnal
B 1involved deepening the channel from Mile
409 to Mile 273 (from Beigen cut-off to a
point neur T ockport) with very little widening
Ti11 C mmecluded widening in addition to deepen-
g to produce a more efficient channel 1n the
sime area a8 Trial B

In evaluating the benefits attiibutable to
these projects the city was divided up into five
maun reaches and 4 representative point was
selected 1n each reach for the ealculation of
stage 1eductions and damages These five areas
and the i1epiesentative points are as follows

Ajeas Representative Pomnts
1 St Vital and Fo t Mile »3 (opposite Oaken
Gariy wald Ave)

Wimnnipeg Ward I and
St Boniface

Mile 48 (near the exten
sion of MeMillan
Ave)

Winnipeg Ward II St James Avenue

James Tuxedo Biook
lands Rosser

Wmnipeg Ward IIT
East Kildonan West
Kildonan Noith
Kildonan Old Kildonan
East and West S5t

1 aul and Transcona
The stage reductions that would result 1t each
ot these points 1f Tuals 12 B and C were pro
ceeded with have been calculated by the Pro
vincinl Water Resources Branch These stage
1eductions for different flows at Redwood
Biidge would be shown i Table 107

Redwood Bridge

Mile 42 (near Seven Oaks
Avenue)

Table 107
FLOOD STAGF REDUCTIONS AS A RFSUIT OF REMOVAL OF TISTER’S RAPIDS
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Table 10 8
BENLFIT COST ANALYSIS — REMOVAL OF IISTER’S RAPIDS
Total Avcerage Benelit Cost
Project Capital Cost Annual Cost Annual Benefit Ratios
Trial 12 %5 674 000 S 200 500 %1 201 500 4 46
Trial B 14 925 000 764 200 3 296 000 431
Trial C 29 326 000 1 501 600 5156 000 343
Ineremental
Increise 1n Inerense in Benefit Cost
Increas<e 1n Sive Annual Costs Annual Benefit Ratios
Trial 12 to Tral C 51211 100 23 861 500 319
Tral B to Tnial C 737 400 1 860 000 252

When compaied with the annual cost of these
three trials the benefits attributable to these
stage reductions provide benefit cost ratios
of 446 for Trial 12 431 for Trial B and 3 48
for Tr1al C (Sce Table 10 8)

The benefit cost ratios for all three triils are
quite favourable Incremental benefit cost ra
t10s were also prepared showing a compatison of
the additional benefit and additional cost ob
tamned {rom extending Trial 12 to the size of
Trial C and Tnal B to the size of Trial C An
meremental eomparison of Ti1al 12 ind B 1s not
justified since the foimer project involves
channel widening whereas the latter mvolves
channel deepening Increasing Trial 12 to the
size of Tiial C gives an meremental benefit
cost ratio of 8319 Incteasing Trial B to the
SIZ?Z of Trial C gives an inciemental ritio of
25

The benefit cost ratios obtained here are
much mote favom able to Lislter s Rapids than
those anticipated 1n the R P BI Report, Appen
dix E This latter report concluded (page 73)
that “The benefits that could be obtained by
these means (channel impiovements below
Greater Winnipeg) are very limited In reach
g 1ts conclusions the R P BI may have been
unduly mfluenced by the 1950 tlood 1n which the
south end of the metropolitan aiea experienced
the greatest amount of flooding However for
floods greater thin those 1n 1950 flooding be
comes much moxe extensive in the centrd atea
of the eity This 1s shown by the following table
which shows for each of the five 1eaches total
equivalent annual damages for floods of all
magnitudes

TOTAL EQUIVALENT ANNUAI DAMAGES

Reach 1 St Vital and Fort Garty  $1 331 600
Reach 2 St Boniface and Ward I 5 344 400
Reach 3 Waid II and Western
Municipalities 2 547 800
Reach 4 Ward III 2461 600
Reach 5 Northern Mumecipalhties 1,185 200
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In estimating the benefits for Tiials 12 B
and C 1n each of these five reaches 1t was
assumed that the risk of flooding within the
defence system 1 ench aiea was independent
of the 11sk 1n each of the other reaches This as
sumption requires further examination for the
mplementation of any of these three trials
will produce 1 much greater stage reduction
at the north end of the city than 1t will at the
south end At a time when the flood defences
2t Mile 53 are completely overtopped they may
be compaatively safe at Mile 42 The assump
tion that the risks 1 one reach are independent
of those in other reaches will only be justified
to the extent that flooding 1n one reich ean be
prevented from spieading to other adjacent
1eaches Tt scems hikely that if 2 moderate por-
tion of the flood fighting expenditures were
allocated to the construction of tempor 1y dvkes
at strategic intervals between the mun dyking
system and adjacent nieas of higher giound
my falue of the primuy dyking system 1n
one area could be prevented fiom spreading to
other areas To the extent that this 15 true
the assumption that the 11ske in each reach
are mndependent 1s justified

While the benefit cost 1atios for eich of the
three trials ate somewhat larger than those on
the Gireater Winnipeg Floodway a number of
conslderations favour the choice of the Cienter
Winmpeg Floodway in prefercrce to the re
moval of Tister s Rapids as the basic core of
wmy flood protection scheme in the Greater
Winnipeg iten For suppose we compare Trial
C which has a capital cost of $29 326 000 and a
benefit cost 1atio of 343 with a 20000 cfs
floodway (20 766) which ha 4 capital cost
of $30 220 000 and a benefit cosl 1atio of 302
On both projects the capital cost and the amount
of benefits are of about the same size How
ever the benefit cost 1atios 1ndicate that a
still larger measure of flood protection 1s justi
fied 11 the Greater Winnipeg area than would
be provided by either of these projects, and
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the 1ncremental benefit cost ratios give a clear
preference to the floodway scheme The mcre-
mental benefit cost ratio obtained by increasing
the size of the floodway from 20000 ¢fs to
40000 cfs 1s qute laige 404 whereas for
removal of Tasters Rapids the inciemental
ratio for the extension fiom Tnal B to Trial C
15 252 and since this ratio 1s dechning as the
s1ze of the project imcreases, 1t would undoub-
tedly be still smaller for any further extension
n size

Not only the benefit cost analysis but other
considerations favour the floodway in prefer-
ence to the removal of Lister s Rapids The
degree of protection provided to various parts
of the city 1s more uniform 1n the case of the
floodway than 1t 1s for Lister's Rapids which
offers a large stage reduction in the north
end of the aity and only moderate or very small
stage reductions m the south end of the city
Further as was pomnted out in Chapter 4, the
removal of ILasters Ramds would result in
higher river velocities in the city and this would
1esult i mcieased erosion and a possible dam
aging effect on bridge piers On the other hand,
the removal of Lister s Rapids would improve
navigation below Greater Winmpeg

Accordingly the Commission decided to
choose the Greater Winnipeg Floodway 1n pre
ference to the removal of Lister s Rapids as the
basis of a flood protection plan for Greater
Winnipeg However because of the high bene
fit cost ratios obtained for Trial 12 and Tral B
1t was decided that some further consideration
should be given to the possibility of usmng one
of these trnals 1n combination with the flood-
way and a Portage Diveision Benefits, costs
and benefit cost ratios for each of the three
trials are shown i Table 10 8

(b) Channel Improvement Extended through
Greater Winnipeg

As was explained in Chapter 4, at the Com
mission s request, an engineering study was
prepared of the stage reductions that would be
obtammed 1f channel improvements in the Laster s
Rapids area were extended upstream through
out the Greater Winnipeg area Three plans
were studied i detall Each plan provided for
channel 1mprovements both through and below
Greater Winnipeg

The benefit cost ratios obtained on these
three plans were as follows

Plan No 1 (110000 ¢cfs) — 209
Plan No 2 (130,000 ¢fs) — 162
Plan No 3 (140000 cfs) — 149

Although these benefit cost ratios are all
larger than 1 0, they are much less favourable
than those obtained on the Greater Winnipeg
Floodway For example an expenditure of
$66 547,000 on channel improvements gives an
annual benefit of only $7 120 000 and a benefit
cost ratio of 209 whereas an expenditure of
$57 361 000 on a 60 000 ¢ £s floodway gives the
larger annual benefit of $9 127 200 and a bene
fit cost rafio of 289 Thus the Greater Win-
nmpeg Floodway 13 clearly a much moie economic
scheme for flood control 1 Greater Winmpeg
than a plan for channel improvement through
the city Moreover for the two larger channel
mmprovement schemes the incremental benefit-
cost ratios are below 10 On the basis of these
data the Commission concluded that this scheme
did not deserve further consideration Benefits,
costs and benefit cost ratios for these three
schemes are given m Table 10 9

Table 109
BENEFIT COST ANALYSIS
CHANNEL IMPROVEMENTS BELOW AND THROUGH WINNIPEG

Total Average Benefit Coat
Project Demign Capital Cost Annual Cost Annual Benefit Ratio
Scheme No 1 (110000¢fs) 8 66 547 000 $3 407 600 $7 120 000 209
Scheme No TII (130000 c¢fs) 106,936 000 5475 700 8 857,500 162
Scheme No III (140000 c¢fs) 122 949 000 6 295 600 9 395 000 149
Incremental
Increase 1n Increase 1in Benefit Cost
Increase 1n Size Annual Cost Benefits Ratio
To Scheme No I $3 407 600 %7 120 000 209
From Scheme No I to Scheme No II 2 068 100 1737 500 84
From Scheme No II to Scheme No III 819 900 537 500 68
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(c) Channel Improvement South of Winnipeg

Two schemes for channel widening in the area
south of Winnipeg were given preliminary ana-
lysis The st scheme would provide for a
channel with a capacity of 95,000 ¢fs from St
Norbert to a pomnt 101, miles south of Ste
Agathe Its capital cost would be about $14
milhon The second scheme would provide at a
capital cost of $50 million for a sumilar channel
from St Norbert to Emerson Under both
schemes an addition would have to be made to
the Greater Winmipeg Floodway to offset the
loss of natural storage that this scheme would
cause The cost of this addition has been est
mated at roughly $10 million Thus the totial
cost of the two schemes would be of the order
of $24 million and $60 million respectively

No detailed benefit cost analysis of these
schemes was carried out since prehminary data
mmdicated that expenditures of this magmtude
would not be economically justified Even 1f all
tlooding 1n the area south of Winmpeg were
completely elimnated the capital expenditure
that would be justified to achieve this would
be only $15 712,000 Since each of these schemes
would cost a good deal moie than this and since
they would each eliminate only part of the total
damage 1t 1s clear that the benefit cost ratio for
both schemes would be well below one Thus
the Commission has been forced to conclude
that a channel improvement scheme designed to
reduce flooding m the valley area south of
Winmpeg would not be economically justified

4 Dykes

(a) Dyking System i Greater Winnipeg

The Report of the Red River Basin Investiga
tion advances a proposal for a system of dykes
through Greater Winnmipeg that would provide
gr(gtectlon to a level of 285 feet above city

atum

To analyze this proposal 1t was assumed that
the existing dyking system 1s safe to Stage 25
feet This provides a freeboard allowance of
114 feet It wag further assumed that the dyk
g system proposed would be completely safe to
2814 feet above datum, the design level which
allows 3 feet of freeboard A stage of 281/
feet corresponds to approxmmately 95,000
c¢fs at Redwood Bridge or a 314% flood

The capital cost of bualding dykes up to Stage
2814 feet wag assumed to be $10 million and to
require a construction period of two years This
allows an increase of $1 million over the cost
estimated by the RRBI to cover increased
construction costs and the 1ise 1n the cost of
property acquisition since 1952 On this basis
the following annual costs and benefits were
obtained
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Total annual benefits of dykes

safe to 2815 feet $711 000 00
Annual beneflits on dykes safe

to Stage 25 $129 500 00
Additional benefits {iom 1n

cteasing dykes fiom 25 to

281/, feet $581 500 00
Annual cost at 4% nterest of

additional dykes $484 100 00
Bencfit cost ratio on construc

tion of additional dykes 12

The benefit cost ratio for this project 1s quite
low for a piroject considered separately and
would undoubtedly be below 10 1t 1t were
considered 1 combination with other projects
Ir addition the costs estimatied by the Red
River Basin Investigation appear to be on the
low side Since the benefit cost ratio 15 com
paratively low and since 1aising a dyking sys
tem often creates an unwarranted feeling of
confidence and induces additional building in
low lying aieas, the Commuission decided that
this proposal did not desexrve further considera
tion

(b) Exusting Dykes City of Bi indon

The existing dyke in the City of Biandon
which protects a setfled aiea 1n the Brandon
tlats on the south side of the 1iver was con
structed between 1954 and 1956 at 4 cost of
$50 000 With some emeigency woik, 1t with
held the spring floods of 1954 1955 and 1956
the peak flow at Brandon during this period
being 18 900 ¢ fs The top of the present dyke
corresponds to a flow of about 29,000 ¢fs

