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Executive Summary 

Key Metrics 

Project Costs 

Item Cost 

Project Construction $458,600,000

Upstream Mitigation $8,900,000

Total 1:100 Year Protection $467,500,000

Additional Cost for 1:200 Year Protection $39,600,000

Total 1:200 Year Protection $507,100,000

Annual Operation and Maintenance $1,800,000

 

Benefit/Cost Analysis 

Indicator 
High Damage Scenario Low Damage Scenario 

1:100 Year 
Protection 

1:200 Year 
Protection 

1:100 Year 
Protection 

1:200 Year 
Protection 

PV Benefits (average 
annual damages) 

$621,715,000 $664,189,000 $416,313,000 $458,787,000

PV Costs 
(development & 
operating total cost) 

$512,465,000 $551,960,000 $512,465,000 $551,960,000

Benefit/Cost Ratio 1.21 1.20 0.81 0.83

Net Present Value $109,250,000 $112,229,000 -$96,152,000 -$93,173,000

Average Annual 
Damages 

$25,370,933 $27,104,222 $16,988,895 $18,722,184

 

Benefit/Cost Comparison 

Mitigation Project 

High Damage Scenario Low Damage Scenario 

1:100 Year 
Protection 

1:200 Year 
Protection 

1:100 Year 
Protection 

1:200 Year 
Protection 

SR1 1.87 2.07 1.32 1.32 

MC1 1.43 1.65 1.01 1.05 

Glenmore 1.21 1.20 0.81 0.83 
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1 Introduction 

1.1 Background 
The flood of 2013 was a devastating event for Southern Alberta and the City of Calgary.  The 
flood event had the largest economic impact of any extreme weather event in Canada to date.  
As part of the response to protect communities from future flood damage, the Province of 
Alberta commissioned a study through the Flood Mitigation Advisory Panel to provide 
engineering assessments and practical solutions on possible flood mitigation measures.   

In March of 2014 the City of Calgary retained Hatch Mott MacDonald (HMM) to prepare a 
detailed feasibility study to provide recommendations on a preferred tunnel diversion from 
Glenmore Reservoir aimed at routing flood flows away from that portion of the Elbow River 
between Glenmore Reservoir and the confluence with the Bow River.   

As part of the subsequent Provincial Flood Damage Assessment Study, IBI Group was 
commissioned by the Government of Alberta ESRD Operations, Resilience and Mitigation 
Branch to undertake a benefit/cost analysis of the recommended Glenmore Reservoir Diversion. 

1.2 Purpose 
The purpose of the benefit/cost analysis is to provide a comparison of project benefits, in terms 
of damages averted to project costs, including capital and operating costs to determine if the 
project under consideration is economically viable. 

1.3 Scope 
For the purposes of this study, benefits are restricted to economic benefits accruing within the 
study area, which is defined as the flood risk area within the City of Calgary boundaries.  The 
study utilizes current damage estimates based on updated stage-damage curves and the 
Provincial Rapid Flood Damage Assessment Model.  Project costs are based on the estimates 
prepared as part of the Glenmore Reservoir Diversion Feasibility Study dated July18, 2014. 

2 Context 

Exhibit 2.1 illustrates the study area, while Exhibit 2.2 illustrates the location of the preferred 
alignment. 

3 Project Description 

Essentially, floodwater exceeding a 1:10 year event will be conveyed from the inlet structure to 
the outlet structure through a tunnel measuring approximately 4.2 km in length along the 
preferred Heritage Drive alignment.  The geometry of the proposed flood diversion tunnel has 
been established based on two flow cases:  500 cm/s and 700 cm/s.  The flow velocity is 
anticipated to be 10 m/s for both cases, meaning a tunnel cross-sectional area of 50 m2 and 
70 m2 would be required for each flow case, respectively. 

