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Abstract: The Red River Floodway is a major flood diversion channel that was constructed around the city of Winnipeg, Manitoba, Canada in the mid-1960s.  It required more excavation than the Suez Canal and nearly half of the excavation completed for the Panama Canal.  It has served the city well, functioning effectively and preventing over $10 billion in potential flood damages.  However, floods in the 1990s taxed the Floodway to its limits and clearly indicated that Winnipeg still has a significant risk of flooding.  This has been considered unacceptable for a major city of over 700,000 inhabitants, and means to improve the level of protection have been assessed.  The option that was selected for implementation was a major expansion of the existing Floodway to increase its ultimate safe capacity by a factor of approximately 2.  This paper overviews the process of assessment, planning, and implementation, as well as provides the status on completion of this massive project.  The paper identifies a wide variety of innovations that contributed to the viability and cost-effectiveness of the flood protection scheme.
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1. RED RIVER DRAINAGE BASIN

The Red River drainage basin is situated in the geographic center of North America.  The Red River is approximately 880 km long. It originates in the U.S. state of Minnesota and flows north.  It forms the boundary between Minnesota and North Dakota and enters Canada at Emerson, Manitoba. It then continues northward through the City of Winnipeg and on to Lake Winnipeg.  The total drainage area of the Red River at Winnipeg is approximately 278 000 km2 including 153 000 km2 of the Assiniboine River drainage basin.  The Red River drainage basin is extremely flat at an average slope of 0.25 m per km in the U.S. portion to 0.04 m per km near the Manitoba border.   The river is normally less than 150 m wide, but during major floods it swells to be as much as 40 km wide, as it did in the “flood of the century” in 1997. 

Most major floods occur as a result of some combination of some or all of several factors – heavy precipitation in the previous fall, hard and deep frost prior to snowfall, substantial snowfall through the winter, late and rapid snowmelt in spring.  The average annual peak flow of the Red River at Winnipeg (downstream of the confluence of the Red and Assiniboine Rivers), based on 90 years of record, is approximately 1 300 m3/s. Statistical analyses of flood events shows the following annual probabilities of being exceeded (for natural conditions which exclude the effects of flood protection works): 1 in 10 = 2 000 m3/s, 1 in 100 = 4 670 m3/s, 1 in 500 = 7 080 m3/s, 1 in 700 year = 7 700 m3/s, and 1 in 1 000 = 8 350 m3/s. 

2. FLOOD HISTORY

The largest flood on record for the Red River is the 1826 flood.  Although there is some uncertainty in its exact magnitude, the official records show it as having had a peak discharge of 6 370 m3/s.  Analysis of  rings in buried trees in the riverbanks and in historic log buildings indicates that the 1826 flood was likely the largest flood since the late 1600’s.  There were other large floods recorded in 1852 and 1861 and these were slightly exceeded by the 1997 flood, which had a natural peak discharge of 4 616 m3/s.

Winnipeg developed rapidly from the late 1800’s to 1948, in a period when there were no floods of major proportions on the Red and Assiniboine Rivers. In 1948, the luck ran out and a flood occurred that had not been exceeded in over 80 years.  Then, in 1950 an even larger flood occurred (3 060 m3/s) which caused widespread flooding in Winnipeg and southern Manitoba and required the evacuation  of almost 100 000 residents in the Red River Valley.  Since 1950, there have been six floods of similar size (in 1956, 1966, 1974, 1979, 1996 and 2006) and the 2nd largest flood on record, the 1997 flood.

3. HISTORICAL DEVELOPMENT OF FLOOD PROTECTION FOR WINNIPEG

Development of flood protection works for Winnipeg has almost exclusively been a reaction to flood events.  The response to the major floods that occurred in 1826, 1852 and 1950 was eventually the planning and construction of four major flood protection works (Winnipeg Primary Dykes, Red River Floodway, Shellmouth Dam and Reservoir and the Portage Diversion) as located in the map in Figure 1.
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Figure 1:  Map of Southern Manitoba showing the Major Flood Protection Works for Winnipeg

3.1 Primary Dyking System

Within months of the disastrous 1950 flood, a primary dyking system was constructed in the City of Winnipeg.  The system consists of primary dykes, and internal drainage works.  The primary dykes are generally located along street rights-of-way paralleling the Red, Assiniboine and Seine Rivers.

Today there are over 110 km of primary dykes and the top elevation varies due to modifications after temporary raisings for the 1956 and 1966 floods, as well as due to extensions to the system.