In evaluating this dyke an allowance of 114
feet was made for freeboaid With this amount
of freeboaird 1t ean be assumed that the dyke
would be safe for flows of up to 21,000 c¢fs
On this basis the benefit cost ratio 1s 799 to 1

Capital Cost of Dykes $50 000

Annual Cost (including interest &
amortization) $ 2470

Annual Benefits Basis 115 Fect
Freeboard $19,740

The high benefit cost 1atio shown by the
existing dyke at Brandon might suggest the
desirability of improving and strengthening this
dyke However there aite some additional haz
ards and costs not included in this ratio For
example, the above costs do not include any
provision for maintenance o1 for the cost of
pumping sewage over the dyke in flood periods
Fumther, simmce there 18 no shortage of good
residential land in the Brandon area 1t would
be undesirable to take any steps that would
encourage the construction of additional proper
ties 1n the flats Then too 1f the Russell Reser
vorir 18 constructed 1t will provide a substantial
amount of additional protection to this area
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Thus, this Commission cannot recommend any
turther addition to the present dyke in Brandon

(c) Dyhes Red River Valley

A pieliminaiy analysis of the benefits that
would be provided by a system of dykes on
either side of the Red River fiom St Noibert
to about Letellier mmcluding ring dykes around
eight towns ind wvillages gave the following
result

Capital Co.t

Valley Dykes $8,384 000

Ring Dykes 1337 000

Total $9,721 000
Annual Cost $ 475,000
Annual Benefit $ 191 200*
Benefit cost Ratio 40

Since the benefit cost ratio was well below 10
no twther consideration was given to this
project

A separate analysis was made of a 11ng dyke
for the town of Morris This proposed dvke
would give the town protection to an elevation
ol 7827 feet or one foot above the 1950 flood
peak In analyzing this project 1t was as.umed
that the dyke would be 100 percent effective to
clevation 7797, o1 tiwo feet below the 1950
ilood level This allows three teet of fieeboard
The following 1esult was obtained

Camtal Cost $403 100
Annual Cost $ 19700
Annual Benefil $ 83,900
Benef1t cost Ratio 4 26

This favourable ratio wouwd suggest that ring
dykes for other towns in the valley might be
economical

* Does not include any allowance for tt e ac ditional damage that would be
caused to buiidings situated between the dykes and the river
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CHAPTER 11

BENEFIT-COST ANALYSIS OF
PROJECTS IN COMBINATION

When two or more flood protection schemes
are considered 1n combination 1t 18 usually
found that the total annual benefit provided by
the combination 1s substantially less than the
sum of the benefits obtained from each of the
projects considered separately This s due to the
fact that 1n considerable part the capacity of
the separate schemes provides duplicate pro
tection for smaller floods It 1s only in the
larger less frequent floods that this duplica
tion disappears For largely the same reasons
the incremental benefit cost ratio for any pro
ject considered as an addition to some existing
project 1s sharply lower than its own separate
benefit cost ratio

In order to make some selection among the
many different possible combinations of pro
jects the following approach was adopted As
was explained in Chapter 10 1n our imitial sur
vey of individual projects 1t was deteimined
that the Greater Winnmipeg Floodway should
form a basic part of any combination of
schemes designed to provide flood contiol for
Greater Winnipeg Further since the Portage
Diversion provides a higher benefit cost ratio
than any other alternative plan 1t was also de
cided that 1t should form part of any combina
tion Attention was given first to combinations
of the three Portage Diversions with the 40
768 60768 and 80 768 Greater Winnipeg
Floodways Data on benefits costs and benefit
cost ratios for each of these projects are given
i Table 111 All data are for the High Bluff
rather than the Fort la Reine Diversion

The highest benefit cost ratio obtained from
these ecombinations 1s that of 3 44 for a comb:
nation of a 40 000 ¢ fs Floodway and a 40 000
cfs Portage Diversion In general im all three
cases, Increasing the size of the Portage Diver
sion 1n combination with a given size of Flood
way 1ncreases the size of the benefit cost ratio
This 18 what could be expected because the
incremental benefit cost ratios on the Portage
Diversion when considered separately remain
high right up to a diversion capacity of 40,000
cfs (See Plate 27)

Although the Greater Winnipeg Floodway
must be relied on to provide a major part of
the protection required in Gieater Winnipeg,
a diversion or retention of some 40 000 ¢f s on
the Assiniboine River 1s also justified if the
most economical form of flood protection 1s to
be provided 1n the city

Some question may be raised as to why flood
protection measures with a capacity of 40 000
c¢fs should be provided on the Assimboine
River since 1n most vears the Assiniboine River
contributes no more than 20 percent of the
peak flood flow at Redwood Bridge Its justifi
cation hes 1n the lower cost of diversion works
on the Assimiboine A Portage Diversion of
40000 efs along the High Bluff would cost
only $10 861 000 or just over one quarter of the
cost of a 40000 cfs floodway and less than
20 percent of the cost of a 60000 c¢fs flood
way This lower cost 1n large measure accounts
for the high benefit cost ratios obtained 1n the
Portage Diversion

Table 111

BENEFIT COST ANALYSIS
GRFAT1ER WINNIPEG FLOODWAY AND PORTAGE DIVERSION IN COMBINATION

Greater Winnipeg Floodways Totl Annual Annual Benefit Cost
and Portage Diversions Capital Cost Cost Benefit Ratio
(Thousands of Dollars)
40 768 plus 10000 P D $47 433 %2 646 $ 8461 320
60 769 plus 10000 P D 63 070 3505 9 336 281
80 768 plus 10000 P D 77 145 4275 10 691 2 50
40 768 plus 20000 P D 50 396 2810 9 384 334
60 765 plus 25000 P D 66 033 3 668 10 451 2 85
80 76% plus 25000 P D 80 108 4438 11 178 252
40 768 plus 40 000 P D 52 585 2934 10 087 3 44
60 768 plus 40000 P D 68 222 3792 10 839 2 86
80 768 plus 40 000 P D 82 207 4 562 11 465 20l
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BENEFIT-COST ANALYSIS OF PROJECTS IN COMBINATION

In combination with a Greater Winnipeg
Floodway, the Portage Diversion ietams its
very favourable benefit-cost position This is
particularly true of the 25,000 ¢f s and 40,000
cfs Diversions The reasons why this 1s truc
are fairly clear If a Greater Winnipeg Flood-
way with a capacity of 40,000 ¢fs were con-
structed, a reasonable degree of protection
would have been provided to Greater Winnipeg
for all floods of less than 115,000 ¢fs Thus,
the circumstances under which the additional
protection provided by the Portage Diversion
would be required would be 1n those very major
floods ranging from 115,000 cfs to 200,000
cfs or larger, and 1n floods of this magnitude
it 18 quite likely that there would be a laige
flow on the Assimiboine In controlling this
flow, a substantial degree of flood protection
on the Assimiboine River would be extremely
valuable

In order to determnine the most economical
size of floodway, let 1t be assumed that a 40,000
¢fs Greater Winnipeg Floodway plus flood
protection woirks on the Assiniboine River with
a capacity of 40,000 ¢fs have been adopted
as the core of the city’s flood protection What
additional expenditures would be justified for
mcereasing the size of the floodway? The data
in Table 11 2 provide the basis for an answex
to this question These data indicate that in
combination with a 40,000 ¢ fs Portage Diver-
sion an 1ncrease 1n the capacity of the floodway
from 40,000 ¢fs to 60,000 cfs yields an in-
cremental benefit-cost ratio of only 88 In
other words the additional annual benefit ob-
tained from such an addition to the capacity of
the floodway 1s slightly less than the cost of
providing 1t This 1s true even though the over-
all benefit-cost ratio 18 2 86 For the further
increase from 60,000 ¢fs to 80,000 cfs, the
mcremental ratio 18 lower still, being only 81
However, throughout the range of floodway
capacities from 40,000 to 80,000 ¢ £ s the addi-
tional bencfits and additional costs are fairly
close together

The benecfits 1n this comparison are based on
present property values and incomes only If

allowance 18 made for the growth now i pros-
pect for the Greater Winnipeg area, these 1n-
ciemental ratios would be about 50 percent
higher, that 15, 132 and 1 22 instead of 88 and
81 The stage-discharge and frequency-damage
charts used in the calculation of benefits for the
25,000 ¢fs and 40,000 cfs Portage Diver-
sions in combination with the 40-768 to 80-
768 floodways are shown i Plates 29 and 30
Because the separate benefit-cost ratio yield-
ed by the Laster’s Rapids removal project, Trial
B, was comparatively high, an analysis was
made to determine the additional benefit it
would provide in combination with a 40,000
¢fs Portage Diveision and a major floodway
The results of this analysis are as follows

Benef1t-Cost Ratio

Trial B plus 40-768 4 40 P D 2 87
Tiial B plus 60-768 4- 40 P D 244
Incremental

Benefi1t-Cost Ratio

For addition of Tr1al B to

40-768 +- 40P D 68
For addition of Trial B to
60-768 - 40P D 49

These data show that Tiial B would not be
economically justified when considered as an
addition to a project involving a 40,000 c¢fs
capacity Poitage Diversion and a 40,000 c¢fs
or 60,000 efs floodway Substantially the
same results would have been obtained 1f Trial
B had been considered 1n combination with the
Russell Reservoir and the 25,000 ¢ fs Portage
Diversion together with a 40,000 ¢ fs or 60,000
cfs Greates Winnipeg Floodway The incre-
mental-ratios for Ti1al B 1n such a combination
are well below 1 0, namely, 68 1n combination
with a 40,000 ¢fs Portage Diversion and a
40-768 Floodway and 49 in combination with a
40,000 e¢f s diversion and a 60-768 floodway
Accordingly, no further consideration was giv-
en to this project

Two other projects, which gave very favour-
able bencfit-cost ratios when considered as

Table 11 2
INCREMENTAL BENEFIT COST ANALYSIS
GREATER WINNIPEG FLOODWAYS AND PORTAGE DIVERSION IN COMBINATION

Inecremental
Inciease 1n Increse 1 Benefit-Cost
Increase in Project® Annual Cost Annuil Benclit Ratio
From 40,000 ¢« f= P D) to
40000 ( fs PD +40-768 $2,303,400 $4,650 200 202
Trom 40 000 ¢ f«~ P D +40-768 to
40000 cfs P D +60-76% 858,300 752,000 ]8
From 40,000 ¢ f s P D +60-768 to
40,000 c fs P D +80-768 770,100 626 300 81

*Basis High Bluff Daversion
86




BENEFIT COST ANALYSIS OF PROJECTS IN COMBINATION

separate projects were also analyzed in combi
nation with the floodway and Portage Diver
sion These two projects are the Russell Reser
voir and the Eastern Tributaries diversion The
Russell Rescrvoir was considered primarily as
an altcrnative to the inciease in the size of the
Portage Diversion from 25 000 ¢fs to 40 000
cfs The Eastern Tributaries Diveision was
analyzed in combmation with a 40000 c{s
Poitage Diversion and a 40 768 and 60 768
Floodway

On the Assimiboimne River the benefit cost
analysis indicates that protective works with 2
capacity of about 40 000 ¢cfs are economically
justified Protection of roughly this amount
can be provided either by the construction of a
40 000 e¢fs diversion at Portage la Praitie or
by construction of a 25000 c¢fs diversion at
Portage together with the Russell Reservou

Attention of the Commission was also diawn
to the fact that the PF R A aie currently in
vestigating a proposal for the construction of a
large storage reseivonn west of Portage Iz
Prairie It 1s possible that this project might
provide substantially the same flood protection
bencfits 1n the arca downstream from Portage
la Prairie as the Russell Reservoir and the
25 000 ¢ f's Portage Diversion For this reason
the Commuission recommends that the benefits
and cost of this proposal should be analyzed as
soon as the engineering data are available

A number of considerations favour the choice
of the Russell Reservoir plus the 25000 cfs
Diversion 1n preference to the 40000 cfs
Portage Diveision The Russell Reservoun pio
vides tlood protection to the City of Brandon
and to farmlands in the Assiniboine River Val
ley between the site of the Reservoir and Por
tage la Prairie areas which would not other
wise be protected The Russell Reservoir also
makes 1t possible to mamtain higher minimum
water levels downstream from the reservorr and
thus provides a valuable bencfit in the form of
a more assuied potable water supply and a
better sewage dilution for cities and towns
along the river For the City of Winnipeg 1t
provides better sewage dilution and in eomh
nation with a water supply channel from Lake
Manitoba should make 1t possible to avoid the
very considerable expense of converting the
existing sewage disposal plant from primaiv to
secondary tieatment The Manitoba Hydro
electric stcam power plant at Brandon would
also benefit from this more assured water sup
ply While an annual water supply benefit of
$128 000 has been included 1n our benefit cost
analysis on this project a complete study ol
the water supply pioblem has not been made
smee this 1s beyond the scope of this Commis
sion & task However we aire reasonably confi
dent that there aie additional water supply
benefits which have not been included 1n our
analysis