Exhibit 3.1 illustrates some of the details of the proposed tunnel structure. 
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Context - City of Calgary

EXHIBIT 2.1 
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Glenmore Reservoir Diversion Tunnel

EXHIBIT 2.2 
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4.2 INLET WORKS 

The inlet works represent the entry point for the diversion, and must be designed to safely and effi  ciently convey water into the tunnel 
system. The intake confi gurati on for the tunnel can serve the dual purpose of providing access to remove the TBM following excavati on 
of the tunnel as hydraulics demands that it will be of the approximate size needed to remove the TBM, and the incremental cost of 
upsizing slightly for this purpose outweighs the alternati ve of burying the TBM. This access shaft  will become an eff ecti ve drop shaft  
for the inlet. In additi on, it is recommended that the intake system include a trashrack, a guard gate, and a separate regulati ng gate. 
The trashrack would be relati vely coarse in nature, and would serve to prevent large debris from entering the tunnel. The functi on of 
the guard gate will be to provide an emergency shutoff  for tunnel fl ows in the event that the regulati ng gate fails. A separate regulati ng 
gate would be constructed to provide fl ow control capability under smaller fl ood events.

Various concepts, generally categorized into verti cal and horizontal 
arrangements, were assessed for the inlet works including:  

• Plunge Intake:   A plunge intake (see Figure 4-6) normally consists of some 
form of free overfl ow structure, set immediately over a verti cal drop shaft . 
Flow passes over the overfl ow structure, enters the drop shaft  radially, and 
falls verti cally into the drop shaft . The Morning Glory design is a typical 
example, and can be equipped with a ring gate(s) to assist in regulati ng 
fl ow. A separate guard gate can be provided at the base of the drop shaft  
to provide emergency shutoff  capability. The crest elevati on for this type of 
intake is relati vely high, which can be advantageous in terms of its ability 
to minimize the transport of potenti ally abrasive sediment (that may be 
present near the bott om of the reservoir) through the tunnel. Conversely, 
disadvantages potenti ally inherent in this free-standing inlet design are its 

FIGURE 4-5 HYDRAULIC GRADE LINE PLOT: HERITAGE DRIVE (500 M3/S)

FIGURE 4-6 PLUNGE INTAKE
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FIGURE 4-15 TBM LAUNCH BOX FOR THE NIAGARA HYDROELECTRIC PROJECT IN ONTARIO

FIGURE 4-16 TBM LAUNCH BOX EXCAVATION FOR THE STORMWATER MANAGEMENT AND ROAD TUNNEL (SMART), KUALA LUMPUR, MALAYSIA
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FEASIBILITY
ASSESSMENTS4

suscepti bility to unbalanced ice forces that develop on the reservoir each winter, safety and navigati on issues for recreati onal users 
of the reservoir and diffi  culti es with constructi on of such an intake in the reservoir.     

• Vortex Flow Inlet and Drop-Shaft  Structure:   The vortex fl ow intake is a form of verti cal intake, and is designed to cause fl ow to 
wind down a drop shaft  in a helical path rather to plunge verti cally downward. This is accomplished by directi ng the fl ow so that 
it enters the shaft  tangenti ally, and thereby remains in close contact with the drop shaft  wall as it spirals down the shaft . This also 
allows a central air core to form, providing an effi  cient escape route for any entrained air. Regulati on of fl ow into the intake would 
likely be accomplished with a gated control structure that could be constructed upstream of the drop shaft  inlet. 

• Horizontal Intake:   A horizontal intake consists of a bellmouth entrance constructed along the banks of a dyke or reservoir. The 
intake delivers water directly into a downstream penstock, tunnel, or channel, eliminati ng any possible air entrainment caused by 
a plunging jet in the drop shaft . Velociti es in the shaft  and tunnel can then be carefully controlled with the use of a deep regulati ng 
gate. The horizontal intake design is considered to be parti cularly advantageous at the Heritage Drive locati on, given that it can be 
relati vely easily incorporated into the existi ng reservoir dyke, and would provide bett er submergence performance (helping to avoid 
air entraining vorti ces which can reduce effi  ciency). This intake is described in more detail in the paragraphs below.

Although all three intake types are considered to be viable for this project, the vortex fl ow inlet and horizontal intake are judged to 
be the most appropriate. The preferred intake confi gurati on advanced for this pre-feasibility design is a horizontal intake, complete 
with a deep regulati ng gate to provide maximum control on tunnel discharges and velociti es. It unfortunately also represents the most 
challenging opti on with respect to gate maintenance acti viti es. The inlet works associated with this concept are shown in plan view in 
Figure 334731-SK-02 in Appendix A, and in a profi le view in Figure 334731-SK-03 in Appendix A for the tunnel capacity of 500 m3/s. 
Figure 4-7 and Figure 4-8 provide three-dimensional isometric views of the inlet structures, both with and without the surrounding 
land topography. 

