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FORWARD

The following information forms the initial submission of the Department
of Natural Resources to the Manitoba Water Commission in its review of

the 1997 Red River flood.

This submission is intended as background information. It outlines the
responsibilities of the various segments of the department that were
involved in the 1997 flood and provides information on the activities
carried out by the department prior to and during the flooding

emergency.
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INTRODUCTION

Manitoba Natural Resources is comprised of four divisions: Regional
Operations, Resources Programs, Land Information Centre, and Administration
and Finance. The Regional Operations Division includes five regions and
Headquarters Operations and is generally responsible for the delivery of
programs and services to the public. The Regional Operations boundaries are
shown in Figure 1. The Resource Programs Division is made up of the
Fisheries, Forestry, Parks and Natural Areas, Policy Coordination, Wildlife and
Water Resources Branches. This division is generally responsible for program
and policy development and planning.

During the 1997 Red River flood, Manitoba Natural Resources’ flood planning
was the responsibility of the Water Resources Branch with the delivery of
flood related services being carried out mainly by the Central Region. As such
the majority of the information contained in the following report has been
contributed by th2se two crganizations.
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values.

L construct, operate and maintain provincial water supply and water
control works to optimize the use of our water resources and minimize
economic and environmental damages.

® ensure that regulatory controls are applied and developments are
planned so that the optimum uses of water are not impaired and that
damage to water quality, property, and the environment is minimized.

» monitor the condition, use, and development of the water resources,
and maintain comprehensive and easily accessible water management
data bases.

W enhance the public’'s awareness and knowledge of Manitoba’s water
resources.

The Water Resources Branch is responsible for the administration of the
following Acts:

The Dyking Authority Act

The Water Commission Act

The Water Resources Administration Act
The Water Rights Act

The Ground Water and Water Well Act
The Rivers and Streams Act

The Lake of the Woods Control Board Act
The Water Power Act

The Water Supply Commissions Act

The Dyking Authority Act, Water Commission Act, Water Resources
Administration Act, Water Rights Act and Ground Water and Water Well Act
are included in the Appendices.

FLOOD FIGHTING

The Water Resources Branch has the primary responsibility for flood
management. This includes flood forecasting, operation of flood control
works, monitoring of flows and levels and dissemination of flood information.
The branch also interfaces with other branches, regional operations, the City
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of Winnipeg and imunicipal governments.

1.2 REGIONAL OPERATIONS - CENTRAL REGION
GENERAL ROLES AND RESPONSIBILITIES

Regional Operations coordinates delivery of natural resources programs and
services at the community level, including field services for resource
management, enforcement of legislation, operation of Provincial Parks,
waterways and water control works, emergency response to forest fires,
floods and drought, and coordination of hunter safety training and guide
licensing.

FLOOD FORECASTING SUPPORT

Regional engineering field staff conduct snow surveys as requested by the
Water Resources Branch. These surveys are used to ground truth, calibrate
and supplement snow depth and moisture content data collected from airborne
gamma radar surveys. The ground surveys are normally conducted during
February and March in years when significant runoff is anticipated.

FLOOD FIGHTING

Regional engineering staff are responsible for on-going maintenance and
operation of the flood protection systems existing at the communities of
Emerson, Letellier, Dominion City, St. Jean, Morris, Rosenort, Brunkild and St.
Adolphe.

Regional engineering staff are responsible for the direct operation and
maintenance of the Red River Floodway. Operation of the inlet control
structure gates is undertaken in accordance with adjustment instructions from
the Water Resources Branch. Regional engineering staff are also responsible
for the direct operation and maintenance of the Portage Diversion.

In addition, Regional engineering is normally responsible for monitoring and
emergency flood damage repair associated with spring run-off on Provincial
Waterways.

po
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During the 1997 flood DNR Operations Division took on additional
responsibilities of providing security and liaison within the dyked communities,
the provision of a search and rescue component within the flood zone and the
control of access to the flooded zone. These functions were organized and
implemented primarily by Natural Resource Officers using the organizational
structure developed for actioning project wild fires.
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2. 1997 FLOOD ACTIVITIES

2.1 FLOOD CONTROL OPERATIONS

2.1.1 RED RIVER FLOODWAY

DESCRIPTION
The Red River Floodway consists of the dyked channel, the west dyke,
and the inlet control structure.

The channel is essentially a huge ditch, excavated out of the prairie east
of Winnipeg; the bottom of this ditch is about 20 ft. above the bottom
of the Red River.

It runs for 29.4 miles from just south of St. Norbert to
just north of Lockport.

The average depth of the channel is 30 ft., but it is up to
66 ft. deep going through the Birds Hill ridge.

The bottom width ranges from 380 ft. to 540 ft.; the
topwidth ranges from 700 ft. to 1000 ft.

A total of 12 bridges (for highways and railways) cross
the floodway channel.

At the start of the floodway channel is a 7 foot high earth
plug that is called the lip. This earth lip prevents river ice
from entering the channel; ice in the channel could get
hung up on the top of the earth lip or get jammed in the
piers of the bridges, and significantly reduce the carrying
capacity of the floodway channel.