On the other hand 1f the Russell Reservoir
15 to be operated so 18 to provide an optimum
benefit to Gieater Winmpeg an accuirate flood
forecast would be 1equired Its location 1s 200
miles noith and west of Grealer Winnipeg and
the spiing break up 1s likely to occur later
there than 1t does n Winnipeg In addition 1t
noimally requires about 10 to 13 days for the
tlow of water to tiavel downstream fiom the
site of the Russell Reservoir to Winnipeg
Neveitheless since the Russell Reservoir has
a peak storage capacity of 600000 acre feet,
1t would be possible to reduce the flow immed:
ately below the 1eservonr by an average of
15000 c1s per day for a 20 day peilod, or by
an averige of 10,000 ¢f s for a 30 day perlod
To permut this reduction the reservoir would
have to be completely emptied 1n advance of
the flood period

It 15 also true that fiom a benefit cost point
of view the 40000 c¢fs diversion 1s slightly
moie favourable than the combination of a
25000 cfs diversion with the Russell Reser
vour In combination with a 60,000 cfs Greater
Wimnmpeg Floodway the 40 000 ¢ fs High Bluff
Diversion gives a bencfit cost ratio of 2 86
compared with a ratio of 273 for a 25000 ¢f s
High Bluff Diveision and the Russell Reservoir
Moreover the nciemental benefit cost ratio
obtained by increasing the size of the diversion
from 25 000 cfs to 40,000 ¢ fs 1s 3 13 where-
as the meremental benefit cost ratio obtained
fiom the Russell Reservoir 1s only 141 As
agnnst thig, in serious floods the Rusgell Reser
voir provides more dependable flood protection
for the City of Portage la Prairie If the 40 000
cfs High Bluff Diversion weie constiucted
flood protection would be provided 1n the form
of Eft; long dyke but this form of protection 1s less
certain

Taking 1nto account all these considerations
this Commission decided to recommend the
Russell Reservoir in combmation with the
25000 cfs High Bluff Poitage Diversion in
pieference to the 40000 c¢fs Diversion The
High Bluff route for the Porlage Diversion 1s
cleuly pieferable to the Fort La Reine route
because 1t gives approximately the same bene
fits and costs $2 338 000 less

In analyzing the effects of the Eastern Tiibu
taries Diversion in combination, 11 was assumed
that the intake structure of the floodway would
be operated so as to mruntaimn natural water
levels upstream of the floodway Under this
method of operalion the dischaige reduction
produced by the Eastern Tiibutaries Diversion
at Redwood Bridge gives 2 larger stage redue
tion than it would 1in the absence of the Greater
Wmnipeg Floodway Due to the shape of the
Redwood Biidge rating curve, a given discharge
teduction produces a much larger stage reduc
tion at a low flow than 1t does at a higher flow
Maintenance of the natuial water level up-
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stream of Winnipeg reduces the benefit that
would accrue to the area south of Winmpeg
However because the size of the damages 1n
this area 1s smaller than in the city this
method of operation attnbutes a laiger benefit
to the Eastern Tributaries scheme than any
other method of operation

The benef1t cost data indicate that the add:
tional benefit provided by the Eastern Tributa
ries Diversion 1 combination with a floodway
and Portage Diversion 18 not large enough to
justify the cost of the project Thus the m
cremental benefit cost ratio for the Eastern
Tributaries Diversion mm combination with 1
40 768 Floodway and a 40,000 ¢fs Portage
Diversion 1s only 59 Such an expenditure 15
considerably less economical than the expen
diture required to increase the size of the flood
way from 40 000 to 60 000 ¢fs This latter ex
penditure has an incremental benefit cost ratio
of 88 (see Table 11 2)

When considered 1n combination with a
60,000 cfs Greater Winmpeg Floodway, a
25,000 ¢ f s Portage Diversion and the Russell
Reservolr the Pembina Dam provides only
enough flood contiol benefits to give an 1n
cremental benefit cost ratio of 32 It provides
additional flood control benefits of $27 400 in
the Red River Valley and additional benefits
of $52 000 1n Greater Winnipeg The engineering
studies that the Red River Bisin Investigation
made of this project were not complete and 1t 1s
possible that more thoiough study will show
further flood control benefits

In addition to 1ts flood contiol benefits the
Pembina Dam might provide substintial bene
fits 1n the form of an impioved and dependable
supply of water for the water shoit Pembini
triangle This water supply would be of substan
tial value for household furm industrial and
commercial use, for irtigation and o1 sewage
dilutton However, a major engineeiing and
economic study would be requiied to determine
the dollar benefits that could be attrbuted to
this water supply

After careful consideration this Commission
deaded 1t could not recommend this project as
a flood control measure on the basis of the en
gineering data presently avulable However it
does recommend that an exhaustive study be
made of the Pembina Piver with a2 view to
evaluating completely the flood control and
water supply benefits that might accrue from
the construction of 4 dum and reservoir on
this river

RECOMMENDATIONS

On the basis of the above analysis and some
further considerations explained below the
Royal Commuission on Flood Cost Benefit voted
to recommend the following combination of
projects

88

(a) A 60000 cfs Greater Winnipeg
Floodway

(b) A 25000 ¢fs Portage Diversion on the
High Bluff route

(c¢) The Russell Reservon

In conjunction with the construction of the
Portage Diversion the Commission also re
commended that the channel capacity between
Portage la Prairie and Winmpeg should be
mauntained at 1ts present level

The capital cost ot this combination 18 esh
mated to be $72 5 mllion (with a 60 768 Flood
way) and its overall benefit cost 1atio bised on
present pioperty values and incomes 1s 27 If
allowance 1s made for the growth that can be
reasonably anticipated to occur in Greater Win
nipeg over the next 25 years, a benefit cost
ol about 41 1s obtamned for this combination
These 1ati0s are based on a 4 peicent interest
1ate

In armving at 1ts final decision the Com
mission was guided by two general considera
tions It was felt that 1t would be desirable to
provide Winnipeg with protection agamnst -t
least a 1 percent flood that 1s, a flood which
can be expected to occur on the average of once
1in one hundred years 1n this instince a flow of
about 150 000 cubic feet per second Beyond
thal point, the degree of protection should be
as large as was consistent with a favourible
benefit cost ratio In deciding on the final
size of the various projects patticular atten
tion was given to the marginal or incremental
benefit cost 1atio which measures the addi
tional benefit obtuned from any icrease 1n the
s1ze of a project compared with the additional
cost of obtainmmg this benefit

For vailous combinations of the Greater
Winnipeg Floodway and the Portage Diversion,
the benefit cost analysis indicated that the re
tention o1 diversion of 40 000 ¢ £ s onthe Assim
boine together with a Gireater Winmpeg Flood
way 1n the size range from 40 000 ¢ f s to 60 000
cfs would be justified A 40 768 Floodway
plus a 40,000 ¢ £ s Portage Diveision would pro
vide protection against a flood of 147000 ¢ f s
with 2 water level in the Red River through
Winmpeg about one foot below the top of the
existing dyking system For the 60 768 Flood-
way 40000 ¢fs Portage Diversion combina
tion the protection provided 1s 174,000 cfs
Thus any project in this size range meets one
of the general guiding considerations adopted
by the Commission the provision of protection
against a 1 percent flood

By 1tself the Portage Diversion has a very
high benefit cost ratio and this 18 true even
for the largest si1ze of this diveision for which
designs are availible the 40000 c¢cfs design
These high ratios reflect the fact that because
of the comparatively short length of the diver
sion the cost per 1000 ¢fs of water diverted
1s comparatively low Moreover once a smaller




BENEFIT COST ANALYSIS OF PROJECTS IN COMBINATION

diversion has been constiructed the additional
cost of incieasing its capacity is small Thus
for the Iligh Blutf Diversion, although 1t costs
$5 709 000 to build a 10000 efs diversion, 1t
costs only $2 963 000 to 1ncrease 1ts size from
10000 efs to 25000 cfs and only $2 189 000
to 1ncrease 1ts size from 25,000 ¢fs to 40 000
cfs

As was pointed out above, when the Greate:
Winnipeg Floodway 1s considered 1n combina
tion with the retention or diversion of 40 000
c¢fs on the Assiniboine River the incremental
benefit cost ratio 1emains above 10 until a
40,000 ¢ fs Floodway 1s reached Beyond that
point the meremental ratio 1s shightly below 1 0
At 60000 cfs the incremental benefit cost
ratio 18 about 9 and at 80,000 1t 1s about 8 This
indicates that in combination with flood pro
tection works of up to a capacity of 40 000 ¢ £ s
for the Asssimiboine River the additional cost
of any increase m the size of the floodway 1s
just slightly larger than the additional benefit
obtained fiom this mcrease

In these 11ti0s benefits are based on present
property values and incomes only When al
lowance 1s made for the growth that can be
expected 1n Greater Winnipeg during the next
twenty-five years these ratios can be ncieased
by a factor of 50 percent On this basis the
mmcremental benefit cost ratio at 60000 e¢fs
would be 132 and «t 80000 cfs 122

In recommending the construction of a 60
000 cfs Floodway the Commuission felt it was
desnable to give some attention to the futuie
growth of Greater Winnipeg Unless provision
18 made now for the additional flood protection
that this expected growth justifies 1t will be
very difficult 1f not impossible to do so 1n the
future In combination with the projects re
commended on the Assmmiboine River a 60 000
cfs Floodway around Winnipeg would provide
a degtee of flood protection for the city thait
would ensuie its continued growth and pros
perity

In addition 1t was felt that 1t was desirable to
have a larger proportion of the flood protec
tion works on the man stem of the Red Rive:r
than would be justified on the basis of the
benefit cost analysis alone Because about 80
percent of the flood flows 1n Greater Winnmipeg
originate on the Red River flood protection
1 01ks on the Red provide a more rehable foim
of protection than projects on the Assiiboime

To sum up the three projects recommended
will provide the following benefits

(a) They will provide complete protection
to all pairts of Greater Winnipeg outside the
primaty dyking system for all floods of up to
169000 cfs A flood flow of 169,000 ¢fs can
be expected to be equalled or exceeded on the
average of once 1n 160 years With such a flood
flow 1t can be expected that, on the average
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about 76 000 ¢fs would flow thiough Win
mpeg with a flood elevation about one foot
below the top of the existing dyking system
some 66 000 ¢ fs would flow through the flood
way channel some 10000 ¢fs would be held
bick by the Russell Reservoir and 25000 ¢f s
would be diveirted mnto Lake Manitoba by the
Portage Diversion Since not all of the 35 000
cfs withheld or diverted on the Assimiboine
ptoduces an equivalent reduction in Winnipeg
the total of the above exceeds 169,000 ¢f's

In addition if a larger flood than 169 000 cf s
were to occur 1n the Greater Winnipeg area,
there would be a possibility of obtammg a con
siderable additional margin of protection Thus,
with the construction of temporary dykes that
would allow the water level in the channel to be
raised by 4 feet there would be a possibility of
carrying an additional 22 000 ¢ fs through the
city Further if the floodway gates were oper
ated 1n such a way as to raise the water level
at 8t Norbert to 3 feet above 1ts natural level
m any given flood, 1t would be possible to pass
an additional 11 000 ¢ £ s through the floodway
Thus with this combination of projects 1t would
be possible to fight a flood of up to 200,000
cfs 1n the Greater Winnipeg area

(b) They will provide complete protection to
the area between Portage la Prairie and Win
nmpeg for all floods below 55000 ¢fs on the
Assiniboine

(c) The Russell Reservoir will provide protec
tion in the Brandon area for all floods of less
than 33 000 ¢ fs for the area behind the dyke
and for all floods of less than 16,000 ¢ fs for
the area outside the dyke

(d) The Russell Reservoir will protect the
ate1 from Millwood to Brandon for floods of
up to about 16 000 cf's

(e) The Russell Reservolr provides a number
of mmpoitant supplementary benefits in the
form of improved water supply and sewage
benefits and also creates a lake which will have
recteational benefits

Finally on the basis of existing property and
mecome this combmation of projects gives a
benefit cost ratio of 27 In other words over
2 long period of time the expenditure involved
some $72 5 million will yield a benefit 1n terms
of flood damages prevented of about $2 70 for
every $1 00 invested 1n this project

Il allowance 1s made for the giowth that may
be anticipated for the Greater Winnipeg area
this ratio becomes 41 which means that the
provinee and city will get 4 net return, in terms
of flood damages prevented and other ancillary
benefits of $4 10 for every $1 00 invested in
these three projects

For convement reference, a summary of the
benefits, costs and benefit cost ratios on the
various projects 1s presented 1n Tables 11 3 to
116
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CHAPTER 12

FLOOD INSURANCE

Under 1ts Terms of Reference this Commis
sion was asked to examine the feasibility and
cost of a scheme of flood msurance for those
parts of the Red and Assimiboine River valleys
that would not be protected by other measures
recommended by the Commission