The inlet works consist of the following components:  

• Approach Channel:  The intake and its approach channel will be located along a secti on of the east dyke at the Heritage Drive 
locati on. To facilitate constructi on of the intake and channel, a coff erdam will initi ally be constructed out from the existi ng dyke, 
along a shallow shelf of the reservoir bathymetry. This coff erdam will ti e back into the existi ng dyke both north and south of the 
intake. The existi ng dyke will be removed within the confi nes of this coff erdam, and the excavati on will proceed. The approach 
channel will be parti ally excavated in the dry and parti ally dredged. Beginning at the inlet structure, the channel will rise at a slope 
of 4H:1V from approximately elevati on 1062 m to eventually daylight within the reservoir. 

FIGURE 4-7 ISOMETRIC VIEW OF TUNNEL AND INLET

HYDRAULIC GRADE LINE PLOT: HERITAGE DRIVE (500 m3/s) ISOMETRIC VIEW OF TUNNEL AND INLET

TBM LAUNCH BOX FOR THE NIAGARA HYDROELECTRIC PROJECT IN ONTARIO

EXHIBIT 3.1

City of Calgary - Glenmore Reservoir Diversion Feasibility Study
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4 Cost Estimate 

This estimate was prepared in Canadian dollars assuming a mid-2014 bid date.  The focus of 
the estimate was placed primarily on the tunnelling and underground components as they 
dominate the overall cost and risk provisions.  These costs were estimated, drawing from the 
HMM proprietary cost estimating method TED (tunnel estimating database), which adopts 
estimating methods similar to those used by tunnelling contractors. 

4.1 Basis of Estimate/Assumptions 
The cost estimate includes the following elements: 

 Procurement and mobilization of equipment & materials. 

 Site setup. 

 Outlet launch box excavation in soil and rock (includes secant pile wall). 

 Shield TBM bored tunnel (includes assemble and disassemble costs) with precast 
concrete tunnel lining. 

 Inlet shaft excavation (includes secant pile wall). 

 Inlet transition section. 

 Control shaft excavation (includes secant pile wall). 

 Control gate area excavation. 

 Construction water (tunnel inflows) treatment facilities and disposables. 

 Final concrete lining for inlet and control shafts. 

 Transport and disposal of excavation muck. 

 Excavation including topsoil removal. 

 Construction of concrete inlet/outlet structures. 

 Fabrication, installation and commissioning of all gates (includes guides, provisions 
for hydraulic and control system). 

 Service shaft (includes consideration of ladder, dewatering system, air circulation 
fan and a housing). 

 Indirect costs. 

 Construction contingency. 
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A summary of the cost estimate for the Heritage Drive alignment is provided in the table below. 

Summary of Total Project Costs for the Deep Tunnel Option Along the Heritage Drive 
Tunnel Alignment (millions of dollars)1 

 

 

 

 
Notes: 

1. All costs in millions of Canadian dollars and assume a mid-2014 bid date (excluding GST). 

2. Operational and maintenance costs are expected to be between $1.8 to $2.0 million per year. 

3.  Refer to Appendix G of the HMM report for a breakdown of Construction Capital Costs. 

4.  Environmental mitigation costs are assumed to be 1.5% of the construction capital costs. 

5.  Professional services are assumed to be 25% of the construction capital costs and include final design 
services, construction management and additional costs to the owner (e.g., permit and agency fees for 
plan check, inspections and testing, and engineering fees for design consultants retained by city 
agencies or project stakeholders).  This is based in part on The American Society of Civil Engineers 
Manual of Practice 45 “How to work effectively with consulting engineers”. 

6.  Right of Way costs for a temporary construction easement are assumed to be 5% of the assessed land 
value. This will need to be confirmed with the City of Calgary.  The total area of subsurface easement is 
estimated at 3,000 m2. 