Where the floodway channel re-enters the Red River, just
north of Lockport, there is a concrete outlet structure. Its
function is to ensure that floodway water re-entering the
Red River does not cause erosion of the river bed and
banks.

During the 1997 flood, the outlet structure was reinforced
so that it could safely convey flows larger than its design
flows of 60,000 cfs.

The second component of the Red River Floodway is the West Dyke.
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Its function is to keep flood waters on the west side of
the Red River from entering Winnipeg.

This dyke starts on the west bank of the Red River and
runs west and south.

When constructed in the 1960’s, it ran 20 miles in length,
ending about 11 miles west of Ste. Agathe.

In 1997, because of the high river levels and the
possibility of Red River water flowing into Winnipeg
around the West Dyke’s western end, an additional 21
miles were added and portions of the existing West Dyke
were raised.

The third component of the Red River Floodway is the Inlet Control

Structure.

It is located on the Red River just south of St. Norbert.
Its function is to regulate the flood water levels on the
Red River at the entrance of the floodway channel.

The water levels are regulated via two gates. During low
flows the gates sit at the bottom of the river, under 8 ft.
of water. But during flood flows, they are raised to
regulate the upstream water levels.

The gates are each 112.5 feet long and 34.8 ft. high
when fully raised.

These heavy, large gates are anchored to a huge concrete
structure that exists to hold the gates.

It is made up of over 100,000 yd® of concrete, 85% of
which is below the bottom of the river. It sits on
bedrock.

Just downstream of the gates is a concrete flip bucket,
which absorbs the energy of the water as it flows over
the gates.

OPERATING RULES

Following the construction of the Floodway, the rules of operation were
finalized. They are summarized here:

ICE CONTROL:

MANITOBA NATURAL RESOURCES
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If the water level at James Avenue is under 15.0 ft., and
if the water level at the Floodway Channel Inlet is under
750.0 ft., and if heavy ice floes are occurring on the Red
River, raising the Floodway gates is postponed to prevent
ice floes from entering the Floodway channel. This is in
order to limit the amount of erosion that the ice could
cause in the inlet area of the floodway channel.
® Since that time, experience has demonstrated that ice
entering the floodway channel can hang up on the lip,
or jam up against the bridge piers, and so reduce the
capacity of the channel. Therefore, the rule was
revised to require delaying of the raising of the
floodway gates until ice is flowing in relatively small
pans, regardless of what the water level is at James
Avenue or at the Inlet.

CONTROL OF EROSION ON THE FLOODWAY LIP:

Delay raising the Floodway gates until such time when

raising the gates would result in at least a one foot depth

of flow occurring over the lip. This is in order to reduce

the amount of erosion damage on the lip.

® Since that time, experience has shown that 752 ft. is
a better initial water level at the Inlet for preventing
erosion.

To reduce the amount of erosion damage on the lip near

the end of a flood, when water levels are falling, the gates

should be fully lowered when the water level at the Inlet

approaches 751 ft.

® Since that time, experience has shown that the City
of Winnipeg’s pumping costs increase dramatically
when water levels are above 15 ft. at James Avenue
(and there is a coincident rain), and that lowering the
gates in one ‘shot’ results in a fairly significant wave
travelling down the river. Therefore, the water level
at the Inlet is kept at 752 ft. or so until the James
Avenue level drops well below 15 ft., and the gate is
lowered in two ‘shots’ to minimize the size of the
wave.

FLOOD CONTROL OPERATION:
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There were a set of rules developed for that period when
ice is no longer a problem, but prior to the late part of the
falling stages; this period could be called the period of
'high stages’ These rules dictated what water levels
were to be maintained at the Inlet and within Winnipeg:

For natural flows on the Red River north of the

Assiniboine River up to 169,000 cfs:

® maintain natural water levels on the Red River at the
Floodway Inlet

For natural flows on the Red River north of the

Assiniboine River from 169,000 cfs to 189,000 cfs:

® maintain a water elevation of 751.5 ft. at the
Redwood Bridge (which is equal to 25.5 ft. at James
Avenue)

® raise water levels at the Inlet above natural to a
maximum of 775.8 ft.

For natural flows on the Red River north of the
Assiniboine River from 189,000 cfs to 199,000 cfs:
® when flows reach 190,000 cfs, the City’s primary
dykes will be raised to level 30.5 ft.
® the water elevation at the Redwood Bridge will be
allowed to reach 755.5 ft. (29.5 ft. at James
Avenue), with the water elevation at the Inlet being
775.8 ft.
® if there are construction delays in raising the primary
dykes:
L water elevation at the Redwood Bridge will be
kept at 751.5 ft. (25.5 ft. at James Avenue)
° the water elevation at the Inlet cannot exceed
778.0 ft.

For natural flows on the Red River north of the

Assiniboine River from 199,000 cfs to 217,000 cfs:

® the water elevation at the Redwood Bridge will be
maintained at 755.5 ft. (29.5 ft. at James Avenue)
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water levels at the Inlet will be raised, as required, to
a maximum of 778.0 ft.

For natural flows on the Red River north of the
Assiniboine River above 217,000 cfs:

water levels at the Inlet will not be allowed to exceed
778.0 ft.