The Commission first examned the practical
difficulties that have kept insurance companies
from operating in this field then studied 1n
some detall the attempt that was recently made
to develop a flood insuirance program under the
sponsorship of the Federal Government in the
United States and, on the basis of these studies
made an assessment of the practicability of a
flood insurance scheme for Manitoba Ou: study
1s confined to floods resulting from rising lakes
and streams and does not apply to flooding
resulting from hurricanes or excessive rains It
18 also limited to areas i which the cost of
flood prevention measures exceeds the losses
and damages 1esulting from the floods In other
ateas 1t 1s more economical to construct some
flood control measure and pievent the damages
m question

The few private companies that have at
tempted to write flood msurance policies on
property 1n areas subject to recurrent floods
have discovered that the difficulties are many
If unmiform 1ates are charged the company
finds 1tself loaded up with an adverse selec
tion of risks because people in highly flood
prone areas are the ones most hikely to take
out a policy On the other hand 1f an attempt
18 made to charge rates proportionate to the
risk of loss the cost exceeds the amount that
most property owners either can pay or are
willing to pay Their expeiience has also 1n
dicated that there 1s usually a very limited
market for flood insurance and that while there
may be a heavy demand for 1t 1n the years im
mediately following a flood property owners do
not usually maintamn 1t 1in force after the lapse
of geveral floodless years

But even 1f a large proportion of property
ownels 1n flood prone areas were willing to take
out msutance and keep up their payments the
scheme would still face problems With most
types of insurance there 18 a wide spread of
118k In contrast properties in areas subject to
recuirent floods are almost cer1tain to be flooded
and the frequency with which this 1s likely to
occur can be piedicted with some degree of ac
curacy only the time of oceurrence of the flood
18 uncettain A given aiea may be free from
floods for a long period of time and then be
flooded several times within a few years
Further, for other types of insurance the num
ber of claim payments that have to be made
i any one year does not vary widely On the
other hand when a major flood occurs, all or
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many of the properties in a given area may be
subject to a large amount of damage at the
same time

The predictability of floods gives flood 1n
surance something of a self insurance character
Regular annual amounts aie accumulated 1n
order to meet large 1rregularly occurring dam
ages But because the flood could occur only
1y few years after prermum payments begin and
because a laige number of properties are flood
ed together, any flood insurance scheme runs a
heavy risk of having to pay out a very large
amount of money at an early stage in its hife
If the properties insured by one company are
distributed over a large number of different
river basing the 118k will be spread to some
extent But rather large reserves are still re
quited 1f bankruptey of the scheme at an early
stage 15 to be avoided

The nibility of the private msurance indus
t1y to make available a program of flood 1msut
ance coupled with the concern created by the
serlous damages caused by floods in Kansas
and Missouil 1n 1951 and in the Northeastern
Stites mn 1955 led to a demand for a govern
ment sponsored flood 1nsurance program 1n the
United States This demand culminated in the
passage by Congiess 1n August, 1956 of The
Federal Flood Insurance Act of 1956 (Public
Law 1016 84th Congress) In general terms
the Bill provided for a flood insurance pro
gram with an over il maximum habihty of $3
billion (the Piesident was given authority to
increase this amount by $2 billion) 2 hmit of
$250 000 for any one person firm otr business
and a limit of $10 000 for any one dwelling The
Housing and Home Finance Agency was given
the 1esponsibility of setting up an administra
tive organization and producing a detailed plan
for implementing the Bill Ags a 1esult the Fed
cral Flood Indemnity Administration was set
up an Advisory Committee from the insurance
industry was appointed and a group of engi
necering advisors from the Federal Government
was selected

The FFIA readily reached agreement with
the Advisory Committee and on procedures for
handhing the sale of the insurance and the
adjustment of claims through the regular in
smance industry Estimation of probable losses
and the setting of rates however proved a
formidable problem and although a solution was
worked out 1t was at best a compromse

A very 1ough pproximation to a rate was
obtained by comparing an estimate of the an
nual flood loss which would be covered by 1n
surance with the total amount of insurance
authorized It was estimated that the annual
loss covered by imnsurance would be $90 mllion
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and since the maximum amount of 1nsuiance
that can be gianted 1s $3 billion 1t would re
quire a rate of 3 percent to cover such a loss

A more precise method of setting rates
mvolves the use of the frequency damage
approach In Chapter 5 of this volume we
explamned the way in which annual damages
and annual benefits can be estimated for a
patticular arey This same approach can be
applied to puticular pioperties The annual
damages that can be anticipated for a given
house 18 equal to the damages caused by floods
of different sizes multiphied by their probabil
1ty of occurrence This annual damage plus an
expense loading would be the annual premium
that would be required to cover the risk of
flood damages to that particular house

While this method 1s very piecise m theory
1t 1s difficult to apply in piactice because not
only 18 1 knowledge of the flood frequencies
1p difterent areas requited but precise mnforma
tion 18 also needed on the elevation of the hou e
and the damages that would be caused by floods
of different si1zes Thus a great deal of precise
information would be needed and this would be
expensive to acquire

To 1llustrate this method an estimate was
prepared of the annual flood damages that can
be expected on a house on Kingston Cirescent
and a farm mn the Morris atea A house which
was flooded to a depth of four feet over the
man floor 1in 1950 and had an estimated market
value i that year of $13 000 can be expected
to incur flood damages over n period of years
which will amount to $280 per year on the
average Of this total just over one fourth
would be due to damage to personal propertv
For a farm of 640 acres in the Morns area
focated on the edge of the area flooded 1n
1948 1t was estimated that on the average
flood damages would amount to $450, or ahout
70c per acre This total includes loss of farm
mmcome, 1s well as damages to buildings pex
sonal property hvestock and machinery

The compromise method adopted by the
Federal Flood Indemmty Administration called
the River Basin Method involved the division
of the entire country into a number of different
areas or river basing These areas were then
grouped into six different rating areas waith
each of these areas being given a different
rate based on the probability of flooding in
that area Variations in the base i1ate were
made for type of construction location of perx
sonal property applicability of co insurance
and property over water Lanmts were placed on
the amount of coverage in cach aiea so that
the amount of insurance placed in all these
areas at different rates would give an over
all average rate of about 3 percent Perhaps
the principal defect of this system of rating 13
the umformity of rates within areas This
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uniformity means that property on the edge
of a river will pay the same premum as propet
ty on high ground As a result 1t 13 almost
certain that 2 high proportion of the people
who take out policies will be 1n areas where the
risk of flooding 1s great

Under the proposed scheme 1t was intended
that the Federal Goveinment should absorb 40
percent of the annual cost plus administrative
expenses leaving only 60 percent to the ind:
vidual policyholder However Congress did not
appropriate funds for the proposed scheme
and federal flood msurance has not been nst1
tuted 1n the United States Nevertheless the
Federal Tlood Indemmity Admimstration were
very generous i making available the records
of this flood msurance plan and thesc proved
extremely helpful to the Commissions own
study

In applying the above information to the
situation that exists in Manitoba 1t becomes
clear that any attempt to set up a flood 1in
surance scheme for Manitoba only would face
1 number of special difficulties Because the
setiled area of the province 1s so small, the
weather conditions that produced flooding 1n
one area might well apply throughout the
whole 1mmsured area Henee, the claim payments
under the scheme would be highly concentrated
in particular years This would make a large
1eserve fund necessary to keep the scheme from
going bankrupt Further most floods 1n Mani-
toba are of the slow rising type and can be
predicted well 1n advance For this reason 1t 18
possible to reduce potential flood damage by
moving property such as automobiles cattle
ind furniture out of the flood zone or by buld
g temporaiy dykes to protect the areas sub-
ject to flooding If potential flood losses were
covered by 1nsurance the steps taken to move
or protect property might be considerably less
prompt and vigorous

In addition, the climatic conditions which
produce a serious flood—heavy fall rains, an
early freeze up heavy snowfall a severe winter
a late spring with heavy ramns during the
breakup—ue of a type that make possible the
anticipation of a flood well in advance of its
occurrence In these circumstances, if there were
only a short waiting period before an insurance
poliey became effective the insurance schemes
would be faced with an adverse selection of
11sks Policy sales would be heavy in a year
when a potential flood situation began to de
velop and light 1 years when there was little
118k of a flood A waiting period of at least five
or s1x months would be required to eliminate
any element of adverse selection

Because floods 1n Mamtoba are slow rising
and prolonged, assessing damages and making
clamm payments would also be moie difficult
The effects of prolonged flooding may only be




FLOOD INSURANCE

fully appairent many months after the flood
has passed This 18 particularly tiue of struc
tural damage to buildings and the loss of n
come from crops

In the light of the above considerations this
Commuission has concluded that 1t would not be
advisable for the Province of Manitoba to enter
into any geneial flood imsurance program Both
the past experience of the private insurance
industry and the special difficulties that would
face a program confined to Manitoba alone sup
port this conclusion

If any government 1s to back a flood msur
ance plan i Canada, 1t should be the Federal
Government A national plan can get a spiead
of risks which 18 not possible within a single
province

An alternative to a flood msurance plan
might be a flood assistance fund which would be
applicable only in floods of major impoitance
In practice the governments already find 1t
necessary to assist those subject to seilous
flooding When a major flood occurs the govern
ment must help the people to rehabilitate them
selves or run the risk of a whole area deterior
ating If assistance to flood victims were plan
ned on a regular basis 1t might eliminite a good
deal of the fear and unceitainty which now face
people 1n areas subject to flooding

An assistance fund would be less expensive
than a legally enfolceable insurance plan since 1t
would only cover minimum essential losses For
the same reason 1t would be less likely to under-
mime the efforts of the people affected to
protect their property from being flooded But
an assistance fund would be more equitable 1f
administered by the Federal Government
Otherwise the people of this province would
find themselves paying the full cost of rehev
mg thewr own flood disasters and at the same
time thiough their tax payments to the Federal
Government paying part of the cost of dis
asters elsewhere

Although we have not recommended a flood
msurance scheme we have made an estimate
of what 1t would cost to pay the flood losses
that may be expected 1n an area to which a
flood 1nsuiance scheme would be applicable,
nimely the Red River Valley area between
Fmeison and St Norbert

Annual damages from floods of all sizes m
this 1ea are estimated to amount to $731 000
Thus 1if an amount of $731 000 were set aside
annually and aecumulated 1 a fund, 1t would
provide sufficient funds to compensate people
m the area for all flood damages This would
apply on the average over a long period of time
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COMMISSIONER J McDOWELL’'S REPORT

The Royal Commuission on Flood Cost Benefit
has been cauirying on 1ts enquity investigation
and survey for over the past two years

As 1member of the Commussion, I have given
cireful consideration and study to all matters
pettaining thereto including submissions ten-
dered and opmmions expressed by experts and
others

One of the basiec and possibly mam consider
tions in connection with the problems heremn
and thenr possible solution 1s one of economies
not only for the present generation but those of
the future generation

In the past we have had 1ecommendations
such as those contuned in the Red River Basin
Investigation Report 1in connection with the
City of Winmpeg the Red River and the Assm
bome River Valley This report 1ecommended
the followine projects

(a) a floodway from St Norbert via Bird s
Hill entering the Red River at Lockpotrt,

(b) the Ste Agathe Detention Basin
(¢) the Russell Dam,

(d) the diversion of the Assinibomne River
ito Lake Manitoba at Fort 1a Reine or at
High Bluff

As a member of this Commission, 1t 18 neces
sary to consider the dual authority and respon
sitbility of our two senior Governments 1n 1es
pect of navigible streams The Domu
nion Government has authority over and 1s res
ponsible for, the water that flows i such
strexm while the Provinaal Government has
authority over and 13 responsible for the bed
of such streams

Puisuant to Pirovineial legislation Dramnage
Boards have been set up in certain distiicts i
Mamitoba and through the authority of such
Boards A vast amount of dramnge has gohe
mto both the Red Rivei and the Assimibomne
River resulting mm an excessive deposit and
accumulation of silt 1n these rivers

Having regard to the foregomng I do hereby
recommend

1 That theie be established A Nawvigable
Rivers Authority responsible for the carrying
out under the direction and supervision of The
Provincial Department of Public Works of all
navigable river projects

2 That 75% of the costs of any and all such
projects be paid for by The Dominion Govern
ment and the remainder, or 25% of saud costs
be paid for by The Provincial Government

Puisuant to a reference of the Lieutenant
Governor 1n Council there 18 on file 1 the De
partment of Public Works and in the Depart
ment of the Attorney General a legal opimion
as to the 1espective responsibilities of the
Dominion Government and the Provineial Gov
ernment in connection with navigable rivers
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3 That the Laster s Rapids be removed and
thus 1estore main control of the Red River to
the dam at Lockport

In the engincer ing study done bythe RR B 1
22 different designs for channcl impiovement
below Winmpeg weite mvestignted Of these
22, two of the tiials trial 12 and trial B show
ad the smallest cost per foot of stage reduction
at Redwood Biridge and provided a practical
degree of stage 1eduction