4.2 Flood Defences at Bragg Creek 
The flood mitigation measures study for the Bow, Elbow and Old Man River basins 
recommended flood defences at Bragg Creek if flood protection infrastructure for the City of 
Calgary was located downstream of Bragg Creek.  Protection of the Hamlet via dykes was 
proposed with a further recommendation that if a decision was made to proceed with a project 
located downstream of Bragg Creek, then the detailed design and planning for the dykes of 
Bragg Creek should be initiated as soon as possible.2  Costs for the dyke system were estimated 
at $6.2 million (see Appendix A). 

5 Flood Damages 

5.1 Without Mitigation Alternative 

5.1.1 City of Calgary 

Flood damage estimates were generated for the City of Calgary employing updated stage-
damage curves and the Provincial Rapid Flood Damage Assessment Model.  Damage 
assessments were generated for nine return frequencies including:  1:2 year, 1:5 year, 
1:10 year, 1:20 year, 1:50 year, 1:100 year, 1:200 year, 1:500 year and 1:1000 year, which 
allowed for the computation of average annual damages.  Damage estimates were also 
assessed under two cases:  a higher or “worst case” condition and a lower or “anticipated case” 
condition. 

                                                      
 
1  Hatch, Mott, MacDonald Ltd., Glenmore Reservoir Diversion Feasibility Study – Final Report, July 18, 2014. 
2  AMEC Environmental & Infrastructure, Southern Alberta Flood Recovery Task Force, Flood Mitigation Measures for the Bow, Elbow and 

Oldman River Basins, Volume 1 – Summary Recommendations Report – Final, June 2014. 
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The detailed analysis of City of Calgary flood damages is contained under separate cover; 
however, summary tables are contained in Appendix B.  For the 1:100 year flood under the 
higher damage case, total damages on the Elbow are estimated at $741,005,000.  Average 
annual damages for the Elbow River under the higher case equate to $30,110,965. 

For the 1:100 year flood under the lower case assumptions, total damages on the Elbow River 
are estimated at $538,369,000 with average annual damages estimated at $21,728,927. 

5.1.2 Other Damages 

Flood damage studies, akin to the detailed assessment undertaken for the City of Calgary have 
not been generated for areas upstream of the Glenmore Reservoir Diversion project including 
Bragg Creek, Redwood Meadows and infrastructure within Rocky View County which would not 
be protected by the proposed Glenmore Reservoir Diversion project.  These damages constitute 
costs over and above those accruing to the City of Calgary and should be taken into 
consideration as part of the benefit/cost analysis.  

A variety of secondary sources were employed to determine damages, including the damage 
claims submitted under the 2013 Southern Alberta Disaster Recovery Program along with a 
previous study of Bragg Creek completed for Alberta Environment Planning Division in 19873. 

In terms of the 2013 Southern Alberta Disaster Recovery Program, the total estimated amount 
for flood recovery projects between the McLean Creek dam site and the City of Calgary is 
approximately $5.6 million.  This amount is made up of $1.084 million for recovery projects in 
Rocky View County (including Bragg Creek), $2.657 million for recovery projects in the Townsite 
of Redwood Meadows, and $1.901 million for recovery projects in the Tsuu T’ina First Nation.  
Details are contained in Appendix C. 

5.1.2.1 1987 Bragg Creek Floodplain Management Study 

The 1987 Bragg Creek Floodplain Management Study identified 37 residential units and 21 
commercial units within the flood hazard area.  This has increased to 51 residential units and 29 
commercial units, representing an increase of 27% for residential and 28% for commercial.  A 
very cursory assessment of potential damages employing values from the updated stage-
damage curves suggests total damages in the order of $12.7 million for the Bragg Creek flood 
study area for the 1:100 year event.   

5.1.2.2 Cost Implications 

At this juncture it is not possible to accurately calculate average annual damages for the areas 
upstream of the Glenmore Reservoir Diversion project.  Notwithstanding, in order to account for 
the other damages, and therefore additional costs that will be incurred by the Glenmore 
Reservoir Diversion project over the MC1 project (McLean Creek Flood Storage), an additional 
$8.9 million in total costs are proposed to be added to the Glenmore project. 