1997 OPERATION

In 1997, during the period of high flows, operating rule 2 was
used, except with one modification: a water level of 24.5 ft. was
maintained at James Avenue. A water level of 24.5 ft. was used
for three reasons:

With a James Avenue elevation of 25.5 ft., the
theoretical freeboard on the primary dykes would be
only 1 ft.. With waves during windy spring days, the
uncertainty in calculating the design elevations for the
dyke for such an elevation at James Avenue, the
uncertainties in dyke elevations given dyke erosion
and dyke settling, and given limitations in surveying
accuracies, the actual freeboard would be less in
certain reaches. Overtopping of these reaches of
dykes would be a real possibility.

A large number of surface drains in the newer parts of
Winnipeg that are designed to carry rainfall runoff
directly into the Red or Assiniboine Rivers enter the
river roughly at a James Avenue elevation of 24.5 ft.
With a James Avenue elevation of 25.5 ft.,
significant amounts of back flow would occur; some
of this would get into the sewer system, resulting in
significant amounts of basement flooding.

The secondary dykes in certain parts of the City,
especially those at the south end, would have been
overtopped. Even under the rule used in 1997, in
which James Avenue was allowed to go only up to
24.5 ft., the secondary dykes in the St. Norbert area
were within inches of being overtopped.

MANITOBA NATURAL RESOURCES
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The City Government had grave concerns about the
impact of a James Avenue water level of 25.5 ft.; it
explicitly asked that the James Avenue elevation not be
allowed to go above 24.5 ft. The City simply would not
have been able to cope with upgrading secondary dykes,
blocking the surface drains, and upgrading the primary
dyke where necessary, even with the help of the
Canadian Army. Therefore, with James Avenue at 25.5
ft., Winnipeg would have experienced a major increase in
damages.

The revised operating rule for the first gate operation of the spring
states that the Floodway gates shouldn’t be raised until the Red River
ice is broken up into relatively small floes, and these floes are moving

down the river.
'

However, this past spring, the ice on the Red River at
the Floodway Inlet remained in large, stationary pans
much longer than usual. By the evening of April 21,
the water level at James Avenue had risen to near 18
ft. and the Red River at the Floodway Inlet was over
4 ft. higher than the lip of the Floodway channel.
Nearly 7,000 cfs was flowing into the Floodway
channel.

Based on the Red River flow forecast, the James
Avenue water level was predicted to be well over 19
ft. by the morning of April 22 if the gates weren’t
operated.

Given the depth of flow over the channel lip, ice
hanging up on the lip seemed very unlikely.

The gates were raised at 10 pm, April 21. This point
in time is indicated by the boxed "1" in attached
Figure 2.

Ice jammed on the piers of the St. Mary’s Road bridge
on the night of April 21/22. Initial attempts at
breaking the jam by blasting were unsuccessful, but
the jam broke up around 6 am of the 22nd.

Large pans of stationary ice were in place in the river upstream of the
Inlet Control Structure till the late afternoon of the 22nd.

The gates were operated to keep upstream water
levels as low as practicable to reduce the possibility
that upstream ice would flow into the floodway

MANITOBA NATURAL RESOURCES
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channel.
® The pans of ice broke up and started flowing freely in
the late afternoon of the 22nd. The gates were then
raised in a series of steps to bring the upstream water
level up to natural levels.
Late on the 24th, it was observed that the riprap at the downstream toe
of the Inlet Control Structure was eroding. To facilitate placement of
new rip rap, the gates were raised to keep the downstream water level
from rising too much. This point in time is indicated by the boxed "2"
in attached Figure 2.
® Raising of the gates to accomplish this resulted in the
water level at the Inlet going 0.2 feet above natural.
® To maintain natural water levels at the inlet the gates
needed to be lowered as flows on the Red River
increased.
An engineering consulting firm had identified that the anchor bolts on
the gate cylinder servo-motor support beams were possibly weakened
by corrosion. A decision was made to install supplemental thrust blocks
on top of the support beams. (see "3" on Figure 2).
® During examination of the anchors it was discovered
that the west gate was slightly higher than the east
gate. After examining the operation records it was
concluded that the manometer that records the
amount that the west gate is raised or lowered had
malfunctioned.
® |[nstallation of the supplemental thrust blocks for the
west gate was completed late on April 27 (see "4" on
Figure 2). The west gate was lowered in a series of
steps on April 28 to make it equal in height to the
east gate.
® |nstallation of the supplemental thrust blocks for the
east gate was completed in the morning of April 29
(see "5" on Figure 2).
The gates were then lowered incrementally in order to bring the water
level at the Inlet back down to natural; this would have brought the
water level at James Avenue back up to where it should have been.
® During this series of gate adjustments, it was
observed that the water level just south of the Inlet
Control Structure rose higher than expected, given
the flows on the river and the gate elevations. It was
suspected that the equations used in determining the

MANITOBA NATURAL RESOURCES
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water level at different gate settings were developed,
back in the 1950’s and 60’s, using natural water
levels at the Inlet that were too low. That is, the
estimated natural water levels for this range of flows
may be actually higher than estimated in the 1950’s
and 60’s. This still needs to be determined.
On April 30 (see point "6" on Figure 2), a new forecast indicated that,
in a day or two, the gates would have to be raised to keep water levels
in Winnipeg from rising above 24.5 ft. (at James Avenue). Therefore,
no further gate drops took place.
On May 1st (see point "7" on Figure 2) the gates were raised 1/2 ft. to
keep the James Avenue water level from exceeding 24.5 ft. This
resulted in a peak water elevation at the Inlet of 771.3 on May 3rd and
4th.
® Using the natural water level curves developed in the
1950's and 60’s, this peak water level at the Inlet
was slightly over 1 ft. above natural. If the estimate
of the true natural water level being around 1/2 ft.
higher is correct, the actual peak was a bit over 1/2
ft. above natural.