Tital 12 mvolved widening of the natuial
channel between Mile 402 and Mile 326
(from just below Beigen Cut off to a pommt
21, miles upstieam fiom the Old S5t Andrew s
Chutch)

Tirial B involved deepening the channel fiom
Mile 40 9 to Mile 27 3 (from Bergen Cut off to
a point near Lockport) with very httle widen
g

The estimated capital cost of these projects,
all taking an assumed construction period of
five years was as follows

(1) Trial 12 $5674 000 which would take
11/, feet off the flood stage at Redwood
Biidge equal to the 1950 flow, and have
2 cost benefit ratio of 4 46,

Trial B an estimated cost of $14 925 000
which would take 29 feet off the flood
stnge 2t Redwood Biidge with a flow
comparable to the 1950 flow and have
a cost benefit ratio of 4 31

This shows a good cost benefit but I think
this work can be done at far less expenditure
I eall your attention to how they took the rock
out of the Detroit River without using coffer
dams

The Red River Investigation Report i1s au
thority for the fact that removal of the Lister s
Rapids would only reduce the level of the Red
River at the University mm South Fort Garry
approximately thiee inches

4 That the Cross Sections of The Red River
be widened 1n such manner and to such extent
as qualified authority deems adwvisable where
such river flows through the Municipalities of
Fort Garry and St Vital and Other Munieipall
ties south of the perimeter road

(2)

5 That an extensive removal of silt and
other objects deposited in the river beds be
undertaken by dredging

The diver s report submitted to this Commais
sion shows the depth of the Red River to be at
Bergen Cut off 28 feet at the Redwood Bridge
26 feet at the Canadian National Bridge at
Lombard St 12 feet and at the mouth of the
Assmiboine River 15 feet

To enable the Red River to carry a full load
throughout 1ts Greater Winnipeg course the
bed thereof should bear a uniform and proper
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level 1n relation to its hydraulic gradient This
can be accomplished by removal of silt and
other objects

6 That a Dam be erected on The Assin
boine River at Russell Manitoba

It has been estimated that this dam could be
erected at a cost of $6 500 000 to $7 000 000
and that 1t would help to eliminate the flooding
of the areas adjacent to the flow of the river
from Russell to Brandon

The construction of a dam at Russell would
greatly benefit the City of Brandon by assuring
of 1ts having a better and steadier supply of
water

7 That at Brandon the r1iver be straightened
the present dyke widened and provision made
for the impoundment of a lairger supply of
water

This work could be done by means of a hy
draulic dredge and the Brandon flats could be
built up by using the same as a depository for
the silt removal

This operation 1ncidentally would be to the
benefit of future industrial demand and growth
1 population

8 That a Dam be erected on The Assiniboine
River at Holland Manitoba

This dam should, 1f adequate footings can be
established, be of such a magnitude as to utilize
the river channel which runs through the adjac
ent hilly country and build up an impoundment
of water to the extent of 4 000,000 acre feet

Further 1f this impoundment could be built
up to a high enough head 1t would permit of
the diverting of water to South Eastern Mam
toba through the Morris River Basin

9 That 1f adequate footings cannot be estab
lished at Holland to build up a head water as
aforegaid then a series of Dams should be erec
ted between Holland and Brandon

10 That consideration be given to a Large:
Basin being provided 1n The Assimboine River
at Portage la Praiiie so as to not only main
tain that Citys present water supply but to
assure of an adequate supply for future needs

In my opmon what 18 referred to as the
High Bluff diversion into Lake Manitoba
should only be resorted to after i1t has been
definitely established that all other means of
control are exhausted This diversion would cost
$9,000 000 00 plus an annual maintenance cost
of $32 400 00

11 That the silt and other obstructions such
as 1slands be removed from The Assiniboine
River throughout its course from Portage la
Prairie to Headingley

12 That certain new Channels be cut 1n the
course of The Assinmiboine River from Portage

la Prairie to Headingley and that the old chan
nels be not blocked off but kept free to take
care of high water

* kK x ok K %

1 am unable to approve of or join 1m my
fellow commigsioners’ recommendation for the
construction of a floodway

It 1s estimated roughly that the cost of con
structing this floodway would be $64 000 000 00
plus an annual maintenance cost of $225 000 00

If, as proposed these costs were amortized
over a period of 50 years with interest at 5%,
1t would entail an annual payment of $3,760,
000 00 or a grand total of $188 000 000 00 over
the 50 year period

Since the tabling of the Red River Basin
Investigation Report, certain public works
have been brought into being which will greatly
help to safeguard Greater Winnipeg from fu
ture flooding

These works consist of the Perimeter Road
which through the foresight skill and ability
of senior officials of the Department of Public
Works 1s so constructed as to form a ring dyke
around Greater Winnipeg

To appreciate the value of the Perimeter
Road as a ring dyke one has only to recall the
flood of 1950 and what would have been the
result 1f the lake proportion of accumulated
water south of Greater Winnmipeg had permeat
ed mto the River Heights area This was pire
vented by the erection of a dyke, the base of
which was McGilliviay Boulevard

Further the bridges being erected as part of
the Perimeter Road are bemng so constructed
as to provide for considerable control of the
flow of water passing beneath them

More engineering studies should be made 1n
the upper reaches of the Red River from Winm
peg to Emerson This 1s essential and some
joint effort with the United States 1s necessary
to remedy what has become a chronic situa
tion In the flood year of 1950 water reached
an estimated maximum discharge at Redwood
Bridge of 103 600 ¢ f s With the present set up
of the Perimeter Road forming a ring dyke
around Winnipeg the volume of water entering
Winnmpeg can be controlled In my opinion 1t
would appear to be unnecessary and uneconomi
cal to provide for anything higher than the
1950 flood as we can now take care of 110 000
¢ fs with this ring dyke control

Conditions have changed since the 1826 1852
and 1861 floods With roads now bult well
above prairie level 1t 1s easier to impound
water by blocking of the eveners or culverts

A review of what happened on the Assini
boine River during the 1956 flood will show
that by using the Trans Canada Highway as a
dyke to contain the water between the highway
and the river resulted in most of the water
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being held and retuined to the river bed flow
[t this had not been done a very large area
beyond the highway would have been nun
dated, causing much more devastation over a
large area

If we clean out the Red River and the Assini
boine River by dredging and removal of ob
stacles therein as well as remove the Lister s
Rapids and raise our permanent dykes we
could take care of a flood as high or higher
than the one which oceurred 1n 1950

Finally, I must stress the importance of
1easl(()nable financing costs to cariy out these
works

I would 1ecommend that a survey and study
be made of the system adopted by the Federal
Goveinment of the Umted States for the fin
ancing of public works

Under the United States system the cost of
iny and all projects m the public interest
which are undertaken by any state of the union
can be paid for by the 1ssuance of interest, tax
fiee bonds These projects 1nelude such works
as canals docks schools and roads, etc

If a similar system were 1n existence 1n Can
ada, 1t would enable the provinces and muni
cipalities to more 1eadily and satisfactorily
fulfill their obhgations

January 7 1959
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Prio1 to the Dominion Income Tax Act, the
provinces had aailable to them a field 1n which
to get what 1s 1eferred to as cheap money
Surely 1t 15 only 1easonable that lenders have a
fair return on their money over and above the
imcome tax they are 1equired to pay on income
from money loaned This could be accomplished
by the 1ssuance of tax free interest coupon
bonds and result in benefits to people at the
municipal level

Respectfully submitted

ol

Commassioner




Appendix A

J S McDIARMID

Lieutenant Covernor

CANADA
ST AT PROVINCE of MANITOBA

LLIZABETH THL SECOND by the Grace of
God of the Umted Kingdom Canada and Her
other Realms and Teritoiles QUEEN Head of
the Commonwealth Defender of the Faith

M N HYRHORCZUL
Attorney General

WHERFAS a Report on Investi ations into Measures for the Reduetion of the Flood Hasard 1n the
Greater Winmipeg Area !is been piepated by the Red River Basin In esti,ation Water Resources
Division Ingineering and Water Resources Branch Department of Resources ind Development of the
Government of Canada

AND WHFREAS 1t 15 deemed expedient and advisable in the public interest that a public \nquiry
be undertaken to determine the value of the benefits which would accrue as compared to the cost of some
or all of the considered measures in the sud report were to be implemented and to appraise the benefits
that might acerue from any other project directed toward the reduction of the flood has ird 1n the Red
River and Assintboine River basins

AND WHEFREAS the sad matter 15 within the jurisdiction of the Ie%slmturc of the Province of
Manitoba and 1s connected with and affects the good government of the Province

AND WHIRFAS sections 80 and 93 of The Manitoba Tvidence Act provide 1n part as follows

80 (1) The Iicutenant Governor in Council where he deems 1t expedient to cause nqury
to be made mto and concerning any matter within the jurisdiction of the Tegislature and
connected with or affecting

(a) the good government of the prot ince o1 the conduct of an patt of the public business thereof
(b)
(e)
(d)
(e)

(f) any matter which 1n his opinion 1s of sufheent public importance to justifv an mquiry
may 1if the imnquiry 18 not otherwise 1egulated appoint one o1 more commissioners to make
the mnquiry and to report thereon

(2) The Iieutenant Governor 1n Counal may revohe modify or enlarge the scope of
any commission

93 The Lieutenant Governor 1n Council may mal e provision ather Lenerally in regard to
all commussions 1ssued and inquiries held under this Part or specially 1n regard to anv such
comrussion and inquiry for all or any of the matters following that 1s to say

(a) the remuneration of commissioners and persons emploved or engaged to agsist 1n the inquiry
including witnesses

(b) the payment of incidental and necessary expenses and

(c) generally m respect of all such acts matters and things as arc necessary to enable complete
effect to be given to every provision of this Part
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NOW KNOW YE THAT under and by vutue of all the powers privileges and preropatives

vested 1n or appertaining to Her Majesty and under and by virtue of Part V of The Mamtoha Lvidence
Act 1t 18 ordered as hereinafter set forth

1

0

~T

A (ommussion 15 herchy estabhished to he known as the Roy il Commussion on Flood Cost Benefit
(heremafter called the commission ) consisting of the persons heremafter named together with
such other persons as miy hereafter be wppomted to the eommission by Otdet 1 Council

The members of the commission shall be
(1) Henry Willham Manning

(2) Willhlam Culver Riley

(3) Walter Tames Macdonald

(4) Arthur Samuel Beaubien

(5) John McDowell

The Chairman of the commission shall be Tlenry William Mannin,
Any thiee members shall constitute a quorum

The members of the commission shall he empowered to settle and te ulite the procedure of the
COMMISHION

The commission may employ a sectet i1y and such staff and consultants ind other assistince as 1t
may require

A member or members of the commi sion or 1 member of the staff of the commussion may t1 wel
beyond the boundaries of the Province of Mamtoba to inquite into m stters 1eluting to the purposes
ohjects and duties of the commission

The purposes objects and dutics of the comnussion shall be 15 follows

(1) To make full mquiry 1cspecting and to make findings as to the value of the benelits that would
likely acerue 1if any or all of the considered measures set forth in the Report on Investigitions
into Measures for the Reduction of the Tlood Hazird mn the Greater Winnipeg Area were
mmplemented as compared with the costs il ely to be incurred 1n tmplementn , those measures
and to make recommend iwtions as to whieh 1f any of such measures should be implemented and
to what extent

(2) In particular and without hmitm,, the enerality of clause (1) to m ike such inquury and findings
and such recommendations as aforesaid respecting the following measuies

(a) Channel improvements
(b) Dyking
(¢) Flood storage

(1) Russell reservorr

(u) Pembina River reservon
(u) Ste Agathe detention basin

(d) Flood diversions
(1) Lastern tributaries diversion
(1) Omands Creek diversion
(m) Portage diversion
(1v) Greater Winnipeg floodway

(3) To make such inquiry ind findings ind uch recommendations 1s sct out m clause (1) of thus
section & 1especting any other measures that are of the same teneial niture or have the same
objectives as those to which 1efcrence 1s made m clquses (1) and (2) of this section  and that
the commussion decms might be benefieial and worthy to be the subject of inquurv ind report
w hether or not they hate been considered m the report to which referencess made 1n the preamble
hereto and in patticular with respect to the vilue of the benefits hkely to 1ccrue from any
such other mcasutes s compared with the costs likely to be meurred 1 tespect thereof

Without L miting the general scope of its povers and duties 1s Lerembefore set out the commiussion
may treat as benefits that would acciue and may value as such

(8) avoidance of possible damage to property business and industrial and economic prospects and

(b) direct benefits such as accompanying water supply irrigation works and hydro electnie
generating plants
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10

11

13

11

The commission shall meclude 1n 1ts findings a report as to the practicabiity and the estimated cost
of a plan to provide flood nsurance coverage for the 1esidents and owners of property in areas

(2) that are from time to time subject to flooding by the waters of the Red River or the Assiniboine
River or any tributary of erther of them and

(b) that will not be protected from such flooding by the implementation of the recommendations
of the commission