5.2 With Mitigation Alternative 
Implementation of the Glenmore Reservoir Diversion project results in a reduction of average 
annual damages under the four cases as follows:  

 1:100 year level of protection under the higher damage scenario = $25,370,933 

 1:200 year level of protection under the higher damage scenario = $27,104,222 

                                                      
 
3  Bragg Creek Floodplain Management Study – Final Report, J.N. MacKenzie Engineering Ltd. in association with W-E-R Engineering 

Ltd., IBI Group and Ecos Engineering Services Ltd., January 1987. 
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 1:100 year level of protection under the lower damage scenario = $16,988,895 

 1:200 year level of protection under the lower damage scenario = $18,722,184 

6 Benefit/Cost Analysis 

6.1 Benefit/Cost Analysis for Flood Mitigation Projects 
For flood mitigation projects, economic evaluation requires a comparison between the events 
predicted to occur if the project is built and those predicted to occur if the project is not built.  
This is called the “with and without principle”.  For flood control one cannot directly equate an 
exchange in the market, however flood control benefits can be estimated by assuming they are 
equivalent to the flood damage prevented. 

For flood mitigation projects the probabilistic approach to benefit/cost estimates is used.  To 
reiterate, within the defined flood risk area, flood damages were estimated with the application of 
depth-damage curves applied to the various return flood events (probability).  The flood damage 
probability distribution was then plotted and the average annual damage (AAD) estimated for 
project evaluation purposes. 

With the updated average annual damages and cost estimates of the diversion alternative, an 
economic efficiency evaluation was performed.  This evaluation is based upon the net present 
value (NPV) of respective benefits and costs.  The net present value of any project is governed 
by three variables:  the average annual cost or benefit, discount rate, and discount period.  To 
provide a consistent economic evaluation of flood mitigation projects across the Province, a 
common discount rate of 4% was agreed upon and applied.  The discount period is the estimate 
of the alternative’s project life. 

The benefit/cost (B/C) ratio of a project is the ratio of net present value of the benefits (average 
annual damages) over the net present value of the costs.  This value is the indicator of economic 
efficiency.  Where the benefits exceed costs, the ratio would be greater than 1.0, and where 
benefits are less than costs then the ratio would be less than 1.0.  An economically-efficient 
project would have a B/C ratio greater than 1.0.  At a B/C ratio of 1.0, the project is at a 
breakeven point. 

6.2 Assumptions/Methodology 
The following assumptions were employed in the benefit/cost analysis: 

 Costs are based on the estimated capital and operational/maintenance costs 
presented in Section 4. 

 $8.9 million in capital costs was added to the Glenmore Reservoir Diversion 
scenario to account for required mitigation measures upstream. 

 Benefits are based on the quantification of flood damages averted as outlined in 
Section 5. 

 The benefit/cost analysis has been carried out using a net present value analysis. 

 A 100 year economic analysis. 

 Annual operating and maintenance costs of $1.8 million. 
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6.2.1 MC1 (McLean Creek Flood Storage Project) and SR1 (Springbank Off-
Stream Flood Storage Project) 

Net benefits for MC1 and SR1 were computed on the basis that the projects will provide 
protection downstream of Glenmore Dam to the 1:100 and 1:200 year flood events.  When these 
events are exceeded, the damages will start to increase rapidly as the peak discharge passes 
through the flood hazard area within the City of Calgary.  Without additional hydrologic routing, it 
was assumed that once the design event is exceeded, full damages are incurred.  With 
additional hydrologic routing it is possible that the benefit/cost ratios of these schemes will 
improve somewhat. 

6.2.2 Glenmore Reservoir Diversion 

With respect to the Glenmore Reservoir Diversion it was possible to calculate the reduced 
damages that would be achieved as a result of the 500 and 700 CMS diversion.  The 
incremental flow was passed downstream and damages based on the reduced flood flow were 
computed to determine the net benefits.  Consequently, a higher benefit can be attributed to the 
diversion scheme based on this higher level of analysis.  Notwithstanding the higher overall 
benefits, the actual benefit/cost ratio as illustrated in the next section is lower than the MC1 and 
SR1 schemes due to the much higher cost base of the Glenmore Reservoir Diversion.   