The gates were lowered during May 5 and 6 in order to keep James
Avenue around 24.5 ft.; the water level at the Inlet dropped until it
reached natural levels (as calculated in the 1950’s and 60's).

Flows on the Red River began to drop quite quickly at this point (see "8"
on Figure 2). The geotechnical experts in the City were very concerned
that a sharp drop in water levels would result in major dyke failures. To
help reduce the rate of drop of the water levels in the City, the gates
were operated in such a way on May 7th and 8th so as to lower the
Inlet elevation a bit below natural, and so reduce the rate of drop in the
City.

From May 9th (point "9") to 30th (point "10") the gates were operated
to keep the Inlet elevation at natural.

From May 31st to June 2nd the gates were operated to minimize
erosion on the lip, and to minimize the size of the wave travelling down
the river once the gate was dropped. Since it was not raining at the
time, and there was no forecast of rain, keeping the water level at
James Avenue below 15 ft. was not a concern.

A list of gate operations is given in the Appendices.
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2.1.2 PORTAGE DIVERSION

DESCRIPTION

The Portage Diversion consists of a dyked channel, a diversion dam, and
a spillway dam.

The channel consists of an excavated channel with dykes on both sides.
It begins at the Assiniboine River and ends at Lake Manitoba. At its
north end, at Delta Marsh, the west dyke has a low section called the
failsafe that acts a spill section at higher flows.

The channel’s capacity is near 25,000 cfs. However, at
about 15,000 cfs water flows over the failsafe into Delta
Marsh.

The channel is 18 miles long. Its width varies from 175
feet to 1,200 feet, with an average width of 600 ft.
There is a drop of over 55 ft. in the 18 miles of the
channel. To keep the water velocities down to
acceptable levels, three concrete drop structures were
constructed along the length of the channel.

The diversion dam is located at the upstream end of the diversion

channel.
°

The spillway

It holds the gates that control how much water flows into
the diversion channel.

There are 4 vertical lift gates, 40 ft. wide and 14.5 ft.
high. As the gates are raised, the flow down the
diversion increases.

dam is located on the Assiniboine River, just east (ie.

downstream) of the entrance of the diversion channel.

This dam creates a reservoir covering about 1,600 acres.
During the summer and fall, the reservoir is kept at
elevation 869 ft.; its maximum depth is over 20 ft.. Over
winter, it's kept at 855 ft.

Within this dam is a concrete control structure with 2
Bascule fish-belly type gates 13 ft. high by 75 ft. wide.
During the spring they are raised and lowered to control
the amount of water flowing down the Assiniboine River.
During the summer, they are usually left in their fully-
raised position, and no water flows over them.
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In the centre pier of the dam is a gated pipe which allows
for summer-time releases when the Bascule gates are
fully raised.

In the dam there are two pipes for Portage la Prairie’s
water supply.

OPERATING RULES

There is one operating rule and a number of operating objectives for the
Portage Diversion.

The rule states that the flow on the diversion channel
must not exceed 25,000 cfs.

The main objective is to keep water levels in Winnipeg at
James Avenue below 17 ft. or 18 ft.

Secondary objectives are:

- Keep flows on the diversion channel below 15,000
cfs, so that the failsafe is not overtopped.

- When there is ice on the Assiniboine River east of the
Spillway Dam, keep flows in the river below 5,000
cfs. This is to reduce the chance of ice jams east of
Portage.

- When there is no longer ice on the Assiniboine River
east of the Spillway Dam, keep flows in the river
below 10,000 cfs, to minimize agricultural damages
and damage to the dykes along the river.

- Keep water levels on Lake Manitoba below 812.87 ft.

- Keep the daily water level changes in the Assiniboine
River east of Portage below 1 ft., to minimize bank
and dyke slumping.

Operation of the Portage Diversion structures during the early part
of spring is greatly complicated in some years by ice jams on the
Assiniboine River west of the structures.

Large ice jams occur at several locations; large quantities
of water and ice pile up, and when the jam breaks, a slug
of water and ice flows downstream, into the Portage
reservoir.

When this slug of ice and water enters the Portage
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reservoir, some of the water is stored but usually the
volume of water is large and much flows down the
Diversion channel and/or over the Spillway gates.

