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Executive Summary 

Key Metrics 

Project Costs 

Item Cost 

Project Construction $159,768,000

Upstream Mitigation $8,900,000

Land Acquisition $40,000,000

Total 1:100 Year Protection $208,668,000

Additional Cost for 1:200 Year Protection $55,000,000

Total 1:200 Year Protection $263,668,000

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) 

$476,899,000 $639,943,000 $336,847,000 $408,901,000

PV Costs 
(development & 
operating total cost) 

$255,098,000 $309,607,000 $255,098,000 $309,607,000

Benefit/Cost Ratio 1.87 2.07 1.32 1.32

Net Present Value $221,801,000 $330,336,000 $81,749,000 $99,294,000

Average Annual 
Damages 

$19,461,291 $26,114,777 $13,746,068 $16,686,439

 

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 October of 2013, AMEC Environment & Infrastructure (AMEC) was contracted to provide a 
flood mitigation feasibility study for the Bow River, Elbow River and Oldman River Basins. 

A number of mitigation schemes were considered for the Elbow River upstream of the City of 
Calgary, including an off-stream flood storage project in Springbank. 

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 Springbank Off-Stream Flood Storage project. 

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 Springbank Off-Stream Storage project submitted to the Southern 
Alberta Flood Recovery Task Force and dated June 2014. 

2 Context 

Exhibit 2.1 illustrates the study area, while Exhibit 2.2 illustrates the location of the off-stream 
storage project. 
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Regional Setting

EXHIBIT 2.1 
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Local Setting

EXHIBIT 2.2
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3 Project Description 

The project consists of three basic components: 

1. a river diversion structure; 

2. a diversion channel and reservoir inlet structure; and 

3. an off-stream storage dam and reservoir. 

The diversion structure system would consist of a concrete overflow weir section crossing the 
Elbow River, a gated concrete sluiceway/fishway located adjacent to the left side valley 
abutment with its invert at the river thalweg level, and a gated diversion outlet structure located 
in the left valley abutment immediately upstream of the sluiceway.  A conceptual design layout 
for the diversion structure system is provided in Exhibit 3.1.  Additional structure details are 
provided in Exhibit 3.2, Exhibit 3.3 and Exhibit 3.4. 

The proposed diversion channel profile and a typical channel section are illustrated in 
Exhibit 3.5.  The diversion channel is designed to convey a peak diversion flow of 300 m3/s from 
the Elbow River into the off-stream storage reservoir.  The channel is designed with a 24 m 
bottom width, three horizontal to one vertical side slopes and a 3.6 m water depth. 

A 3 km long earthfill storage dam, having a maximum height of 24 m, is required to contain the 
diverted flood water.  The conceptual design considers a zoned earthfill dam with a clay core 
and random earthfill shells as illustrated in Exhibit 3.6.  Embankment slopes of 3H:1V are 
provided with 6 m wide berms at strategic levels resulting in average dam slopes of between 
3H:1V and 4H:1V.  The berms are included to provide stability, and to facilitate access for 
inspection, maintenance and geotechnical instrument monitoring.   

The dam system will include a gated low-level outlet structure.  The structure will include a 1.5 m 
wide by 1.8 m high concrete conduit through the dam, including a gatewell tower located near 
the dam centreline as illustrated in Exhibit 3.7.  This structure will be used to release stored 
water back into the river after the flood has passed.  Channel improvements will be required 
along the creek, connecting this outlet to the Elbow River.   
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Springbank Off-Stream Storage Project (SR1) Diversion System and Reservoir Area Layout

EXHIBIT 3.1
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Details - Springbank Off-Stream Storage Project (SR1) Diversion Weir / Sluiceway / Fishway / Outlet Structure System 

EXHIBIT 3.2
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EXHIBIT 3.3

Details - Springbank Off-Stream Storage Project (SR1) Diversion Structure System Sections (Sheet 1 of 2)
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EXHIBIT 3.4