The commussion shall hold public hearings at such times and in such pluces as 1t may deem advisable

The commssion shall make to the President of the Council 2 report setting forth 1ts findings and
recommendations

On the certificate of the Chanmin of the commission ipproved hy the President of the Council
there shall be pud the wmounts hereinafter mentioned namely

(a) Honoi u1a to the members of the commission ewcept the case of C ommussioner John McDowell
who 15 precluded from iccepting any remuneration under the T egislstive Assembly Act 1n such
amounts as the Tieutenant ¢ overnor 1 Council may duect

(h) Travelling ind hvin, cxpen es of the members except m the ease of Comnussioner John
MeDovwell who 15 precluded fiom iecepting same under The 1egislative Assembly Act

(¢) Advances on iccount of the matters mentioned 1 clauses (a) nd (b) of this section 13 or any
of them

(d) Remuneration of such stiff ind consultants s mav be employed by the commisaion

(e) All othet inadental and necessary expenses meurred by the commission m all or any of its
proceedings and undettal ings meluding the mauntenznce of n office or ofhces

1he expenditwres authmized 1n section 13 shall be paud fiom the Consolidated Fund and charged to
Appropriation No 3—TRoy 1l Comnussion on klood Cost Benefit of the Dxecutive Couneil

IN TCSIIMONY WIII RLOT We have caused these Out Letters to be made patent and the
Great Seal of Our Province of Manitoba to be hereunto ffixed

WIINDSS s Honow John Stewurt MoDivrnud Tieutenant Goveirnor of Out agid Province of
NManitoba

AT OUR GOVERNMLEN1 HOUSL 1t Our City of Winnipe,, 1 the Province of M initobs this
cighteenth day of December 1n the year of Qur Lord one thou and nine hundred and fifty s
and 1n the fifth year of Qw Reign

BY COMMAND

' PRTTONTAINL
Provincral Secretary
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PUBLIC HEARINGS
LIST OF BRIEFS PRESENTED

CI1Y OF WINNIPEG—ROOM 200

6

-~

16
17
18
19
20

21

LEGISLATIVE BUILDINGS
City of Winnipeg
Citv of St Boniface
Winnipe, Chamber of Commerce

Municipality of St Vital

Canadiwn Manufacturers As<ociition
Metropohitan Planming Board

Downtown DBusiness Associatton of
Winnipeg

Winnipeg Builders Lichange
Munteip ity of Charleswood

Flmet D Shicr

Assoctition of Professionil Tnoineers
Town of Sell nk

Municipality of Last kildonan
Town of Tuvedo

Manitohy Tarmets Union
Muntapality of St 11ancos N
Mr and Mis 8 DM Allman

City of 8t James

Municipality of Cirtier

Mr J L Bickert

American Industries—Dr P Steinchemn

(ITY OF BRANDON—C OURT HOUSE

22

23
24
25
26
27
28

City of Brandon—Brandon Chamber of
Commerce

Assimboine River Control Group
Miniota Flood Control Group
Muncipality of Woodnorth
Muneipality of Sifton

Mr Wilhams

Village of Binscarth
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Mi: D M Cameron Mehta

Village of Wawanesa

Alr Rod Clement M T A Russell, Man
Mr O McKw Reeve of Whitehead

Mr Shea of Brandon

PORTAGY T A PPAIRIL—COURT HOUSE

34
35

36
37
38
59
40
41
42
43
44

45
46
47
48
49

City of Portage la Prurne

0 kville and Distizet Chamber of
Commerce

Munapality of Victoria
Munieipality of Cartier
NMunierp ity of Westhomne
Mt Dan (Jason) Prystach
\Mumapahity of Cildwell
A T NMoore—W T luliv
Mr Saunderson

R A Ballo

A C bissons

AMr Walfied Metcalfe

Ar YW J Healy

Mr C 1 Ogletiee

Mayor 1T L IHenderson
Mr Wood Oakwille

NMr
A

TOWN OF MORRIS—MUNICIPAL HALL

50

Southern Red River Valley Conservition
Group

Auniaphity of Hanover

Agricultuial Institute of Canada \lorden
Branch

Morden Chamber of Commerce

Muniewpuities of Thompson—Dufferin—
Roland

Mr Beverly Mustard Chairman Tobacco
Creek Watershed Flood Control Com
mittee



Appendix C

LIST OF MEETINGS WITH OUTSIDE GROUPS

U S Army Corps of kingimeers in 8t Paul Minnesota

Construction Aggregate Corporation of Chicago Mr J R Sensitbar Vi
G T Rocke Mr Clyde Dawvis

St Anthony Talls Hydiaulic Laboratony
Straub in St Paul Minnesota

meeting with ™ Lotenz ¢

Mir Cal H Cunoun Direetor of Industrial Resources Internationil

Cooperation Admimstration Washington D C
Mr H G Riesen Regional Duector of PF R A

Meeting of the Churman of the Commission with Mr M Carter
McI'ulind in Washin_ton wnd Mr Bradford Smith in Philadelphia
re Flood Insurance

Mecting with Members of Vaiious Utilities

AMceting m Fugo with officials of the US Department of Aericulture
So1l Consery ytion Service North Daklota State Water Consery ation
Commission the Missowl Souris Project 7S Depntment of the
Tntertor  Burewn of Reclunation Bismarck Corps of T nainecers
US Atmy St Paul

Con truction Aggregite Corporition M1 C T Rocke Mi Clyde Davis

D1 Totenz C Straub Duector of 8t Anthony I'alls Hydiaulic Taboratory

Visit to Winmipeg, of M1 F I Mwmphy Consulting Tngimeer from Ottawa

Ar Gordon MacKenzie Duector of PE R A Regina Mr R I Clail
Department of Northern Affins Ottaw 1

\eeting with practieal constiuction contractors

Meeting with Real Estate Liperts

Meeting with Brid e kixperts

Meeting with Dyking Comnussion

Vistt of the Commissioners to Washington D ( to study Flood Insurance

T'hcott Diedgin, Company

Meeting, 1n a0 with Corps of Lngineers U S Armny North Dakota
btate Water Conservation Commission Soil Conservation Service
Watershed Planning State Conservation Service

Eastern Tiibutaries Diversion Meeting

Visit to the Mississippn Rivet Commission and US Army Corps of Fn
gineers Lxpetimental Station at Viel sbury, Mass

Meeting with D1 Torens C Straub of St Anthony 1alls Hydraulic
Laboratory in Viinneapolis 1e Mudry Repoit on Chinnel Improvements

Meeting re Loss of Farin Income

Meetmg in Letellier with Red hiver Valley gioup re Pembina Dam
Meeting with Mx R ( Hug, ud re Lilicott Dredging Report
Meeting with Lower Red River Valley Water Commission

Meeting 1n Russell with Repiesentatives of the area
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Junuary 10 11 1957
January 24 1957
Jwmuuy 285 190/
April 18 1957

June 4 19n7

Julv
Nay 29 1007

1947

Tulv & 19y
Vg ust 20 1907
September 25 1907

September 26 1997

October 23 1907
November 19 1957
Novembher 20 1907
November 26 1957
November 27 1957
December 4 5 and 6 1957
January 11 19a8

January 29 1955
1ebruary 7 1958

February 23 24 2o 1928

Tebruarv 2% 1908
March 5 1955
Apnil 17 1908
Apul 17 1958
September 17 1928

September 27 1Yn%



Meeting with Representatives of the Citv of Portage 11 Frairte Mum
capality of Portage la Praine Mumcapality of Cartier and Mumu

pality of 8t Francois \avier October 10 195%
Meeting with North Dual oty State Water Comnussion and Vit to

Carrison Dam October 17 1958
Meeting with Mr Gordon MicKenzie ind Mr R 11 Claul October 22 1956

Mr R Calton Duector of Planmine and Research U'S Army Corps of Ingineers has visited with
the Commis 10n on the following dates
June o and 4 19,7 Lebruary 25 and 26 1858
November 12 1907 VMay 22 and 23 1958
June 19 and 20 19,8
July 24 and 20 1004

December 18 and 19 1958

Lhe Public Hearings of the Commission were held as follows

Winnipe, N 7 and § 1957
Brandon May 16 1907
Portace 11 P1urie May 17 1907
Mornis Junc H 1957
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Appendix E

ADDITIONAL DETAILS ON METHODS FOLLOWED IN THE
PREPARATION OF STAGE-DAMAGE ESTIMATES

T Damacr 10 AssFssPD VAIUE RELAIIONSHIPS

As wig explamned above in Chapter 6 the records of
the Red River Valley Board and the Mamtoba Flood
Relief Fund provided us with much of the basic data
used 1n owr estimates of flood damages to residential
and other types of property  The following paragraphs
deseribe the way in which these data were utilized to
provide our basic damages to assessed value relition
ships

Tor the Creater Winnipeg area a sample was
selected from all the houses on which the Red River
Valley Boird made reconstiuction payments in 1950
This sample was chosen so as to nclude a fanly com
plete remesentation of all the moie deeply flooded
houses  The number and percent of the total number
of houses flooded for each flood level that were included
in the sample are given in the following tible

Table E 1

SAMPLE OF HOUSES FLOODED IN 1950 —
GREATER WINNIPEG

Number of

Flood Level over Houses 1n  Total Houses
Main Floor Sample Floodedn 1850

4 feet and hi her 847 847

3 feet above 256 512

2 feet above 262 786

1 foot above 191 955

Tust over Floor Tevdl 146 438

Below Floor Leucl

1 foot to 3 feet 644 6 440

4 feet or more 567 567
Iotal 2913 10 545

Notr All houses having a selhng value of $10 000
or more were included

From the mformation available 1n the onginal cards
the following information was recorded for each house
name of owner and address ground floor area type
age estimated selling price level of flooding 1n 1950
and final damages awarded by the Red River Valley
Board Data on the egqualized assessed value for cach
house 11 the sample were recorded from ecrty assessment
offices 1his sample was then matched up with the
data on damages to personal property recorded in the
files of the Mamtoba Flood Relief Fund Since thesc
latter files also mmcluded a record of elaim payments
made by various msurance companies to people who
carried  ‘Aoater pohecies  they prowvided a relativelv
complete picture of damages to personal property

The data in this sample were then analysed with
IBM equipment to provide straight line least squares
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relationgships between damages to 1eal and personal
propeity on the one hand and on the other hand the
equalized assessed value of the house and the ground
floor area  Relationships between these vanables were
obtained for different flood levels and for different age
croups and types of houses  For the analysis of houses
by age groups all houses were grouped into three
categories mnaymely old houses built before 1920
medium age houses bwlt from 1920 to 1935 and new
houses bullt fiom 1936 to 1950 T'or the analysis of
types of houses all houses were classified mnto three
groups bungalows one and onec half stormes and two
or more stories Not all of these relationships were
used 1n our finil assessment of flood damages since mn
some mestances the differences were not judged sigm
ficant and 1n other cases there was not enough informa
tion on the type or ige of properties flooded to permt
appleation of these data For example not enough
information was available on the propoition of bunga
lowns as compared to other types of houses at different
levels of flooding to permit application of a flood
damages assessed value 1elationship according to type
of house

The results of this analysis are presented in Plates
3210 37 Plates 32 and 33 show the 1egression lines by
flood levels for real and personal property related to
equalized building assessments for dwellings 1n Greater
Winmpeg Plates 34 and 35 show similar 1egression
lines by flood levels for real and personal property
related to the ground floor area of the dwelling  Plate
36 18 = scatter dingram showing at one prticular flood
level the way in which the indivaidual observations are
distributed around the regression line measuring the
average relationship between these real property
damages and egquahized building assessment Finally
Plate 37 shows for two age groups of houses the
different relationships obtammed for real piroperty
damla.ges per square foot of floor area at different flood
levels

II DAMAGES TO INVENTORIES AND KEQUIPMENI
BusinLss AND INSTITUTIONAL BUILDINGS

Flood damages to fixtures machinery and equip
ment 1nventories and supphes and other contents of
huldings were estimated on the basis of information
obtaned from a questionnaire sent to a selected sample
of business fims i the Greater Winnipeg area The
sample ncluded all larger firms 20 percent of the
medium sized fums and 5 percent of the smaller firms
Tach business firm arculated was asked to provide
information on the flood damages and flood fighting
costs that would occur on his premises for three major
depths of flooding the value of his mmventories and
fistures ete the ground floor wrey of his building and
the loss of mcome he suffered in 1950 These dats
were tabulated to show damages per squate foot of floor
area for different depths of flooding  The two relition
ships obtained ate shown in Plate 3%

A copy of the questionnaire used 1 this survev is
shown below




CONFIDENTIAL

ROYAL COMMISSION ON FLOOD COST-BENEFIT
Survey of Possible Flood Damages

Business, Industrial and Institutional

Name
Address
Nature of Business or Institution
1 What 1s the are1 of your man floor® sq feet
2 How high 1s your main floor aboie ground level? feet
3 Value of inventory fintures and equipment

Include data for bisement and mn floor only

(2) Value of fixture michinay ind equipment ]

(b) Value of inventory (merchandise raw materials supples ete) 3

4 Flood Damages

How much damage do you estimate would be ecaused by floods of the
following magnitudes

Damge to merchandise

Damage to fixtures raw materials supples
machinety and equipt et
Blood level at your locition
(a) feet of water at ground level
(The level reached 1 1826) $ g
(b) feet of water above below ground
level (The level reached m 1852) 3 3
(v) feet of water above below ground
level (1he level reached in 1861) b $
Noies

(1) Include damages at this addiess only

(11) Where w 1ter level 18 shown as 1 given number of feet below _1ound level basement flooding may
still occur - You are asl ed to issume that 1n each mstance the dykes would be overtopped and
the sewer pumpim, stitions would be out of action so thit vour basement might flood even 1t
the water had not 1eached ground level in your area

(1) Where merchandise o1 equipment can be convemently and quickly moved to higher levels on
your premises you may wish to issume the loss to these items would be zero but before you
assume any remov il of propeity to other bwildings remember that m 2 major flood covering a
large portion of Winmipeg storie spice i other piemises may be difheult to secure

(v) Include as machmery fivtures or equipment any thing that 13 not in mtegral part of the building
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o Fxtra costs to your business that mught result from a major flood

Tnelude

(a) Costs of moving equipment and 1nventory to higher levels
(b) Exatra storie costs of the same

(e) Cost of clean up after a flood

(d) Cost of fishting Hoods (sand bagging pumpin, etc )
101A1 of above for flood at your location equal to
feet of witer on ground
feet of water above below ground
feet of water above below ground

G Toss of Income

(a) Were you m business 1n Winnipeg in 19507 (yes o1 no)

1If yes whitlossof income did your business suffer is a result of the
190 flood?