3.2 Red River Floodway

Construction of the existing Floodway was started in 1962 and was completed in 1968 at a cost of $63 million.  The Floodway consists of four components, namely the Floodway Channel, the Inlet Control Structure, the Dykes extending from each side of the river, and the Outlet Structure.  The basis of the original design of the City of Winnipeg flood protection works was to provide for the 1 in 160 year flood of 4 790 m3/s (this was the hydrologic estimate of the time).
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Photo 1:  Aerial of the Inlet Control Structure, Floodway Entrance and Floodway Channel during peak of 1997 Flood (City of Winnipeg lies to the left in this photo)

3.2.1 Floodway Channel

The Floodway Channel is roughly trapezoidal in shape and the bottom width varies from 115 m to 165 m and the top widths range from 215 m to 305 m.  The entrance to the Floodway is located in the east bank of the Red River and consists of a broad-crested earthen weir 215 m in width, with a crest elevation approximately 3 m below the top of the riverbank.  The channel side slopes are generally 6:1 in clay, 3:1 in granular material and 9:1 in the vicinity of railway and road bridges (to improve stability conditions for the bridge embankments).  The depth of flow in the channel is 8 m at the original design discharge.  Under design flood conditions the Floodway was designed to have a water surface gradient of 5.5 m in the 48 km from the inlet to the outlet.  

3.2.2 Floodway Inlet Control Structure

The Floodway Inlet Control Structure is situated in the Red River just downstream from the entrance to the Floodway Channel.  The structure is founded on limestone bedrock and consists of reinforced concrete abutments and a central pier with two large submersible sector gates, each with crest lengths of 34.29 m.    The crest of the Floodway entrance permits flows to enter the Floodway when the river discharge exceeds approximately 800 m3/s.  As the natural stage increases for flows exceeding 800 m3/s, there is a division of flow between the Floodway and the Red River.  The purpose of the Inlet Control Structure is to counteract the drawdown that would normally result from this diversion and to regulate the split of flow between the Floodway and the Red River.  The gates in the Inlet Control Structure are normally operated so as to maintain a water surface elevation upstream of the structure at the level that would have occurred under natural conditions without the Floodway or other major flood works.  This normal mode of operation can be contravened for very large floods, however, to prevent to the extent possible, the overtopping of the primary dykes in Winnipeg.

3.2.3 East and West Dykes

Dykes extending from each side of the Inlet Control Structure retain the floodwaters.  East of the Red River the East Dyke is incorporated into the west disposal embankment created by the Floodway Channel excavation material.  The dyke extends parallel to the west side of the Floodway Channel for a distance of about 10 km.  West of the Red River, the West Dyke extends a distance of 45 km in a southerly and westerly direction from the Inlet Control Structure up to the point where the natural ground is above the design flood elevation.  The West Dyke contains the floodwaters of the Red River and prevents the flow from passing into the La Salle River watershed, where it would bypass the Floodway Inlet Control Structure and enter Winnipeg directly.  

3.2.4 Floodway Outlet Structure

The purpose of the Outlet Structure is to dissipate the energy in the water at its point of re-entry into the Red River near Lockport, thereby preventing damage and erosion in the channel and in the Red River.  The Outlet Structure is founded on limestone bedrock and is constructed of mass concrete with an uncontrolled rollway and a stilling basin.

4. THE “FLOOD OF THE CENTURY”

In 1997, the contributing meteorological conditions aligned adversely and resulted in the largest flood that has occurred since 1826.  It taxed the flood protection systems for the City of Winnipeg to their limits, and Winnipeg narrowly escaped a major catastrophe. The 1997 flood became a “wake-up” call for Winnipeg and Manitoba, and it triggered a series of studies of flood protection.

4.1 Studies of Flood Protection Improvements

In 1999, the International Joint Commission’s International Red River Basin Task Force retained KGS Group to undertake a study that was eventually used as key background information for pre-design.  

In 2000, the Province of Manitoba retained KGS Group with support from InterGroup Consultants (socioeconomic assessments) and North/South Consultants (environmental assessments) to further develop the two concepts that had been identified to the IJC Task Force as the preferred options: Ste. Agathe Detention Structure and Floodway Expansion.  It culminated in a report entitled “Flood Protection Studies for Winnipeg”.   
This study was followed in early 2002 by a series of public meetings.  Subsequently the Province of Manitoba selected the Floodway Expansion option.  A value engineering initiative was carried out in 2002 to examine the Floodway Expansion project and identify areas where improvement or economies should be pursued.  Following this, the Province of Manitoba initiated the implementation process in 2003.

5. FLOODWAY EXPANSION COMPONENTS

This section summarizes the components of the Floodway Expansion project.  The primary requirement of Floodway Expansion is the passage of a flood with an annual probability of being equaled or exceeded of 1 in 700.  This is a flood that would have a peak discharge of approximately 7 700 m3/s if the flood protection works described in Section 3.0 did not exist.  This flood was selected as the design flood because it represents: 1) the level of protection at which the net benefits are at or near a maximum, and 2) the practical limit of protecting the north end of Winnipeg against backwater effects from downstream of the Floodway.  Additional protection could be provided in Winnipeg for larger floods, but it would be at sharply increasing costs. The existing Floodway (prior to Expansion) was capable of safely protecting Winnipeg only up to a flood of approximately 5 000 m3/s (1 in 100 year).