Details - Springbank Off-Stream Storage Project (SR1) Diversion Structure System Sections (Sheet 2 of 2)
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EXHIBIT 3.5

Details - Springbank Off-Stream Storage Project (SR1) Diversion Channel
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EXHIBIT 3.6

Details - Springbank Off-Stream Storage Project (SR1) Off-Stream Storage Dam & Low Level Outlet
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EXHIBIT 3.7

Details - Springbank Off-Stream Storage Project (SR1) Reservoir Inlet Structure
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4 Cost Estimate 

A detailed cost estimate is provided in Exhibit 4.1A/B1.  The project cost is estimated to be 
$159,768,000.  This price does not include the cost of land acquisition.  The estimate provided 
herein is based on 2012 construction price data.  Year 2012 prices were used considering that 
2013 construction prices are skewed as a result of abnormal activity which resulted from the 
June 2013 flood event.  It is assumed that the construction of SR1 would take place in a more 
competitive environment for contractors and suppliers, and as such the 2012 prices are 
considered indicative of realistic project cost.  The estimate was produced considering the 
conceptual designs presented herein.  Additional subsurface soils investigations are required to 
better establish the concept details presented herein.  More detailed hydrological assessment 
and topographic data are required to better establish the size of required works.  A contingency 
allowance of 25% has been included in an effort to account for additional costs which could 
result from future additional information and the results of more detailed design work. No 
allowance is included for escalation until the time of construction. 

To increase the flood protection above the 1% AEP, to the 2013 flood of record level would 
require the dam crest level raised by approximately 2.5m to Elevation 1214.5m and would also 
require a larger diversion outlet structure and channel.  These adjustments would result in 
additional project cost of approximately $55 million.  This amount includes contingency and 
engineering allowances. 

4.1 Land Acquisition 
Land requirements were based on the conceptual design footprint including the diversion, 
storage reservoir to contain a 1:100 year event, and dam, and equated to some ±1,760 acres.2  
Currently, this land is under cultivation or pasture.  In terms of planning status, the land is 
currently designated Ranch and Farm District (RF) according to the Rocky View County Land 
Use Bylaw.  The purpose and intent of this land use designation is to “provide for agricultural 
activities as the primary land use on a quarter section of land or on a large balance of lands from 
a previous subdivision” (Rocky View County Land Use Bylaw, 1998).   

There are no Area Structure Plans in place for the area and according to the County’s Growth 
Management Strategy, the area has not been recognized as a location for future growth (see 
Appendix A). 

To establish potential land acquisition costs, 2014 MLS sales transactions for raw land and 
country residential style lots within the Springbank area (see Exhibit 4.2) were analyzed along 
with data from country residential developments including Watermark, Silverhorn and Harmony 
(see Appendix B).  In addition, real estate brokers were solicited for opinions on potential land 
values in the general area. 

Typical agricultural land values vary considerably depending upon soil quality, crop potential, 
etc. and vary from $4,000 to $8,000/acre.  Larger transactions of farmland (±120 acres) have 
ranged between $6,000 and $9,000/acre within the general area.  Using the upper bound of say 
$10,000/acre, would equate to a land acquisition cost of $17.6 million. 

Developable land values are considerably higher with larger land assemblies (±120 acres) 
ranging from between $22,000 and $105,000/acre and averaging $50,000/acre. 