Exhibit 6.1 illustrates this principle considering the average annual damage on the Elbow under 
the low damage scenario.  If all flood damage can be eliminated then the average annual 
damage is equal to the area under the curve from the Y to the X axis.  This is the total average 
annual damage.   

If a dyke is constructed to a 100 year flood protection, the area right of the red line is subtracted 
from the total average annual damage.  This is the value of the average annual damage averted.  
However, when the 100 year flood is exceeded then all the properties are flooded 
instantaneously (area to the left of the red line).  Similarly, for a dyke built to the 200 year level of 
protection. 

Conversely, in the case of the diversion tunnel, the mitigation is the area right of the orange line.  
In this case, when the diverted flow is exceeded, then the damage occurs gradually (slope of the 
orange curve) rather than vertically, like the dyke situation. 

Exhibit 6.1:  Affect of Mitigation on Average Annual Damage 
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6.3 Discussion of Results 
Exhibit 6.2 highlights the key results of the benefit/cost analysis of the Glenmore Reservoir 
Diversion project under the four cases as discussed. 

For the 1:100 year level of protection under the high damage scenario, the present value of 
benefits is some $622 million versus $512 million in costs, rendering a positive benefit/cost ratio 
of 1.21. 

At the 1:200 year level of protection under the high damage scenario, the benefit/cost ratio 
decreases slightly to 1.20, illustrating the economic viability of both alternatives. 

For the lower damage scenarios, the 1:100 year present value of benefits is $416 million versus 
$512 million in costs, rendering a benefit/cost ratio of 0.81.  At the 1:200 year level of protection, 
the benefit/cost ratio increases slightly to 0.83. 

In summary, this project demonstrates economic viability under only two of the four cases 
considered. 

Exhibit 6.2:  Benefit/Cost Analysis 

Indicator 
High Damage Scenario Low Damage Scenario 

1:100 Year 
Protection 

1:200 Year 
Protection 

1:100 Year 
Protection 

1:200 Year 
Protection 

PV Benefits (average 
annual damages) 

$621,715,000 $664,189,000 $416,313,000 $458,787,000

PV Costs 
(development & 
operating total cost) 

$512,465,000 $551,960,000 $512,465,000 $551,960,000

Benefit/Cost Ratio 1.21 1.20 0.81 0.83

Net Present Value $109,250,000 $112,229,000 -$96,152,000 -$93,173,000

Average Annual 
Damages 

$25,370,933 $27,104,222 $16,988,895 $18,722,184

6.4 Benefits Beyond the Study Area 
Of the three mitigation projects under consideration, only one – the McLean Creek Flood 
Storage project (MC1) – provides benefits beyond the primary study area, the City of Calgary.  
An analysis of any potential benefits downstream of the City was outside the scope of this 
analysis.  Needless to say, it is anticipated that benefits downstream of the City would be 
marginal in any event. 

6.5 Triple Bottom Line Considerations 
Traditional economic analyses of flood mitigation alternatives have generally assumed a 
straightforward objective of maximizing the net benefits (total benefits minus total costs) that 
accrue to a project.  Society however, has other goals besides economic efficiency.  These 
goals or objectives are the results of outcomes that society desires and have more recently been 
described as triple bottom line objectives which include, in addition to economic objectives, 
considerations of environmental and social impacts.  In relation to flood mitigation projects, the 
following criteria are often considered in the evaluation process: 
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 Disaster prevention: 

 reduces current losses 

 reduces future losses 

 potential residential loss of life 

 potential non-residential loss of life 

 Environmental impact: 

 biophysical impacts 

 social impacts 

 aesthetic impacts 

 Implementation: 

 complexity 

 flexibility of integration with other measures 

 Incidental benefits: 

 recreation 

 drought mitigation 

 other 

This study was concerned solely with economic efficiency and consequently does not include 
analysis of the aforementioned non-commensurable criteria. 