® The sheet of ice in the reservoir acts as a barrier to the
upstream ice. Depending on the year, this barrier keeps
most of the upstream ice from flowing further
downstream on the river, or down the Diversion channel.
In other years, significant quantities of ice flow out of the
reservoir and down the river and/or channel. Then, ice
jamming in the river or in the channel or where the
channel enters Lake Manitoba can happen. Ice jamming
on the river can cause flooding of adjacent property. Ice
jamming on the diversion or on the Lake can reduce the
diversion channel’s capacity.

1997 OPERATIONS

The large ice jams that had developed on the Assiniboine River west of
Portage broke on April 19 and 20. Large volumes of water along with
large quantities of ice flowed into the Portage Reservoir.

The diversion and spillway gates were operated to minimize the amount
of ice and water flowing down the Assiniboine River and to minimize the
chances of ice jams and flooding along the river east of Portage.

It was not possible to store the incoming ice in the Reservoir area, so a
fairly significant amount of ice flowed down the diversion channel.

A relatively large ice jam occurred on Lake Manitoba where the channel
outlets into the lake, in spite of ice weakening due to limited drilling of
holes through the ice. This ice jam caused a backwater up the channel,
reducing its capacity. The large flows down the channel, in combination
with this reduction in channel capacity, resulted in the failsafe being
breached for a few days. The failsafe area was eroded away, as it
always is when water flows over it. Some flow also occurred to the
east for several hours. The ice jam on the lake ice was blasted, and it
broke up on April 21.

Up to April 28th the flows in the diversion channel were kept low
enough so that repairs could be done on the failsafe area. The forecasts
indicated that it would be necessary to divert well over 10,000 cfs into
the channel in a few days, to minimize the amount of Assiniboine River
water flowing into Winnipeg when the peak on the Red River occurred.
Providing the failsafe repairs could be done in time, it would not have to
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be breached again, reducing the flood damages there.

® To enable the diversion channel to be repaired, the flows over the
Spillway gates were kept over 5,000 cfs for a number of days.
Considering the locai inflows, flows on the Assiniboine River east of
Portage were quite high for a number of days. Ice jams, with the
resulting higher water levels, occurred on the Assiniboine River between
Baie St. Paul and Winnipeg on April 24 to 26. The actual damages
caused by these high water levels was quite small, although the high
levels did cause, understandably, a lot of concern on the part of affected
citizens. A good portion of these flows were due to local runoff.

# From April 29 to May 5, flows over the Spillway gates were reduced to
near zero as the peak on the Red River reached Winnipeg.

° Then, as the water level in Winnipeg decreased, flows over the Spillway
gates were increased.

® When the James Avenue water level reached approximately 17 ft., the
flows over the Spillway gates were increased and diversion flows were
decreased.

2.1.3 SHELLMOUTH RESERVOIR

DESCRIPTION

® The Shellmouth Dam and Reservoir are located on the Assiniboine River near
Russell, several miles east of the Manitoba - Saskatchewan boundary.

® The works consist of an earthfill dam with an overflow spillway and an
associated reservoir.

® The reservoir is 35 miles long with a maximum depth of 40 feet. The
maximum storage at the spillway crest is 387,000 acre-feet.

® The spillway crest elevation is 1408.5 feet.

® To allow discharge other than over the spillway there is a conduit through
the dam. The maximum discharge capacity of this conduit is 7,000 cfs.

OPERATING RULES
The generalized operating guidelines which have been developed to ensure
that the reservoir can provide reasonable levels of both flood protection and
water supply capability are indicated on Figure 3:

1. The reservoir is gradually lowered over the fall and winter period
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to provide flood storage capacity for the spring runoff which
usually begins around the end of March. The winter drawdown
target level is somewhat variable, dependent upon the spring
inflow forecast. The original operating rule was to draw the
reservoir down to a fixed winter target level of about 1391.0 feet.
However, with improved probabilistic forecasting techniques the
reservoir may now be lowered well below this point to increase
flood storage capacity, or held well above this point to increase
the likelihood that the available runoff will provide sufficient
storage for water supply and recreational use during the summer
period.

During spring runoff, primary consideration is to control reservoir
outflows to minimize downstream flooding. Excess inflows are
stored in the reservoir until the water level nears the spillway
crest elevation of 1408.5 feet. If inflow forecasts indicate that
the spillway will be overtopped, outflows will be increased sooner,
so as to minimize the eventual peak outflow. The intent is to
minimize overbank flooding along the river below the dam and
during flood periods to keep outflows to a value no greater than
what the river flow would have been without the dam in place.
At present, an attempt is made to maintain outflows to a
maximum of about 1600 cfs to prevent localized flooding and
facilitate land drainage.

After spring runoff, reservoir levels are gradually lowered by
conduit releases to a summer target level of about 1402.5 feet to
optimize recreational and fishery conditions. The reservoir level
may be held a few feet above this point to reduce the chances of
water supply shortages when summer drought conditions are
anticipated.

In the event of summer rainfall floods the available reservoir
storage above the target summer level of 1402.5 feet is used to
reduce downstream flow rates and minimize flooding. Outflows
are increased if the level exceeds 1405 feet in order to reduce
flooding of recreation facilities and to minimize the chance of
overtopping the spillway.