  

                                                      
 
1  AMEC Environmental & Infrastructure, Southern Alberta Flood Recovery Task Force, Volume 4 – Flood Mitigation Measures, 

Appendix G – Springbank Off-Stream Storage Project, May 2014. 
2  Actual land requirements will vary based on the detailed design of the facility which is currently underway. 
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Southern Alberta Flood Recovery Task Force 
Volume 4 - Flood Mitigation Measures – Final 
Appendix G – Springbank Off-stream Storage Project 
May 2014 

CW2174 Volume 4 Flood Mitigation Measures Appendix G Rev 1.docx Page 21

Table G9.1
Off-stream Storage Project (SR1) Cost Estimate

Item Unit Quantity Unit Price Extension

General

Mob./Demobilization lump sum lump sum 7,000,000.00 $7,000,000

Care of Water lump sum lump sum 3,000,000.00 $3,000,000

Clearing & Timber Salvage hectares 10 12,000.00 $120,000

Raise Highway 22 lump sum lump sum 2,000,000 2,000,000

Local Road Modifications km 15 250,000.00 $3,750,000

Topsoil/Seeding etc. m2 1,200,000 1.50 $1,800,000

Subtotal General $17,670,000

        

River Diversion Structure System

Stripping m3 5,000 6.00 $30,000

Common Excavation m3 20,000 10.00 $200,000

Structure Fill m3 10,000 30.00 $300,000

Diversion Weir Concrete m3 4,900 1,000.00 $4,900,000

Sluice/Fishway Concrete m3 990 1,000.00 $990,000

Outlet Structure Concrete m3 1,900 1,000.00 $1,900,000

Precast Decks lump sum lump sum 560,000.00 $560,000

Fine Filter m3 1,200 90.00 $108,000

Coarse Filter m3 1,200 90.00 $108,000

Piping System lump sum lump sum 200,000.00 $200,000

Rock Riprap m3 6,400 130.00 $832,000

Bedding Gravel m3 2,200 70.00 $154,000

Gate/Hoist Systems each 6 500,000.00 $3,000,000

Controls/Instrumentation lump sum lump sum 300,000.00 $300,000

Electrical/Mechanical lump sum lump sum 500,000.00 $500,000

Superstructures each 2 90,000.00 $180,000

Subtotal Diversion Structure System $14,262,000

        

Floodplain Berm

Stripping m3 18,000 6.00 $108,000

Impervious Fill m3 90,000 1.50 $135,000

Random Fill m3 60,000 1.40 $84,000

Fine Filter m3 6,000 90.00 $540,000

Rock Riprap m3 8,000 130.00 $1,040,000

Bedding Gravel m3 4,000 60.00 $240,000

Subtotal Floodplain Berm $2,147,000

Southern Alberta Flood Recovery Task Force 
Volume 4 - Flood Mitigation Measures – Final 
Appendix G – Springbank Off-stream Storage Project 
May 2014 
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Item Unit Quantity Unit Price Extension