The components of the Floodway Expansion project are as follows (Figure 2 generally shows the main components of the project):
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1. Channel Excavation

a. Widening of channel in varying amounts up to as much as 60 m (no deepening to protect groundwater – see Figure 3

b. A volume of excavation of approximately 21 000 000 m3

c. Re-vegetation of all areas where are soil will be exposed by the excavation

2. Replacement and/or rehabilitation of one municipal and six rural drainage structures

3. Rehabilitation of three rail bridges, including raising of girders: CNR Sprague rail bridge; CPR Keewatin rail bridge; CNR Redditt rail bridge.

4. Replacement of three bridges, including realignment of road works: CPR Emerson rail bridge; PTH 59 South highway bridge; Trans Canada East highway bridge.

5. Enlargement and improvement of the Outlet Control Structure and Outlet Channel

a. Increase of width (laterally across the channel) by approximately 50 m

b. Enlargement of the stilling basin and improvement in its capability to dissipate energy by using energy absorbing appurtenances (chute blocks and baffle blocks)

c. Enlargement of the Outlet Channel

d. Repair and extension of erosion protection on the west bank of the Red River opposite the Outlet Channel

6. Replacement or modification of utilities: water supply aqueduct owned by the City of Winnipeg; seven electrical transmission line crossings; fiber-optic communication; natural gas pipelines; telephone lines, two oil pipelines

7. Increase the height and length of the West Dyke to protect against wind effects during major floods
a. Extension in length by 15 km

b. Increase in height by up to 2 m

c. Fill quantities totaling 4 000 000 m3
8. Improvement in protection and reliability of the Inlet Control Structure

a. Erosion protection on the upstream and downstream embankments adjacent to the structure

b. Electrical/mechanical and fire protection upgrades

c. Improvements to the gates (redundant features)
6. ENVIRONMENTAL ASSESSMENT PROCESS

On July 28, 2003 the Manitoba Floodway Authority (MFA) filed a Proposal under the Environment Act for the expansion of the Red River Floodway. In accordance with the Canada-Manitoba Agreement on Environmental Assessment Co-operation, Canada and Manitoba agreed that both governments would participate in a co-operative review of the floodway project, including public hearings facilitated by the Manitoba Clean Environment Commission (CEC).  

The Manitoba Floodway Authority (MFA) undertook an extensive public consultation process on the floodway project that included four distinct rounds of consultation.  The public consultation process was designed to provide early, ongoing, and meaningful opportunities for public involvement. MFA made a conscious decision to discuss the project with the public and make appropriate adjustments before filing its Environmental Impact Statement. 

Between January, 2004, and February 2005, MFA undertook a public consultation process consisting of the following: four Rounds of Public Consultation (3 rounds prior to filing the EIS); 250 hours of stakeholder meetings over 8 months through the region and 13 Public Open house meetings in surrounding municipalities (approximately 1,200 people attended public meetings); approximately 40,000 visits to the MFA’s website; public information booths in shopping malls; and, 60,000 newsletters mailed to Manitobans.  As part of its public consultation process, MFA had discussions with Aboriginal and Métis organizations including the Peguis Indian Band, the Brokenhead First Nation and the Manitoba Métis Federation. 

Public input through MFA’s public consultation process has significantly helped to improve and strengthen the floodway expansion project including groundwater protection, improved erosion control measures, enhanced drainage, reduced land acquisition and improved transportation links.

On August 3rd, 2004, the MFA submitted an Environmental Impact Statement (EIS) to Manitoba Conservation for review.  The EIS concluded that the Project, after the implementation of mitigation measures, is expected to create no significant adverse effects on the biophysical or related socio-economic environments.  In response to the submission, the CEC conducted four weeks of public hearings on the project in February and March of 2005.  $300,000 in participant assistance funding was allocated to support seven organizations that participated in the public hearings 

On July 8, 2005, MFA received approval from the environmental regulators for Manitoba and Canada to proceed with construction on the floodway expansion.  Both approvals included requirements related to ongoing environmental monitoring, reporting and public consultation.  MFA is committed to comply with all of the federal and provincial environmental conditions as it proceeds with construction on the project.