How larie was this loss as 1 percent of your annuil net income
before tax?

(INCLUDE loss of gross revenues less iny treduction m operatin,
costs 1e supplies miterials libor fuel power etc)

DO NOI INCLUDE iny loss that was later recovered as 3 result
of mncreased business dunng the flood rehabilitation period

Signed

Official Position

Please complete and return before July 31st to

Roy il Commussion on Tlood Cost Benefit
2nd Floor 149 Colony Street
WINNIPEG Manitoba

lelephone No SPruce 4 1451

percent

If you have anv questions 1egading this questionn ure pleise do not hesitate to telephone us or come

mto our ofhce
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II1 Gross Incomr CREATLR WINVIPKG MriHob OF
ksTIMATION

As a basis for estumating the loss of mcome that
would oceur 1n Greater Winmpeg during major floods
an estimate was prepared of the Lross income produced
in the area The basis on which this estimite was
prepared is as follows

(a) Total Personal Income M initoba
1956 $1 07t (nullion)

$ 130 (xulhon)
$ 941 (mmlbion)

(b) Farm Income Mamtoba
(¢) Non farm Income Mamtoba
(d) Civilhan Labor Force Mamtoba

1956 June 1 310 000
{e) Armed Services Mamtoba (1951)

June 1 6 000
(f) Total Labor Force (d plus €) June 1 316 000
(g) Less Unemployed (8 000) June 1 308 000

(h) Agricultural Labor Force Mim
toba (reduced from $0 000 to allow
for non agricultural work per

formed by furm workers) 60 000
(1) Lkmployed Non Agricultural Libor

Torce 1956 (g ) 248 000
() Income per Employed Person —

Non Agricultural (e —1) $3 794

(k) Addition to cover Depreeiation and
Difference between national and
personal income — 109 § 379

(1) Gross Income per kmployed Fer
son Manitoba Non Agricultural $4 173

(m) Gross Income per Employed Per
son Greater Winmpeg 1956 102
percent of provincial average
(102x4 173)= $4 256

(n) Cross income per employed person
Greater Winnipeg 1957 (inerease
1 average weekly earnings March
1956 to March 1657)

=(4 276X105 4) =4 486—sy 84 500

(o) Civilian Labor Force Greater
Wiunipeg June 1 1956 160 761
Persons with jobs 162 151
Armed forces 1 500
163 651

Lstimate based on 1atio of labor
force to population supplied bv
Dominion Bureiu of Statistics

(p) Gross Income per annum Creater
Winnipeg bisis 1956 labor force =
163 651 x £ 500 =

(q) Cross Income per annum Gieiter
Winnipeg 1957 (Indes of employ
ment for Creater Winnipeg shows
an meiease of 16 percent for May
1957 over May 1956) =736 420 500
%101 6 = $748 212 400

$736 429 500

(r) Gross Income per month Cieater
Winnipeg 1957 =62 3 nullion or

(1n round figures) $ 60 000 000

Gross mcome ncludes loss of depreciation on major
facilities—since deprcciation will continue even
absence of use and may occur at in 1ccelerated rate
It also includes a tictor to adjust personal income
to a net national income basis

IV Loss oF 11rLp ( ROP INCOVMVE

A Red Pwer Valley St Norbert to Emerson
Estimates of loss of field ¢iop income were prepaired
for the following threc reaches 1n the valley

Reach 1—Franklin Montecalm and Rhineland
Reach 2—WMor 15 and DeSalaberry

Reach 3—Ritchot Maedonald Fort Garry and
St Vital

(a) Areas flooded

The estimated aicas flooded 1n each of the three
reaches tn floods of the magmtudes of those that
oceurred 1n 1945 1950 1892 and 1826 aire as follows

Reach 1 Reach 2 Reach 3
1948 24 100 acres 40 000 acres 3100 acres
1950 84000 ¢ 125 500 ¢ 107 000

1852 146 000 196 000 ¢ 181 000
1826 185800 224 200 206 000

(b) Acreage seeded to various crops

The allocation of land to various crops and other
uses 1 each of these thiee reaches was estimated to be
ag follows

Reach 1 Reach 2 Reach 3

(Percent of total area)

lotal seeded 680 740 680
Wheat 26 0 370 330
Barley 210 170 165
Qats 100 110 140
Flax 50 60 40
Other 60 30 5
Summer fallow 180 180 180
Pasture 46 37 45
Unimproved 74 30 61

(kstimates based on data given n the 1951 census
and on information with 1espect to cultivated acreage
tor Cinadian Wheat Board delivery points )

The acrerge seeded to varwous crops mn each flood
was estimated by applyin, the above percentaes to the
total flooded areas in eich reach

(¢) Averige yields

kstimated yields for each crop were based on data
compiled by the Lvans Statistical Service for the
tollowing, delivery points

Rewh I—Tetellier Domimon C1ty ind Lmerson
Reach 2—Aloins and St Jean
Reach 3—5te Athe and Sidver Pluns

Sourcr or Dara  Income daty from Vatwnal Accounts Income wrd I'vp nditure 19,0 56 (¢mployment and civilian Iibor
foree data from Survey of Labor Force Dominion Bureau of Statisties Income in Creater Winmpeg as percent of provincial average
based on data mven 1n Taxation Stahisties 1950 Department of National Revenue Ottawa data on Armed Torces fiom ( ensus
of Canada 1951 Vol IV data on employment and average hourly earnings from current Monthly Reports Dominton Bureau

of Statigtics



These yields were as follows

Wheat Oats Barley Flax
(12Yr (8 Yr (8Yr (8 7Yr
Av) Av) Av) (Av

Reach 1 177 360 250 91
Reach 2 17 3 287 20 6 93
Reach 3 16 6 308 186 84

The above yields were coriected by provincial
average 1atios between the yields for the period covered
by the above averages and the avera_e vield for a
22 year period The corrected estimates were as
follows

Wheit Oats Barley Flax

Reach 1 1652 3269 2397 880
Reach 2 1645 2014 1974 907
Reach 3 1574 2804 1783 8§19

(d) Estimate of date seeding would have tiken place
in 1950 1852 1%26 and 1948 1n the Red River
Valley had the water not been on the land

There 1s reason to believe that the disaster con
ditions which produce a flood would also produce late
<eeding even 1f the water were not on the land Fx
aminition of peak dischaige figures and dates of
seeding 1 Maimtoba indicated a relationship of this
type From this relation 1t was estimated the date of
seeding 1 the Red River Valley had the flood not
covered the land would have been as follows

1948 May 12
1950 May 21
1852 May 24
1926 May 25

(e) Estimate of date ground would be swtable for

seeding after floods of 1852 1950 1826 and 1948

It was assumed that there was a positive relationship
between the volume of dischaige and the dite of the
flood peak  After examination of a seties of hich dis
charge years a relationship was ecaleulsted The
theoretical dates for the flood years were (for Winmipeg)

1948 April 28
1950 May 12
1852 May 23
1826 May 23

An examinat on of the dat seemed to mdicate that
the number of days 1t took the Red River to return to
1ts banks after the peak depended upon the mavimum
discharge A theoretical straight line relationship was
calculated and the following figures for the lag after
the peak were determined

1948 10
1950 15
1852 33
1826 46

Since some land would be free from water almost 1m
mediately and other land not until the aboye number of
days had passed the latter were divided by two to give
an average lag

Tnally 1t was assumed that after the water receded
from the land 1t would take 30 days for the land to dry
Thus for Winnipeg the dates when the land would be
suitable for seeding were

1948 April 28 plus 5 plus 30 =June 2
1950 May 12 plus 8 plus 30 =June 19
1852 May 23 plus 11 plus 30 =July 9
1826 May 23 plus 23 plus 30 =July 15

Since the peak would have been reached further
down 1 the valley at an caiher date it was estimated
that the land would be dry 5 diys earlier in Reach 1
3 days earlier in Reach 2 and 1 day 1n Reach 3 for the
three lirger floods and 3 2 and 1 day cailier for the
1948 flood

Once the dites of seeding with and without flood
water had been cilculated the decline in yield which
1esulls when seeding, takes place 1n the former rather
than the latter remuned to be determined

There 1re some experimental data available on crop
yields s 1 function of the dite of seeding (Mimtoba
Fxpennientil Stations Progress Reports 1936 1947
Melita Report Agricultural Institute Review Jan
Teb 1957 Pa,e 18 Flix a Good Cash Ciop by P J
Olson) From these data curvesshowing the percentage
of the iverage of the vield at various eeding dates
were detetmined (See plites 12 13 14 and 15
Chapter 7)

Applying these curves to the dates calculated
above the declines mm yield cin be estimated

Yieip 1r Wairr Hap Not BreEN oN Tanp

Reach 1 Wheat Barley OQOats T'lax
1948 16 8 240 327 88
1950 16 8 230 327 88
1852 156 220 327 88
1826 153 217 327 88

Reach 2 Wheat Barley Oats  Flax
1948 16 4 197 261 9
1950 16 4 190 261 9
1852 153 181 261 9
1826 150 17 8 261 91

Reach 3 Wheat Barley Oats Flax
1948 157 17 8 280 82
1950 157 171 280 82
1852 14 8 16 4 280 82
1826 145 161 280 82

Y1 vos wita Froop

Reach 1 Wheat Barley Oats Flax
1948 112 188 286 8 80
1950 28 148 214 8 80
1852 81 110 44
1426 62 84 30

Reach 2 Wheat Barley Oats  Flax
1948 109 153 226 91
1950 18 112 16 6 91
1852 60 80 45
1826 45 59 30

Reach 3 Wheat Bailey OQats  Flax
1948 106 133 237 82
19650 11 99 170 82
1852 49 84 41
1826 34 b5 30

It has also been assumed that the delay in the seed
mg date would cause a reduction 1n the quality of the
final crop by two grades in the case of barley and wheat




These were cortected by a ratio of 12 and 8 to 22
year averages of provineial yields The 1esulting
yields were

Wheat

20 27

Qats
27 80

Barley
21 26

Flax
882

ABSOLUTL YILLDS WITH NO INUNDATION

Year Wheit Oats Barlev  Flax
1922 20 27 27 80 21 28 882
1923 20 27 27 80 21 26 882
1927 20 27 27 80 21 26 882
1955 20 27 27 80 20 75 882
1956 20 27 27 S0 21 26 582

YiFLps wil#® INUNDATION AS A PERCFNTAGL OF THF
Y1rLD oN I'Loop Fr¥F T AND

Year W heat Oats Barley  Flax

1922 286 374 50

1923 417 42 6 6o

1927 417 426 6o

1955 200

1956 255
ABsoLurr YIrrps wile INUNDA FTON

Year Wheat Qats Barlev ax

1922 S0 50 44

1923 116 91 a7

1927 116 91 A7

1955 64

1956 54

It 1s assumed that the price per bushel of wheat 15
$1 35 of barley 93¢ oats 62¢ and of flax §270 Tt 1
further assumed the operating cost per acte is for
wheat 31205 harley $11 90 oats $11 10 flaxn $11 60
and summer fallow $250 In flood years 1t was
assumed that the .rides for barley and wheat would
he lower The prices applhicable would be 89¢ and $1 24