6.6 Summary and Conclusions 
Exhibit 6.3 below illustrates the relative ranking of the flood mitigation projects.   

Exhibit 6.3:  Benefit/Cost Ratio 

Mitigation 
Project 

High Damage Scenario Low Damage Scenario 

1:100 Year 
Protection 

1:200 Year 
Protection 

1:100 Year 
Protection 

1:200 Year 
Protection 

SR1 1.87 2.07 1.32 1.32 

MC1 1.43 1.65 1.01 1.05 

Glenmore 1.21 1.20 0.81 0.83 

 
The Glenmore Reservoir Diversion achieves a positive benefit/cost ratio in only two of the four 
scenarios and ranks third behind the other two mitigation projects.4  In addition, of the three 
scenarios considered, the diversion project appears to have the highest level of uncertainty 
relative to costs.  It relies upon new and relatively untested technology in the Alberta context 
versus the alternative storage solutions.  The recent cost escalations associated with the City of 
Calgary airport runway tunnel (greater than two times the original estimate) provides a good 
example of the latter concern.  

                                                      
 
4  Refer to IBI Group Reports:  Benefit/Cost Analysis of Flood Mitigation Projects for the City of Calgary: Springbank Off-Stream Flood 

Storage (February 2015) and Benefit/Cost Analysis of Flood Mitigation Projects for the City of Calgary: McLean Creek Flood Storage 
(February 2015). 

J:\36910_PrvnFldDmgSt\10.0 Reports\10.5 Text\Benefit Cost Reports\Glenmore\PTR-PFDAS-GlenmoreReservoir-BenefitCost_2015-02-18.docx\2015-02-18\MP 
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Appendix A – Bragg Creek Proposed 
Dyke System 
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Bragg Creek Flood Risk Area and Proposed Dyke System

EXHIBIT -1

CSP WELL

FLOOD FRINGE

FLOW DIRECTION

FLOODWAY

FLOOD DYKE / RIPRAP PROTECTION

DYKE / TRM PROTECTION

WATER BODY

FLOOD RISK ZONES
(SEE SECTION 3.4.1)

LEGEND:

NOTES:

1. LIDAR DATA PROVIDED BY THE M.D. OF 
ROCKEYVIEW COUNTY.

2. AIR PHOTO PROVIDED BY ALBERTA 
ENVIRONMENT AND SUSTAINABLE 
RESOURCE DEVELOPMENT, DECEMBER 
2013.

Source: 

amec - Southern Alberta Flood Recovery Task Force

Flood Mitigation Measures for the Bow, Elbow and Oldman River Basins

Volume 4 - Flood Mitigation Measures - Final

June 2014
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Elbow River at Banff Creek f

EXHIBIT -2

Source: 
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Flood Mitigation Measures for the Bow, Elbow and Oldman River Basins

Volume 4 - Flood Mitigation Measures - Final

June 2014



Benefit/Cost Analysis for Flood Mitigation Projects for the City of Calgary:  

Glenmore Reservoir Diversion

February 2015

Conceptual Cost Estimate - Bragg Creek Flood Defence Dykes & French Drain

EXHIBIT -3

Source: 

amec - Southern Alberta Flood Recovery Task Force
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Volume 4 - Flood Mitigation Measures - Final

June 2014
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Appendix B – City of Calgary Flood 
Damage Estimates 

 



*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river
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Total Damages, Bow and Elbow Rivers, With Sewer Backup
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river
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Total Damages, Bow River, With Sewer Backup
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river

EXHIBIT B-3

Total Damages, Elbow River, With Sewer Backup
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Flood Damages Probability Distribution, Bow and Elbow Rivers
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Flood Damages Probability Distribution, Bow River
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Flood Damages Probability Distribution, Elbow River
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river

Alternative Damage Scenario - Total Damages, Bow and Elbow Rivers, With Sewer Backup
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river

Alternative Damage Scenario - Total Damages, Bow River, With Sewer Backup
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river

Alternative Damage Scenario - Total Damages, Elbow River, With Sewer Backup
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Alternative Damage Scenario - Flood Damages Probability Distribution, Bow and Elbow Rivers
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Appendix C – Southern Alberta 
Disaster Recovery Program 
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EXHIBIT C-1

2013 Southern Alberta Disaster Recovery Program - Ongoing Project Estimate Tracking - As of February 4, 2014
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2013 Southern Alberta Disaster Recovery Program - Ongoing Project Estimate Tracking - As of February 4, 2014
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