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Mill Creek 

How it all started 



Creek Impacts 

Mill Creek  

Ravine Park 

Fulton Creek 

Basin 3244 ha 

Mill Creek 

Basin 9945 ha 



Site Conditions Creek Impacts 

Flows fully piped to North Sask. River 

 

 

 

Flows partially piped, partially surface 

 

 

 

 

 

 

 

Flows fully surface 

 

 

 

 

Flows fully piped 

Diversion 

Tunnel 

Mill 

Creek 



Diversion Structure 

Diversion Outlet 

Surface Flow 

All the Flow 

Diverted Flow 

Instream Flows 

Segment 
Pre-Development 

Flows (2-year) (m3/s) 

Existing Conditions 

Flows (2-year)  (m3/s) 

 

Upstream 

 

Downstream 

 

3.1 

 

3.1 

 

36.1 

 

8.4 

 



Diversion Structure 

All the Flow 

Issues downstream of 

diversion 



Creek Impacts 

What happened 



Creek Impacts 

• Incision 

 

• Over widening 

 

• Bank Erosion 

 

• Utility Exposure 

 

• Public Safety Risk 

 

• Infrastructure Damage 

 

 

 

 

 

 



Gabions and Bank 

Erosion 

Downcutting and 

Widening 



Creek Impacts 

 

• Consulting report evaluating erosion 

sites 

 

• 64 erosion sites with $74M of repair 

works in study reach 

 

• Permanent options listed as: 

1. Grade control structures 

2. Diversion tunnel extension 

($30M) 

 



Erosion Assessment 

What’s happening 



New Diversion Creek Impacts 

Flows fully piped to North Sask. River 

 

 

 

Flows partially piped, partially surface 

 

 

 

 

 

 

 

FUTURE 

Flows partially piped, partially surface 

 

 

 

Flows fully piped 

Diversion 

Tunnel 

Mill 

Creek 



Study Goals 

• Understand erosion mechanisms 

 

• Determine Mill Creek ‘stable’ flow 

capacity 

 

• Examine diversion tunnel extension 

approach and consider alternatives 

 

• Review erosion site priorities from 

previous study 

 

 



Historical Planform Study 



Creek Erosion 

• Upstream of Diversion Tunnel 

o Erosion rates 0.12 m/yr 

 

• Downstream of Diversion Tunnel 

o Erosion rates 0.09 m/yr 

 

 

 

 



Bank Erosion Hazard Index - BEHI 

• Bank height ratio 

• Root depth / Bank height 

• Root density 

• Bank Angle 

• Surface Protection 

• Bank materials / 

stratification 



Near Bank Shear Stress- NBS 

• NBS based on proximity of 

thalweg to the bank – the 

closer the thalweg the 

higher the near bank shear 

stress 

• Use graph to determine 

bank erosion rate 
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Bank Erosion Hazard Index – field notes Study 



Bank Erosion Hazard Index –  

upstream of diversion 
Study 



Bank Erosion Hazard Index – 

downstream of diversion 
Study 



BEHI / NBS Results 

• Upstream Reach 

o 3.0 m3 sediment/ m of bank /year 

 

• Downstream Reach 

o 1.7 m3 sediment/ m of bank /year 

 

• Upstream reach losing 184% more 

sediment 



Hydraulic Analysis 

Parameter 
Upstream 

Reach 

Downstream 

Reach 

Pre-Development 

Flow Rate (2-year) 

(m3/s) 
3.1 3.1 

Average Flow 

Depth (m) 
0.55 0.56 

Average Shear 

Stress (Pa) 
42 33 

Existing 

Conditions 

Flow Rate (2-year) 

(m3/s) 
36.1 8.4 

Average Flow 

Depth (m) 
1.72 0.91 

Average Shear 

Stress (Pa) 
130 53 

Study 

Pre-Development Flows < Existing Conditions Flows 

 

   Upstream Depth and Shear > Downstream Depth and Shear 



Cross-Section 4 Shields Numbers and Grain Mobility 

Bed Stability Analysis 
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Shields Number 

3.1 m3/s

6 m3/s

8.4 m3/s

10 m3/s

36.1 m3/s

D50

D84

Discharge 
(m3/s) 

Sediment Size 
Range (mm) 

D50 
Stable 
(Y/N)* 

D84 
Stable 
(Y/N)* 

3.1 27.2 – 90.7 Y Y 

6 37.3 – 124.2 Y Y 

8.4 43.7 – 70.8 N Y 

10 47.5 – 158.4 N Y 

36.1 87.5 – 291.8 N N 
*Assumes Shields Number of 0.045 



Discharge 
(m3/s) 

Sediment Size 
Range (mm) 

D50 
Stable 
(Y/N)* 

D84 
Stable 
(Y/N)* 

3.1 24.7 – 82.5 N Y 

6 35.0 – 116.5 N Y 

8.4 41.7 – 138.93 N Y 

10 45.7 – 152.2 N Y 
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Shields Number 

3.1 m3/s

6 m3/s

8.4 m3/s

10 m3/s

D50

D84

Cross-Section 16 Shields Numbers and Grain Mobility 

Bed Stability Analysis 

*Assumes Shields Number of 0.045 



Discharge 
(m3/s) 

Sediment 
Size 
(mm) 

Cross-
Section 

3 

Cross-
Section 

4 

Cross-
Section 

9 

Cross-
Section 

12 

Cross-
Section 

14 

Cross-
Section 

16 

Cross-
Section 

19 

3.1 
D50 Y Y N Y Y N N 

D84 Y Y N Y Y Y Y 

6 
D50 Y Y N N N N N 

D84 Y Y N Y Y Y Y 

8.4 
D50 Y N N N N N N 

D84 Y Y N Y Y Y Y 

10 
D50 Y N N N N N N 

D84 Y Y N Y Y Y Y 

36.1 
D50 Y N - - - - - 

D84 Y N - - - - - 

Bed Stability Analysis 

D84 bed material largely stable at flows up to 10 m3 



Outcomes 

What are we going to do 



Recommendations 

Creek Conveyance  

• Obtain more flow data – use gauges 

 

• Implement the proposed Tunnel 

Connection, reduce creek flows to 

between 3.1 m3/s and 10 m3/s 

 

• Implement channel restoration to 

address existing bank erosion sites 

 

• Consider options for increasing 

floodplain access 

 



Creek Restoration 

• Implement a pilot stabilization project in 
the reach downstream of the diversion 
structure 

 

• Bank stabilization works to stabilize the 
watercourse and reduce erosion rates - 
After construction of tunnel 

 

• Consider more natural, measures to 
stabilize the watercourse (less gabion) 

 

• Remove existing diversion structure 
and restore channel between upper 
and lower reach 

 

Recommendations 
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