During normal summer operation, primary consideration is to make
reservoir releases to meet water allocation commitments to
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downstream licensed users and domestic users and to meet
instream flow needs. Reservoir release rates are dependent upon
the prevailing inflow rates, long-term inflow forecasts, and
downstream tributary flows and water demands. Reservoir
release rates are varied throughout the year to meet a minimum
target instream flow for 25 cfs immediately below the dam and
200 cfs at Headingley. Consideration must also be given to other
factors such as travel time of Shellmouth Reservoir releases and
maintaining an adequate reservoir level for recreational and fishery
purposes.

PROCEDURES:

General seasonal operation strategies for the reservoir are planned about
three times per year - once in late fall for the winter drawdown period,
once in late winter in preparation for the impending spring runoff, and
once in late spring for summer water supplies after the spring runoff
period is over. These seasonal strategies are based largely on runoff
forecasts and past experience, acknowledging the risks associated with
the possibility that extreme conditions may rapidly develop.

While operation strategies set out the ideal operation scenario, the
actual operations follow regular updates on hydrologic conditions and
forecasts. These updates are done monthly from November to March,
weekly or daily during spring runoff, and following major rainstorms
during the summer.

1997 OPERATIONS

Runoff commenced in mid April.

® The inflow sources were:
- Assiniboine River at Kamsack 70%
- Shell River 19%

- Local runoff 11%

® Shellmouth Reservoir at 1385.73 feet at the start of runoff
(historic low).

® Shellmouth Reservoir reached a peak level of 1407.10 feet (21.4
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foot increase in water level).
& The total inflow into Shellmouth Reservoir was 360,000 acre-feet.

" Shellmouth Reservoir stored 254,000 acre-feet of water (70% of
the total spring inflow). Peak flow on the river at the Reservoir
was reduced from 10,600 cfs to 1,650 cfs.

® At Russell, the peak flow was reduced by 8,300 cfs (from 10,200
to 1,870 cfs), a reduction of about 10 feet in stage.

L At St. Lazare, the peak flow was reduced by 7,000 cfs (from
12,000 to 5,000 cfs), a reduction of about 4 feet in stage.

] The 1996/1997 Shellmouth Reservoir operation is depicted in
Figure 4.

2.1.4 RING DYKE CLOSURES

Permanent ring dykes have been constructed around the valley towns
of Emerson, St. Jean, Letellier, Dominion City, Morris, Rosenort,
Brunkild and St. Adolphe. Regional engineering staff are responsible for
operational elements of these eight ring-dyked community flood
protection systems. In general this work involves earthen closures in all
dyke openings (roads, railroads, etc.) set-up and operation of permanent
and temporary internal drainage pumping facilities, dyke integrity
monitoring, closure removal, pumping demobilization and dyke clean-up
and restoration.

A set of operating and maintenance manuals have been developed for
the valley towns. These manuals give the details for the closures of
highways and railways within the town diking systems. Copies of these
manuals are kept at the Water Resources Branch, 1577 Dublin Avenue,
Winnipeg.
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2.2 FLOOD FORECASTING

2.2.1 FLOOD FORECASTING METHODOLOGIES

Manitoba Natural Resources employs an index type of model to predict the
runoff volume and peak discharge for the Red River at Emerson. This is used
in the preparation of flood outlooks which are issued during the winter and
early spring. Once spring runoff is well underway, Manitoba depends on U.S.
National Weather Service predictions for the Red River at Pembina, North
Dakota located just south of the International Boundary.

The index model used for runoff outlooks consists of statistical relationships
for the U.S. portion of the watershed, treating the entire area as one basin for
computational purposes. Autumn soil moisture is represented by an
Antecedent Precipitation Index (API) based on weighted monthly precipitation
from May to October. The appropriate monthly weights have been carefully
selected based on analysis of data from 1941 onward. Other variables used
are the cumulative winter precipitation which includes effective spring
precipitation, and a degree-day type of melt index. Also a winter temperature
index is used to approximate sublimation losses and soil temperatures.
Information from airborne gamma snow surveys, conventional snow surveys,
satellite microwave snow surveys, modelled soil moisture, airborne gamma soil
surveys and measured soil temperatures etc. has been increasingly used in
recent years to improve estimates of soil and snowpack conditions.

Flood routings are performed using the Muskingum method from Emerson to
Winnipeg. For both outlooks and operational forecasts, daily predicted flows
at Emerson are routed together with daily predicted flows for 13 Manitoba
tributaries including the Assiniboine River. The Muskingum procedure
performed very well for the 1997 flood. However, it does not enable
predictions of flood levels on the floodplain well away from the river.

2.2.2 DESCRIPTION OF EVENTS

ANTECEDENT CONDITIONS

The Red River in Manitoba had experienced a minor flood in 1995 and a
significant flood in 1996, the latter having peak stages only one foot or so
lower than the 1979 and 1950 floods. The summer following the 1996 flood
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was relatively dry which seemed to be a good harbinger for 1997 at the time.
Autumn soil moisture is a very important factor affecting the flood potential
due to heavy clay soils (gumbo) which are relatively impermeabie when wet.
However, weather patterns changed following mid September, 1996.
Significant rains on September 27, October 17-18, October 25-26 and
October 28-30 greatly increased soil moisture, setting the stage for another
possible flood.