Diversion Channel & Reservoir Inlet Structure 

Stripping m3 180,000 6.00 $1,080,000

Common Excavation m3 1,800,000 5.50 $9,900,000

Rock Excavation m3 200,000 10.00 $2,000,000

Impervious Fill m3 10,000 20.00 $200,000

Inlet Chute Concrete m3 2,000 1,200.00 $2,400,000

Fine Filter m3 660 90.00 $59,000

Coarse Filter m3 1,760 90.00 $158,000

Piping System lump sum lump sum 200,000.00 $200,000

Bridge Crossings each 1 4,000,000.00 $4,000,000

Pipeline Crossings lump sum lump sum 4,000,000.00 $4,000,000

Power Line Relocation lump sum lump sum 300,000.00 $300,000

Subtotal Diversion Channel System $24,298,000

Off-stream Storage Dam

Stripping m3 180,000 6.00 $1,080,000

Borrow Excavation m3 1,700,000 5.00 $8,500,000

Overhaul m3km 2,500,000 1.50 $3,750,000

Impervious Fill m3 1,600,000 1.50 $2,400,000

Random Fill m3 1,200,000 1.40 $1,680,000

Fine Filter m3 140,000 60.00 $8,400,000

Coarse Filter m3 20,000 60.00 $1,200,000

Rock Riprap m3 62,000 130.00 $8,060,000

Bedding Gravel m3 31,000 60.00 $1,860,000

Geotechnical Instruments lump sum lump sum 400,000.00 $400,000

Subtotal Off-stream Dam $37,330,000

Dam Outlet Structure and Downstream Channel Improvements

Structure Excavation m3 20,000 20.00 $400,000

Structure Fill m3 15,000 30.00 $450,000

Reinforced Concrete m3 1,600 1,200.00 $1,920,000

Rock Riprap m3 600 130.00 $78,000

Bedding Gravel m3 300 70.00 $21,000

Gate/Hoist Systems each lump sum 160,000.00 $320,000

Controls/Instrumentation lump sum lump sum 100,000.00 $100,000

Electrical/Mechanical lump sum lump sum 400,000.00 $400,000

Superstructure lump sum lump sum 50,000.00 $50,000

Subtotal Structure & Channel Improvements $3,739,000

Off-Stream Storage Project (SR1) Cost Estimate (1 of 2)

EXHIBIT 4.1A



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

Conceptual Design of the Springbank Off-Stream Flood Storage Site

February 2015

Off-Stream Storage Project (SR1) Cost Estimate (2 of 2)
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Impervious Fill m3 1,600,000 1.50 $2,400,000

Random Fill m3 1,200,000 1.40 $1,680,000

Fine Filter m3 140,000 60.00 $8,400,000

Coarse Filter m3 20,000 60.00 $1,200,000

Rock Riprap m3 62,000 130.00 $8,060,000

Bedding Gravel m3 31,000 60.00 $1,860,000

Geotechnical Instruments lump sum lump sum 400,000.00 $400,000

Subtotal Off-stream Dam $37,330,000

Dam Outlet Structure and Downstream Channel Improvements

Structure Excavation m3 20,000 20.00 $400,000

Structure Fill m3 15,000 30.00 $450,000

Reinforced Concrete m3 1,600 1,200.00 $1,920,000

Rock Riprap m3 600 130.00 $78,000

Bedding Gravel m3 300 70.00 $21,000

Gate/Hoist Systems each lump sum 160,000.00 $320,000

Controls/Instrumentation lump sum lump sum 100,000.00 $100,000

Electrical/Mechanical lump sum lump sum 400,000.00 $400,000

Superstructure lump sum lump sum 50,000.00 $50,000

Subtotal Structure & Channel Improvements $3,739,000

Southern Alberta Flood Recovery Task Force 
Volume 4 - Flood Mitigation Measures – Final 
Appendix G – Springbank Off-stream Storage Project 
May 2014 

CW2174 Volume 4 Flood Mitigation Measures Appendix G Rev 1.docx Page 23

Item Unit Quantity Unit Price Extension

Springbank Road Relocation

Grading km 5 550,000.00 $2,750,000

Base/Pavement km 5 650,000.00 $3,250,000

Creek Crossings lump sum lump sum 1,000,000.00 $1,000,000

Subtotal Springbank Road Relocation $7,000,000

SUBTOTAL CONSTRUCTION $106,446,000

Contingencies (25%) $26,661,000

Subtotal Construction and Contingencies $133,107,000

Engineering/Environmental (20%) $26,661,000

TOTAL CONSTRUCTION $159,768,000

9.2 Project Schedule and Contracts

Studies to date indicate that the proposed project is feasible.  A potential project schedule 
moving forward would consider both preliminary engineering and environmental impact 
assessment proceeding on parallel but linked paths, and followed by a detailed design–build or 
a detailed design-bid-build process.

A number of issues need to be resolved in order to proceed with preliminary design and 
environmental impact assessment.  These include:

• Land access;

• Establishing the level of flood protection to be provided by the project (e.g. 1% AEP flood, 
2013 record flood, or larger); and

• Establishing the need for and amount of multi-use storage, if any.

Land access is required in order to proceed with subsurface soil investigations for use in design 
and cost estimates, and for environmental field investigations.  Similarly stakeholder 
involvement is required to better define project issues and potential solutions.  Initiating 
stakeholder involvement and gaining land access need to be initial priorities.

