
 

   

HYD732-1 

Leadership in Sustainable Infrastructure 

Leadership en Infrastructures Durables 

 

 

Vancouver, Canada 

May 31 ï June 3, 2017/ Mai 31 ï Juin 3, 2017 

 
ASSESSMENT OF DEBRIS ISSUES IMPACTING DESIGN OF A FLOOD 
DIVERSION PROJECT IN A LARGE SCALE PHYSICAL MODEL 

 

Knox, Paul1,5, Cornett, Andrew1, Provan, Mitchel1, Menninger, John2, Lux, Rick3, and 
Abbas, Syed4 

1 National Research Council of Canada, Ottawa, ON, Canada 
2 Stantec, Cincinnati, OH, USA 
3 Stantec, Lexington, KY, USA 
4 Alberta Transportation, Edmonton, AB, Canada 
5 paul.knox@nrc.ca 

 

Abstract: The Elbow River flows through southwest Calgary and is susceptible to flooding with 

catastrophic results.  During the flooding event of June 2013, peak flow rates of the Elbow River reached 

approximately 1240 m3/s while the natural capacity of the river is less than 200 m3/s, and the losses 

experienced during the flood were valued in excess of $5B. The Springbank Off-stream Storage Project 

was conceived to divert and store the flows of the Elbow River during floods. Some of the main structural 

components of the project include a diversion and spillway structure that intersects the Elbow River, a 

diversion channel and an off-stream storage reservoir. A large scale (1:16) physical model study was 

subsequently commissioned to assist in assessing and improving the initial design for the diversion and 

spillway structures to ensure good performance under a range of flood conditions. The main objectives for 

the physical model study were to: determine the hydraulic performance of various key elements of the 

new structures for a range of operational and extreme flow conditions; assess the behaviour of sediments 

and woody debris within and around the structures; and help refine the proposed designs to improve 

conveyance, reduce the risk of erosion and sedimentation, reduce the risk of blockage by debris, improve 

constructability, and reduce costs where possible.  This paper provides a full description of the physical 

model with a focus on the tests in which the impacts of woody debris were studied and assessed.  

1 Introduction 

The Elbow River flows through southwest Calgary and is susceptible to flooding with catastrophic results.  

During the flood of June 2013, the peak flow rate of the Elbow River entering the Glenmore Reservoir 

reached approximately 1240m3/s.  The capacity of the river without taking flooding precautions is 

180m3/s.  Assessments made by the City of Calgary estimates that there is up to $942 million at risk in 

the event of a 1-in-200 year flood.  As part of a flood mitigation study, the Springbank Off-stream Storage 

Project was conceived to divert part of the flows of the Elbow River during floods into an off-stream 

storage reservoir where the flood water would be stored and released gradually back into the Elbow River 

after the flood has passed. The project includes design, permitting and construction of a new diversion 

inlet structure that intersects the Elbow River west of Calgary, a diversion channel excavated through the 

adjacent land to transport the flow to the off-stream storage reservoir, a new earth dam to impound flood 

waters in the reservoir, and a new service spillway and sluiceway to control the flow through the Elbow 
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River at the diversion junction (see Figure 1).  Figure 2 shows an artistôs impression of the diversion inlet 

and sluiceway/spillway structures based on a preliminary conceptual design. 

 

 

Figure 1. Location of the Springbank Off-stream Storage Project (Government of Alberta, 2016) 

 

 

Figure 2. Artistôs depiction of a preliminary concept design (Government of Alberta, 2016). 

The Elbow River watershed extends into the Rocky Mountains west of Calgary, and large portions of the 

watershed are densely forested with mature conifers (Hemlock, Spruce, Lodgepole Pine and other similar 

species). The floodplain near the project site is littered with large clumps of old woody debris, see Figure 

3, clear evidence of the many trees uprooted and transported downstream during previous flood events. 

Any future flooding will feature downstream transport of new and old woody debris, both as individual 
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trees and clumps or rafts comprised of many pieces interlocked together. It is clear that any new flood 

control structures need to be designed to accommodate this debris load to the extent possible.  

Field surveys were conducted (by others) to collect information on the sediments in the riverbed near the 

site and the type of woody debris to be expected during flood events. The field survey of the woody debris 

found that: 

¶ 63% of logs had root wads; 

¶ The mean log length was 16.5 m (standard deviation of 4 m); 

¶ Mean diameter of the large end was 0.44 m (standard deviation of 0.09 m); and 

¶ Mean diameter of the slender end was 0.14 m (standard deviation of 0.09 m). 
 

  

Figure 3. Photos showing bottom sediments and woody debris on the Elbow River floodplain. 

 

2 Diversion and Sluiceway/Spillway Structures 

The diversion inlet and sluiceway/spillway structures were designed primarily to regulate the volume of 

water passing downstream through the diversion channel and the main (natural) river channel for various 

flood events, up to an including events with a peak discharge of 1,240 m3/s. The desired flow split for 

several design flood discharges is summarized in Table 1. Flows in the Elbow River up to 160 m3/s were 

directed through the main channel structures (the sluiceway and spillway).  River flows above 160 m3/s 

would have the excess flow directed through the diversion up to a maximum of total flow of 760 m3/s (with 

600 m3/s into the diversion and 160 m3/s into the sluiceway/spillway).  The diversion structure is designed 

to accept 600 m3/s, therefore flood flows above 760 m3/s will have the remainder of the flow pass through 

the main channel structures as can be seen in the 1,240 m3/s event where 600 m3/s passes through the 

diversion inlet and 640 m3/s passes through the sluiceway/spillway.  The control structures were equipped 

with gates that could be raised and lowered to achieve the desired flow volumes.   

 

Table 1. Target discharges for various design flood conditions (m3/s). 

 

Combined discharge  Diversion discharge Sluiceway/Spillway discharge 

160 0 160 
320 160 160 
760 600 160 

1,240 600 640 

 

The original (preliminary) structure designs are shown in Figure 4 to Figure 6. The diversion inlet structure 

featured four 10m wide bays separated by 2m wide piers, radial gates to control the flow, and energy 

dissipation chute blocks through the stilling basin.  There were two structures to control the flow of the 

main river channel ï a 10m wide sluiceway featuring a radial gate, a central pier, and a 31m wide service 
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spillway with adjustable Obermeyer style crest gates.  There were curved retaining walls on the west side 

of the diversion inlet and also on the east side of the service spillway (fronting the floodplain berm).  A 

31.63m straight-line retaining wall separated the diversion inlet and the sluiceway/spillway.   

 

 

Figure 4. General arrangement of the initial designs for the diversion inlet and sluiceway/spillway 
structures (by Stantec).  

 

 

Figure 5. Cross-section views of the diversion inlet (by Stantec).  