Soil moisture was measured by the airborne gamma technique (T.R. Carroll et
al, 1992) in early November, 1996. It averaged 29 percent soil moisture by
weight for the upper 20 cm of soil over the entire watershed in Canada and
the United States, excluding the Assiniboine River. South of Grand Forks, this
moisture level was the third highest since 1979 when the U.S. National
Weather Service began these surveys. From Grand Forks to Emerson it was
the seventh highest. Surveys in the Manitoba portion began in 1994; the
1996 moisture level of 28.5 % was higher than that of 1995 but below the
33.5 % of late October, 1994.

Soil moisture for October 31, 1996, modelled by the Winnipeg Climate Centre
of Environment Canada with the assistance of Manitoba’s Department of
Agriculture, showed soil moisture by volume generally in the 60% to 90% of
capacity range, with some areas greater than 90%. Soil moisture is modelled
to a depth of 120 centimetres.

In summary, the soil moisture at freeze-up in the autumn of 1996 was above
average and in some areas well above average. It was much higher than for
the 1979 flood. However, it was not extremely high as it has been in some
other years.

WINTER CONDITIONS (November 1/96 - March 20/97)

The winter was unusually long and cold with snowcover developing in early
November, 1996 and remaining until mid April, 1997. There were four
blizzards producing heavy snow and blowing snow and resulting in closure of
major highways. Snowfall was difficult to measure due to the strong winds
and heavy drifting, likely resulting in significant underestimation of
precipitation at many sites. Reported precipitation was well above average in
November, December and January. Manitoba Water Resources has computed
monthly averages of precipitation reports in the watershed since 1940 based
on data provided by Environment Canada and The U.S. National Weather
Service.
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The recorded precipitation for the 1996-1997 season and the 1940-1996
averages are as follows:

Nov. | Dec. Jan. | Feb. | Mar. Total=||

1996-97 Season | 47 | 31 | 37 | 11 | 28 | 154 |

1940-96 22 16 15 13 24 90
Average

Weekly snowcover maps issued by Minnesota’s Department of Natural
Resources showed the snowcover at the 95™ to 99" percentile over most of
the watershed throughout the winter. Generally below average winter
temperatures and high snowpack albedos combined to produce minimal losses
from the snowpack.

Despite below average winter temperatures, soil frost depths were generally
below average with many areas reporting virtually no frost. This can be
attributed to heavy snowcover which began early in the winter.

An airborne gamma snow survey conducted February 6-12, 1997 further
quantified the snowcover. The water content of the snow averaged 140 mm
upstream of Fargo, 122 mm from Fargo to Grand Forks, 115 mm from Grand
Forks to Emerson and 112 mm from Emerson to Winnipeg. The snow cover
in the United States portion was the highest on record and in the Manitoba
portion among the highest on record. This factor, together with the above
average soil moistures, was not good news for the Red River valley. Spring
weather would be critical.

SPRING WEATHER (March 21 - June 23)

A two week period of very gradual melting began on March 21 and continued
until April 4. Temperatures during this period ranged generally from -5° C to
+ 5° C with some melting during the daytime and freezing at night. There was
plenty of sunshine and dew points were low. From Grand Forks to Winnipeg
much snow disappeared, probably more through sublimation than by melting.
Field surveys in southern Manitoba showed that by early April snowcover in
many areas had decreased to much less than 100 percent, and as low as 50
percent on western tributaries. There was little evidence of ponded water or
runoff as melt water was soaking into the generally unfrozen soil. At this
point in time comparisons could be made to the 1956 situation when a record

Sy MANITOBA NATURAL RESOURCES



28

snowpack melted very slowly, resulting in minimal flooding. The department
was considering downgrading its flood forecast when at the beginning of April,
weather forecasts in both Canada and the United States began to mention the
possibility of a "Colorado Low".

Weather forecasts proved to be very accurate as a full-blown Colorado Low
developed and, in characteristic form, moved in a north-northeasterly path
across eastern Minnesota into northwestern Ontario. The Red River Valley,
situated just west of its path in the area of maximum overrunning and vertical
motion took the brunt of the storm.

Winds of 80 kph reduced visibilities to zero, created huge drifts and brought
transportation to a standstill for days. The movement of the low was quite
slow due to its deepening as strong troughing aloft nearly caused the low to
become a vertical cut-off low. The resultant long duration of precipitation was
a key factor resulting in storm precipitation totals reaching as high as 90 mm.
The trajectory of the low resulted in the entire Red River Watershed from the
northeast tip of South Dakota to Lake Winnipeg receiving the heavy
precipitation. An important feature of the storm was that it produced a lot of
rain in the headwater area (upstream of Halstad) where runoff from winter
snow was already more advanced. Freezing rain, ice pellets and snow
predominated in the northern half of the U.S. portion while Manitoba received
ice pellets followed by heavy snow. Cold weather followed the storm with
temperatures as low as -20° C. Thawing did not resume until April 13, a week
later.