Key stakeholder input is required to better define the preferred reservoir storage volume which 
would impact the locations of the diversion structure, diversion channel, off-stream storage dam 
and associated facilities.  As an example a larger reservoir containment would require a larger 
diversion outlet and channel, a higher dam, the diversion structure to be moved as much as 
200 m upstream, could consider the off-stream storage dam moved about 100 m south, and the 
diversion channel alignment moved up to 100 m north or south of its currently proposed 
location.  Similarly a larger reservoir volume would result in increased impacts to the previously 
discussed four yard complex located in the northeast of Section 24-24-4.  Resolving project size 
and associated layout needs to be an initial priority.

EXHIBIT 4.1B
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Individual country residential lots sold within the market area range from $107,000 to 
$378,000/acre and average $193,000/acre.  The latter reflects developed land value with the 
final sales prices reflecting the cost of raw land, servicing (roads, sanitary, storm and water), 
sales commissions, marketing, legal and developer profit. 

The community of Harmony, located within the market area some 2 to 3 km to the north, is a 
1,748 acre master-planned community, featuring a 140 acre lake, golf course, village centre and 
mixed residential community (see Appendix C).  Assuming approvals were obtained for a 
similar type of development on the site in question, with an acquisition price of $50,000/acre, 
total land acquisition under these assumptions would equate to $88 million; however, given the 
size of the acquisition it is likely that this value would be discounted to reflect the anticipated 
absorption over a long timeframe.  At a discount rate of 4% and a projected 20 year life 
expectancy for the development, the acquisition cost would be $40.163 million in 2014$. 

If the current land owners choose to develop rather than sell the land to a third party developer, 
then the value of the ultimate project (depending upon a large number of factors) could be worth 
considerably more than the land value as stated. 

In summary, land acquisition costs range from a low of $17.6 million to a high of $40.1 million, 
depending upon the precise circumstances surrounding the negotiation and ultimate acquisition.  
For the purposes of this study the higher value, $40 million, is proposed for use in the 
benefit/cost analysis. 

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 SR1 as the 
preferred flood storage scheme for the Elbow River, then the detailed design and planning for 
the dykes of Bragg Creek should be initiated as soon as possible.3  Costs for the dyke system 
were estimated at $6.2 million (see Appendix D). 

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. 

The detailed analysis of City of Calgary flood damages is contained under separate cover; 
however, summary tables are contained in Appendix E.  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. 

                                                      
 
3  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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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 Springbank Off-Stream Flood Storage project 
including Bragg Creek, Redwood Meadows and infrastructure within Rocky View County which 
would not be protected by the proposed Springbank Off-Stream Flood Storage 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 19874. 

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 F. 

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 Springbank Offstream Flood Storage project.  Notwithstanding, in order to 
account for the other damages, and therefore additional costs that will be incurred by the SR1 
project over the MC1 project, an additional $8.9 million in total costs are proposed to be added 
to the SR1 project. 

5.2 With Mitigation Alternative 
Implementation of the Springbank Off-Stream Flood Storage 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 = $19,461,291 

 1:200 year level of protection under the higher damage scenario = $26,114,777 

 1:100 year level of protection under the lower damage scenario = $13,746,068 

 1:200 year level of protection under the lower damage scenario = $16,686,439 

                                                      
 
4  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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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 Springbank Off-Stream Flood Storage 
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. 

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 
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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 Springbank Off-Stream 
Flood Storage project considering the four cases as discussed. 

For the 1:100 year level of protection under the high damage scenario the present value of 
benefits is $477 million versus $255 million in costs, rendering a positive benefit/cost ratio of 
1.87. 

At the 1:200 year level of protection, the benefit/cost ratio increases to 2.07, an economically 
viable project with a very attractive benefit/cost ratio. 