The loss of income per acre from each field crop in
each flood year was calculated as follows

Year Wheat Oats  Barley Tlax
1922 817 %1 R 64 %1037 ¢11 03
1923 17 %1 8 64 1037 542
1927 17 81 S 64 10 37 5 42
1955 17 81 S 64 0990 14 71
1956 17 81 & 64 10 37 1471

Total area (occupred land) of the Munieipalities of
Portage la Prawrie Cartier 3t Frincois Xawier and
Macdonald 1s 865 134 acres

DisTriBUTION 01 ARkA Aviong L1z CrOJS

Percent of Total

Crop Acres _Occupied Land
Wheat 180 746 20 89
Oats 98 601 11 40
Barley 209 843 24 26
Flax 25217 291
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The losses per each field crop in each flood year are
weighted by the percentage shown directly above and
divided by 100 00 since 1t 15 assumed that no loss of
ncome occurs due to flooding of unimproved or summer
fallow acreage In addition to the above losses 1t was
estimated that the cost of re sceding wn 1922 would
mncrease the loss by $3 00 per seeded acre for that year

Thus the loss pet acre of occupled land in each
flood year 1s

1922 $9 30

1923 746

1927 7 46

1955 7 54

1956 765

Average 7 89
T oss*1n 109, flood $7 89 x 8 000 =§ 63,120
Toss 1n 19, flood $7 89 x 204 800x 9= 1454285
Loss m 1% flood $7 89 x 435200x 9= 3 090 355
Loss 1 1% flood $7 89x1 105 900x 9= 7 852 996

*Average loss per acie multiphed by total area

multiphed by percent of total area that consists of
occupled farm land

C  Assimiboine Rwer Millwood to Brandon

The method of estimation follow ed here 1s the same
ag that used in Pirt B An average was taken of the
wctual loss 1n several flood years namely 1922 1923
1927 1936 1947 1948 1954 1955 1956 In these
years the flood stage was passed i Biandon and in
Millwood on the following dates

Medium
Brandon Millwood Point
1922 June 19 June 6 June 13
1923 June 1 May 18 May 25
1927 May 31 May 14 May 23
1936 May 3  Not Available  April24*
1947 July 16 No flood July 7
1948 June 4 May 17 May 26
1954 Tuly 27 July 5 July 16
1955 Tune 17 May 20 June 6
1956 June 24 May 28 June 11
*lstimate

Whete flooding occuried at Brindon but not at
Millwood 1t was assumed that flooding was confined to
the reach from St Lazare to Biandon

The area flooded between Maillw ood and Brandon 1s a
flat 11ver bottom with the land sloping away from the
nver  Asaresult the land would dry out very slowly
heing confined to the area between the river banks and
the edge ol the valley It 1s estimated that 1t would
require about 30 days for the land to dry sufheiently to
permut seeding  On this basis the land for the reach
fiom Miliwood to Biandon would have been dry
enough to work on the following dates (average dates
for the reach)

1922 July 13 1947 August 6
1923 June 24 1948 June 25
1927 June 22 1954 August 19
1936 May 24 1950 July 6

1956 July 11

In the above years wheat seeding was general n
Manitoba on the following dates (see Report on Crops




PLATE 32

~

(0]

[$4]

e
%
&
o / »
N / Xl Q;"(e’:\eé\//
& P
\0‘\6‘\\&\ é//x //
yu“/&/ s g /,/ )
/ // ,/ // ///
d -

REAL PROPERTY DAMAGES (THOUSANDS OF [950 DOLLARS}
H

// //Z ?ee:\ / //
I
x
Sy %//ﬁc -
ce!
/ X V ‘\ooﬂ/
n
3 // % /// = \\0‘00‘16 @0\
e L /// - //
i // é/é // / /// |, N 1
/ ater ot
P R i v L
- == —]
' r/I% F)‘/w n floor}
#’#/’#’ Blitod feet below mal —
S (4 1o 8 feet below main floor)
_.--,_,_._--—___———__.———
o}
I 2 3 2 . : 7 8
EQUALIZED 1957 BUILDING ASSESSMENTS (THOUSANDS OF 1957 DOLLARS)
NOTE

Equations of regression lines
for successive water levels

shown above are

+ 9 Feet (and higher)
+ 7 to 8 Feet
+ 6 Feet
+ 5 Feet

+ 4 Feet

+ 3 Feet

+ 2 Feet

+ | Foot

F

B
]

y - 092013 «x
y - 075719 «x

y - 070034 x

y - 066249 «x
y = 058311 x
y - 050064 x
y 049584 x
y = 034895 x
y=018713 x
y 009535 x
y - 00369! x

+ 984
+ 648
+ 762
+ 745
+ 652
+ 654
+413
+513
+ 500
+123
+172

ROYAL COMMISSION ON FLOOD COST-BENEFIT

REAL PROPERTY DAMAGES

RELATED TO
EQUALIZED BUILDING
ASSESSMENTS

BY F

DWELLINGS IN GREATER WINNIPEG

LOOD LEVEL

DECEMBER 1958




PLATE 33

~

2}

shown above are

+ 9 Feet (ond higher)
+6 to 8 Feet

+ 4 to 5 Feet

+ 2 to 3 Feet

+ | Foot

FBS

Equations of regression lines
for successive water levels

0

1 ey

<{

|

—

(@)

0

Q

79

o

T8

o

(7))

(]

25

<

g

3 ]
T

; 4 /‘/

]
§ / //
= L
- A
5 L
Q. L]

—— Sl
2 2 ]
/
§ 1{/ : e —
3 /é // W fioor) __,--—--""‘/#f
8 | -l ] el ‘kobo\le “)__0_\9_--*—"‘--
w —— - + | Foo
0_ 1
C-f—f*’“”f/ﬂ//
F B S (water on or below main floor)
O I 1 1 I I )i
| 2 3 4 5 6 7 8
EQUALIZED 1957 BUILDING ASSESSMENTS (THOUSANDS OF 1957 DOLLARS)
ROYAL COMMISSION ON FLOOD COST-BENEFIT
NOTE

y = 0 45125 x + 65|
y = 037274 x + 625
y = 0 25686 x + 469
y =0 239I18 x + 148
y = 014509 x + 198
y - 000366 x + 7I

PERSONAL PROPERTY DAMAGES

RELATED TO
EQUALIZED BUILDING

ASSESSMENTS
BY FLOOD LEVEL
DWELLINGS IN GREATER WINNIPEG

DECEMBER 1958




PLATE 34

— 7
[7p)
o /
3 P
o) =
(] 6 /
@)
. / /
w5 ‘Q\\\ / / ]
(] Ob
5 o
2 % V /
I 4 %Q B
L-, ~ O e\ /
w X 6??' / ~
Ll b )
2 / / %( '& / /
E 3 /1 //// ,L\OD: : ’_(\
o A iy
e / / : y 5
<
& /% LA g £1007
3 7 = g (wolel—
E | r
// // alito3 feet below main floo : —
//—-*—*'——-’“—-”"‘ 5 (4 to 8 feet pelow main floor -
L ] AL B
= 1 T
02 4 6 8 0 - ! |
GROUND FLOOR AREA (HUNDREDS OF SQUARE FEET)
NOTE ROYAL COMMISSION ON FLOOD COST-BENEFIT

Equations of regression lines
for successive water levels

shown above are

+ 9 Feet (and higher)
+ 7 to 8 Feet

+ 5 to 6 Feet

+ 2 to 4 Feet

+ | Foot

F

B

S

y =4 84950 x + 672
y -3 75117 x + 557
y - 302782 x + 682
y=2 76568 x + 216
y=198929x +193
y=1 24678 x + 105
y = 051971 x + 34
y-035724x + 14

REAL PROPERTY DAMAGES

RELATED TO
GROUND FLOOR AREA
BY FLOOD LEVEL
DWELLINGS IN GREATER WINNIPEG

DECEMBER 1958




PLATE 35

A\

/
/

PERSONAL PROPERTY DAMAGES (THOUSANDS OF 1950 DOLLARS)

3 N -
6‘M§ﬁ
?6§UW < ////
x2 ¢e |
2 /’@ 2 L]
/ Fee‘\ / //
B Cetl IR NION 1) g _— -
/ /‘/r o) Flee‘ L] ____,.»-v-'"/‘
////;///’ o ‘/ji?EL’ﬁ/’f/ omeEQf“"#/
! ’// 7 | Foot (above T
/ |
—1 ///‘._/__,--f
] F B S (water on or below main floor)
O T 1 1 1 Y 1
2 4 6 8 10 2 14 6
GROUND FLOOR AREA (HUNDREDS OF SQUARE FEET)
ROYAL COMMISSION ON FLOOD COST-BENEFIT
NOTE

Equations of regression lines
for successive water levels

shown above are

+ 9 Feet (and higher)
+ 6 to 8 Feet

+ 4105 Feet

+ 2 to 3 Feet

+ | Foot

FBS

y = 2 36483 x + 368
y = 2 00695 x + 350
y= 126273 x + 340
y | 09457 x + 109
y- 088145 x + 26
y=002093 x + 54

PERSONAL PROPERTY DAMAGES

RELATED TO

GROUND FLOOR AREA

BY FLOOD LEVEL
DWELLINGS IN GREATER WINNIPEG

DECEMBER 1958




PLATE 36

8c6l ¥3IBW3I3Q

40014 NIVW 3A08V 1334 OML 3300014
O3dINNIM H31v349 NI SONITI3MA

SLNINWSSISSY
ONIdTINg d3ZINvno3

Ol d341v3d

S3OVIAVA ALY3dOdd Tv3d

1143N38-15S00 dO0T14 NO NOISSINWOD TYAOY

(SHVT10Q LG6l 40 SANVSNOHL) SINIWSSASSY ONIGING 2G61 d3ZIvnd3

9

i

14

¢

2

0

\

\

6

8

L

W

e

0026

[0 4°F ]

0059

(SYVT10Q 0S6l 40 SANVSNOHL) SIOVINVA ALHIdOHd Tv3YH




PLATE 37

REAL PROPERTY DAMAGES PER SQUARE FOOT OF GROUND FLOOR (I950 DOLLARS)
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>%< X

BUILDINGS OVER 37 YEARS OF AGE

-2 FLOOR 2 4q 6 8 10
WATER LEVEL (FEET BELOW AND ABOVE MAIN FLOOR)

ROYAL COMMISSION ON FLOOD COST-BENEFIT

REAL PROPERTY DAMAGES
BY FLOOD LEVEL
TO

DWELLINGS IN GREATER WINNIPEG
FOR TWO MAJOR AGE GROUPS

PER SQUARE FOOT OF GROUND FLOOR

DECEMBER 1958
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Appendix F

RELATION OF GROWTH TO BENEFIT-COST ANALYSIS

When benefits arising out of future growth are included 1n 4 benefit cost 1atio 1t 15 necessary to
discount benefits that will only appear some time in the future The correct approach would appear
to be as followns

Let the following seres stand for the annual costs of the flood protection scheme under consideration
C G C (G (y for n years wheie n s the period over which the project 15 to be
evaluated normally 50 years Then the present capital cost of the pioject will he as tollows

Cy ¢ C 4
Cn=Ci+ + T .t +
(141 (I+1) A+ (141)
1 1 1
=Ci | 1+ + L+ +
(141 A+ (142

w here 113 the interest rate

Next let the annual Lenefits resulting from the project be as follows
B| Bz Bn

The present vilue of these benefits will be given hy the formula

-

B, 1; Bn
B =B+ — +————~2+ 8 B
(1412 (142 (14 1)
If 1t 1s assumed that no growth occurs so that the annual benefits remain con tant and equal to By then
B1 P1 B1
Bn= B+ + Z+ S—
I+ (1+79) (1+1)
1 1 1
=D 14 + ) + + —
(1+1) (1+72) (141

In thig instince the ratio of the present 1 ilue of benefits to the present ¢ wital cost of Bn+ Cn s
also equal to the benefit cost ratio By — (4 that 15 constant annual benefits divided by annual costs

If we now assume that the annuil henchits are _radually increasing the ahove equality 18 no longer
true thait is By — Cy cannot be taken as a correct representation of Bn = Cn

To sinphfy let us assume that By grows at a con tant annual rate r then

2 n_l—
1+1 (147 (L+7)
+ + —

2 nl
Ty (119) (I41) |

Bn= By} 14+

Rather than attempt to reduce this to a general formuls the above equations have been evaluated
for particular values of r and 1 Table 91

(Chapter 9) shows ratios of Bn to Cn where Bn 1s the present value of the total benefit over the
50 year hfe of the project and Cn 1s the capital cost of the project calculated for different values of r
the annual percentage rate of growth of benefits and + the rate of interest

121



Appendix G

INDEX OF ENGINEERING DATA USED

The following index 15 a hist of engmeering reports on Pacr
which the Commaission based 1ts findings 1 actors Affecting the Reliability of Dykes 16
The publishing of the complete reports would have Discussion 17
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