A reasonable approximation of reported precipitation for the April storm is
given on Figure 5 which shows total April precipitation. Precipitation for the
remainder of the month was only about 5 mm in the U.S. portion and 5-10
mm in most Manitoba regions. Average reported April precipitation for the
basin was 67 mm compared to the normal of 40 mm. It is likely that the true
precipitation for April was considerably greater than reported, perhaps as
much as 90 mm on average. The difficulties of estimating snowfall under
extreme winds have been well documented by Environment Canada (B.E
Goodison, 1981).

Precipitation following the early April blizzard up to the time of the crest of the
Red River in early May was well below average.

Melt of the snowpack was not particularly rapid on the whole, although some
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rapid melting occcurred April 18-19 in the northern United States portion. In
the Manitoba portion the snow melted gradually from April 13-25. The melt
rate was much slower than in 1979 when a somewhat lesser snowpack
melted entirely in three days.

TOTAL WINTER/SPRING PRECIPITATION

Total basin precipitation from the start of winter to near the crest of the Red
River in early May (Nov.1/96-Apr 30/97) as reported totals 221 mm, much
above the normal of 130 mm. A bar graph of total winter and effective spring
precipitation for each year from 1950 onward is shown on Figure 6. It is likely
that the true total for the 1996-97 season was considerably greater than 221
“mm due to the fact that there were four major snowstorms with strong winds.

An airborne gamma snow survey was conducted April 10-12 following the
storm. It showed that the net moisture input since early November, 1996 had
risen to 150 to 170 mm at most Manitoba points. In the U.S. portion the net
inputs were 100 to 150 mm. These are the highest values on record. The
observed water contents, adjusted to values above 35 percent soil moisture
by weight, are shown on Figure 7. The gross moisture input must have been
considerably greater since sublimation losses would have been at least 25 mm
and water soaking below the 20 cm soil depth is not recorded. The latter
would have been substantial, especially in the portion of the watershed south
of Halstad.

RUNOFF CONDITIONS

Runoff was underway in the Fargo area prior to the April storm but had barely
begun in the area from Grand Forks to Winnipeg. This type of situation
favours strong growth in the peak discharge as it moves northward.
Simultaneous meit and runoff throughout the watershed, which has often
occurred in past years, results in mainstream crests arriving from the south
after peaks on northern tributaries have passed. In such cases the peak grows
little and may even decrease as it moves northward. Growth of the peak flow
in 1997 was further favoured by the April storm which produced rain in the
south and snow in the north. The rain quickened runoff in the south but the
high albedo of heavy snow in the north retarded melting. As a consequence
peak flows from two main source areas in the United States, the southern
portion upstream of Halstad and the Red Lake River, arrived at Grand Forks
simultaneously. The peak continued to grow somewhat from Grand Forks to
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Winnipeg because northern tributaries were still running high when the
mainstem peak arrived.

The spring runoff volume for the Red River at Emerson up to June 15 was
6.75 million acre-feet (8.33 million cubic dekameters), representing an average
runoff depth of 135 mm. This is almost identical to the 1950 runoff volume.
Yet the 1997 peak discharge at Emerson was about 130,000 cubic feet per
second compared to that of 94,000 cfs in 1950. The peak at the Floodway
Inlet just south of Winnipeg was 138,000 cfs compared to that of 94,000 in
1950. The higher 1997 peaks resulted mainly from the unfavourable timing
effects described above.

The 1997 spring runoff was particularly heavy in the headwater area upstream
of Halstad, in the lower Pembina River Watershed and on most eastern
tributaries of the Red River in Manitoba. Many streams in these areas
recorded record or near record high flows. Flows on western tributaries in
Manitoba were high but well below those of 1974 and 1979.

The 1997 spring runoff could have been considerable greater had it not been
for the snowpack losses prior to the April blizzard and the four weeks of dry
weather following the blizzard. Additional precipitation would have had a very
high runoff coefficient due to the saturated and flooded fields. An 1826 flood
magnitude could have developed with the occurrence of one additional major
storm or several moderate storms.

2.2.3 ACTUAL FORECASTS

Forecasts of Red River 1997 crest elevations were issued by Manitoba’s River
Forecast Centre from February through the spring. These forecasts were quite
accurate considering information on watershed conditions at the time the
forecasts were issued.

Observed crest elevations from Emerson to Morris were within the range
predicted on April 9, 1997 just after the major blizzard. At Ste. Agathe and
St. Adolphe the actual crest was equal to the top of the range given in the
April 9 forecast. Crests above and below the Floodway Inlet were 1.7 feet
and 1.5 feet higher than the top of the range on the April 9 forecast. In
downtown Winnipeg the crest was 0.2 feet above the top of the forecast
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range.

The increase in level forecasts on April 9 after the blizzard was not very great
due to favourable weather during the two weeks prior to the blizzard, which
had greatly depleted snowcover with little evidence of runoff or ponding. The
April 9 forecast was issued based on an assessment of the flood potential by
Manitoba Natural Resources soon after the early April blizzard which produced
heavy precipitation throughout the watershed.

Forecast crest elevations were revised upward April 18" and 20" when it
became apparent that the crest at Grand Forks and Drayton would be higher
than earlier predicted by the U.S. National Weather Service. The volume
forecast was also increased significantly at this time.

Late in April, crest forecasts for points from Ste. Agathe northward were
revised upward somewhat when it became appa