7. INNOVATIVE APPROACHES

7.1 Optimization of Channel/Bridge Geometries

The original channel and the crossings (rail, highway, transmission lines, water supply lines, gas/oil pipelines etc) were designed to suit a relatively constant channel width with few changes in cross section. It was recognized early in the planning of the expansion of the channel that there would be a significant cost advantage by limiting the channel enlargement in areas of high cost modifications (at major crossings), and concentrating more excavation in other areas between the crossings. A sophisticated optimization methodology was set up to balance the hydraulic performance of the channel with the cost of achieving all the requirements. The channel geometry was selected so that all hydraulic losses from friction, expansion, contraction, etc were recognized, and only gradual changes in channel cross section were allowed. The variations in width were that were still possible were substantial and the net effect of the optimization process was to effect a reduction in the overall cost of the project by at least $50,000,000 by following the optimized design strategy.

7.2 Widening Versus Deepening

The conceptual design stage included deepening the channel by up to 2.0 m, as well as widening, as that was shown theoretically to be the least cost approach.  This was scaled back to no more than 0.6 m in the functional stage of design.  The more shallow design was adopted after consideration of significant public concern over the potential effects to groundwater that arose during the environmental assessment and public hearings. It was considered that the potential delay of the project and the additional cost of mitigating any unforeseen groundwater impacts would more than offset any small cost in abandoning modest increases in channel depth.  The engineering and environmental analysis resulted in the conclusion that the channel should be widened only and would still be fully capable of achieving the increased capacity to meet the selected design flow. 

7.3 Aboriginal Set Aside Work for West Dike

The work on the West Dike has been allocated as an Aboriginal Set Aside project.  This initiative is designed to address potential skilled labour shortages by building capacity within the Aboriginal construction industry.  Tenders have been divided into various sizes to allow smaller firms to bid.  Longer tender periods were incorporated to allow more time for the industry to prepare tender submissions.  For smaller contracts, bid bonds were waived if the contractor can provide sufficient financial information.  Bidders were only allowed to win one contract so that the work was spread around.  To date, 17 contracts have been awarded ranging in value of $500,000 to $2.8 million.  Bids have been competitive and the contractors have finished on time and on budget. 

7.4 Elimination of Some Bridge Components

The original project plan for Floodway expansion was considered optimal and included proposed enhancements to all the 12 bridges crossing the Floodway.  However, as a result of significant cost pressures impacting construction projects across the country, the Manitoba Floodway Authority re-examined its plan.  Engineering analysis concluded that the hydraulic impact of maintaining six existing highway and railway bridge crossings could be compensated by additional channel excavation.  The new plan resulted in replacing the bridge crossings that had the most significant hydraulic impact to the channel.  Further, the bridges that are being upgraded ensure that key national highway and railway routes remain open during a 1 in 700 year flood.

7.5 Improved Performance of Outlet Structure 

The existing structure will be widened to more than double its size to accommodate the existing flow.  The expanded structure will include chute and baffle blocks that will reduce the energy of the 1 in 700 year flood to a level that is less than the 1 in 100 year flood with the existing Floodway.  As part of the Outlet Structure upgrading, riprap will be incorporated into the riverbank opposite the Outlet Structure for a length of approximately 1.2 km.  This work was deemed necessary to prevent the potential for erosion as a result of waves generated from the Floodway flows re-entering the Red River.


8. PROJECT STATUS AT SPRING 2008

The Floodway channel excavation is 75% complete overall. However, the upstream 31 km of the total 48 kilometer long channel is now fully completed.  All municipal/rural drainage structures except one are complete.  The first of three phases for the Inlet Control Structure upgrading is complete and the gates are operational for a potential spring flood.  The Outlet Structure is approximately 25% complete and cofferdams have been constructed to protect the site from a potential spring flood.  The CN Sprague railway bridge is complete, as is the PTH 59 South and Trans Canada highway bridges.  The CN Redditt railway bridge is 75% complete and the CPR Keewatin railway bridge is 10% complete. Over 30 km of the West Dike has been raised and armored with riprap.  

9. WORK REMAINING TO BE COMPLETED

The remaining excavation of the Floodway channel accounts for 25% of the total 21 000 000 m3 or approximately 4 000 000 m3.  This work is required to be complete by spring 2009 and will likely be complete by fall/winter 2008.  The hydraulic capacity of the Outlet Structure is required to be complete by spring 2009.  The CN Redditt railway bridge will be complete in summer 2008 and the CPR Keewatin railway bridge will be complete by fall 2009.  One remaining bridge is the CPR Emerson railway bridge and it will be tendered in spring 2008 with a required completion date of fall 2009.  The remaining West Dike works will be constructed over the summers of 2008 and 2009.  The remaining work on the Inlet Control Structure will be undertaken primarily in the winter months in 2008/09 and 2009/10.  Considerable re-vegetation is expected to occur over the summer 2010 and therefore the overall project completion date is projected to be fall 2010.
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Figure 3:  Channel Excavation





Figure 2:  Project Components 
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