For the low damage scenario the 1:100 year present value of benefits is $337 million versus 
costs of $255 million, rendering a benefit/cost ratio of 1.32. 

With the 1:200 year level of protection the benefit/cost ratio remains at 1.32, once again an 
economically viable project with a positive benefit/cost ratio. 

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) 

$476,899,000 $639,943,000 $336,847,000 $408,901,000

PV Costs 
(development & 
operating total cost) 

$255,098,000 $309,607,000 $255,098,000 $309,607,000

Benefit/Cost Ratio 1.87 2.07 1.32 1.32

Net Present Value $221,801,000 $330,336,000 $81,749,000 $99,294,000

Average Annual 
Damages 

$19,461,291 $26,114,777 $13,746,068 $16,686,439

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 Springbank Off-Stream Flood Storage project achieves a positive benefit/cost ratio under all 
four scenarios and ranks first ahead of the other two mitigation projects with significantly higher 
benefit/cost ratios.5   

 

 

                                                      
 
5  Refer to IBI Group Reports:  Benefit/Cost Analysis of Flood Mitigation Projects for the City of Calgary: McLean Creek Flood Storage 

(February 2015) and Benefit/Cost Analysis of Flood Mitigation Projects for the City of Calgary: Glenmore Reservoir Diversion 
(February 2015). 

J:\36910_PrvnFldDmgSt\10.0 Reports\10.5 Text\Benefit Cost Reports\Springbank\PTR-PFDAS-Springbank-BenefitCost_2015-02-18.docx\2015-02-18\MP 
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Appendix A – Entitlement Status of 
Lands for Off-Stream Storage 
Project 

 



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

Conceptual Design of the Springbank Off-Stream Flood Storage Site

February 2015

23 16 5 4

97 8

16 15

262829

18 13

30 25

17

27

11

14

10 12

21 2319 24

32

20

31 3633

22

3534

8

1

22
22

NRI

R-3
N

R
I

F

AH

NRI

PS

F

F

DC21

F

AH

AH

AH

F

F

R
-2

R-1

AH

AH

F

R
-2

R
-2

F

AH

DC110

RF-2
R-2

R-3

RF-3

R-2

PS

R-2

RF-3

B-1

R-3

RANCH AND FARM DISTRICT
SEE EXCEPTIONS LISTED WITH THIS DISTRICT
RANCH AND FARM TWO DISTRICT
RANCH AND FARM THREE DISTRICT
AGRICULTURAL HOLDING DISTRICT
FARMSTEAD DISTRICT
RESIDENTIAL ONE DISTRICT
RESIDENTIAL TWO DISTRICT
RESIDENTIAL THREE DISTRICT
HIGHWAY BUSINESS DISTRICT
GENERAL BUSINESS DISTRICT
LIMITED BUSINESS DISTRICT
RECREATION BUSINESS DISTRICT
AGRICULTURAL BUSINESS DISTRICT
LOCAL BUSINESS DISTRICT
HIGHWAY FRONTAGE BUSINESS DISTRICT
BUSINESS CAMPUS BUSINESS DISTRICT
INDUSTRIAL CAMPUS BUSINESS DISTRICT

RECREATION DESTINATION BUSINESS DISTRICT
LEISURE AND RECREATION BUSINESS DISTRICT
AGRICULTURAL SERVICES BUSINESS DISTRICT
POINT COMMERCIAL DISTRICT
VILLAGE CENTRE COMMERCIAL DISTRICT
LOCAL COMMERCIAL DISTRICT
REGIONAL COMMERCIAL DISTRICT
INDUSTRIAL ACTIVITY DISTRICT
STORAGE AND SALES INDUSTRIAL DISTRICT
NATURAL RESOURCE INDUSTRIAL DISTRICT
HAMLET RESIDENTIAL SINGLE FAMILY DISTRICT
HAMLET RESIDENTIAL (2) DISTRICT
HAMLET COMMERCIAL DISTRICT
HAMLET INDUSTRIAL DISTRICT
PUBLIC SERVICES DISTRICT
AIRPORT DISTRICT
DIRECT CONTROL DISTRICT

LAND USE MAP No.

DATE: Mar 02, 2009

TWP. 24-4-W5M

MUNICIPAL DISTRICT OF ROCKY VIEW #44

ALL LANDS ARE DESIGNATED RF UNLESS NOTED OTHERWISE

Part FIVE of the BYLAW No. C-4841-97

RF
RF *
RF-2
RF-3
AH
F
R-1
R-2
R-3
B-1
B-2
B-3
B-4
B-5
B-6
B-HF
B-BC
B-IC

B-RD
B-LR
B-AS
C-PT
C-VC
C-LC
C-RC
I-IA
I-SS
NRI
HR-1
HR-2
HC
HI
PS
AP
DC

48

Municipal District of Rocky View #44 - Land Use Map No. 48

Approximate location
of proposed reservoir

EXHIBIT A-1



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

Conceptual Design of the Springbank Off-Stream Flood Storage Site

February 2015

Municipal Development Plan  Page 13 

Figure 4: Area Structure Plan Areas 

AREA STRUCTURE PLANS
(EXISTING OR BEING PREPARED)

AREAS UNDER DEVELOPMENT PRESSURE

MUNICIPAL DISTRICT OF ROCKY VIEW No.44
SUGGESTED AND APPROVED AREA STRUCTURE PLANS

N

January 2003

Municipal District of Rocky View #44 - Suggested and Approved Area Structure Plans

APPROXIMATE LOCATION
OF PROPOSED RESERVOIR
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Municipal District of Rocky View #44 - Growth Management Strategy Map
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of proposed reservoir
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Appendix B – Springbank Area MLS 
Sales and Listing Data for 2014 
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Rocky View West Listing

EXHIBIT B-2



Benefit/Cost Analysis for Flood Mitigation Projects for the City of Calgary:  
Conceptual Design of the Springbank Off-Stream Flood Storage Site
February 2015

Rocky View West Listing

EXHIBIT B-3



Benefit/Cost Analysis for Flood Mitigation Projects for the City of Calgary:  
Conceptual Design of the Springbank Off-Stream Flood Storage Site
February 2015

Rocky View West Listing

EXHIBIT B-4



Benefit/Cost Analysis for Flood Mitigation Projects for the City of Calgary:  
Conceptual Design of the Springbank Off-Stream Flood Storage Site
February 2015

Rocky View West Listing
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Appendix C – Harmony Mixed-Use 
Development, Springbank 
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Regional Setting
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Local Setting
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Conceptual Master Plan - Harmony
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Appendix D – Bragg Creek 
Proposed Dyke System 
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Bragg Creek Flood Risk Area and Proposed Dyke System

EXHIBIT D-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

EXHIBIT D-2

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

EXHIBIT D-3

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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Appendix E – 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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EXHIBIT E-1

Total Damages, Bow and Elbow Rivers, With Sewer Backup

Benefit/Cost Analysis for Flood Mitigation Projects for the City of Calgary:
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*   No Actual damages occur at these flow levels
**  Flood Flow primarily contained within the river
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EXHIBIT E-2

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 E-3

Total Damages, Elbow River, With Sewer Backup
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Flood Damages Probability Distribution, Bow and Elbow Rivers

AAD = $84,430,953
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Flood Damages Probability Distribution, Bow River
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Flood Damages Probability Distribution, Elbow River

AAD = $30,110,965
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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

AAD = $56,341,530
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Alternative Damage Scenario - Flood Damages Probability Distribution, Bow River

AAD = $34,612,603
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Alternative Damage Scenario - Flood Damages Probability Distribution, Elbow River

AAD = $21,728,927
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Appendix F – 2013 Southern Alberta 
Disaster Recovery Program 
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EXHIBIT F-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

EXHIBIT F-2




