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1.0 INTRODUCTION 

1.1 Background 

In November 2018, Alberta Environment and Parks (AEP) commissioned Wood Environment and 

Infrastructure Solutions, a Division of Wood Canada Limited (Wood) to complete the Conceptual 

Assessment for the Bow River Reservoir Options (BRRO) project.  The Conceptual Assessment is the first 

phase of a project studying how to increase water storage capacity on the Bow River upstream of Calgary 

as a means of better managing flood and drought risk, and improving water management flexibility 

downstream.  The BRRO project builds on work completed earlier by the Bow River Working Group (BRWG), 

and documented in a May 2017 report (BRWG, 2017)1, which recommended that conceptual assessments 

of three major infrastructure projects on the Bow River be completed, as follows: 

1. A new Morley Reservoir upstream of Ghost Reservoir.  For the purposes of the Conceptual 

Assessment, this concept was interpreted to mean a new reservoir in the Morley reach of the Bow River, 

extending from the Seebe Hydro Office (Seebe) to the existing Ghost Reservoir. 

2. Expanding the existing Ghost Reservoir.  The BRWG (2017) report recommended that this be 

achieved by raising the dam height to allow the full supply level (FSL) to be raised by about 3 m and/or 

adding a low-level outlet to increase the live storage capacity of the reservoir.  For the purposes of the 

Conceptual Assessment, this concept was interpreted to mean increasing the live storage capacity in 

the Ghost reach of the Bow River, extending from the existing Ghost Reservoir to about 5 km 

downstream of the existing Ghost Dam.  This allowed for two methods of expanding Ghost Reservoir, 

either modifying the existing dam or decommissioning the existing dam and building a new dam further 

downstream on the Bow River, thereby lengthening Ghost Reservoir. 

3. A new Glenbow Reservoir upstream of Bearspaw Dam.  For the purposes of the Conceptual 

Assessment, this concept was interpreted to mean a new reservoir in the Glenbow reach of the Bow 

River, extending from about 5 km downstream of the existing Ghost Dam to the existing Bearspaw Dam. 

Map C1-100 in Attachment C1 presents an overall plan drawing of the Study Corridor that was considered 

in the Conceptual Assessment, extending from Seebe to the City of Calgary.  The Study Corridor is discussed 

further in Section 2.0.  The existing features described above, that define the upstream and downstream 

ends of the three reaches of the Bow River within the Study Corridor, are identified in Map C1-100.   

Considering the results of previous hydrological modelling by the BRWG (BRWG, 2017), and rough estimates 

of the potential storage volume that could be developed at each site, the original Terms of Reference for 

the Conceptual Assessment indicated that the following new live storage volumes should be provided: 

• New Morley Reservoir – 150,000 dam3 of new live storage, with 75,000 dam3 for flood mitigation and 

75,000 dam3 for drought mitigation. 

• Expanded Ghost Reservoir – 60,000 dam3 of new live storage, with 30,000 dam3 achieved by raising 

the reservoir level by 3 m, and 30,000 dam3 achieved by adding a low level outlet to the existing dam; 

a division into flood and drought mitigation was not provided. 

 
1 Bow River Water Management Project, Advice to Government on Water Management in the Bow River Basin, Submitted to Alberta 

Environment and Parks, Government of Alberta, May 17, 2017. 
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• New Glenbow Reservoir – 70,000 dam3 of new live storage, with 60,000 dam3 for flood mitigation and 

10,000 dam3 for drought mitigation. 

1.2 Site Screening Objectives 

During the early stages of the Conceptual Assessment, a comprehensive site screening process was carried 

out to identify the best dam site location and dam height for each of the three reaches of the Bow River:  

Morley, Ghost and Glenbow.  The purpose of the site screening process was to identify potential dam sites, 

evaluate each identified site and, through the use of a weighted scoring system, select three dam sites, one 

in each reach of river, that would be studied in more detail throughout the remainder of the Conceptual 

Assessment and the next phase of the project, the Feasibility Study.  Only at the end of the Feasibility Study 

would a single preferred site be recommended. 

This appendix report documents the site screening process, which included identification and preliminary 

evaluation of ten potential dam sites.  The site screening process considered a number of factors including 

the new reservoir storage volume that could potentially be provided, potential impacts on land and existing 

infrastructure, including homes, and screening level estimates of project costs.  

2.0 STUDY CORRIDOR 

2.1 Extents 

As a first step in the site screening process, a Study Corridor was established along the Bow River, extending 

from Seebe to the western edge of the City of Calgary.  As shown in Map C1-100 in Attachment C1, the 

Study Corridor (outlined in red) is a continuous strip of land about 65 km long along the Bow River between 

Seebe and Calgary, about 5 to 6 km wide, and extending about 1 km back from the river valley crest on 

either side of the river.   

Based on engineering and environmental judgement, the Study Corridor width was considered appropriate 

for the purpose of the conceptual site screening assessment.  In some places, as shown in Map C1-100, 

existing highways or major roads (i.e., Highway 1, Highway 1A, Highway 1X and Stoney Trail) were used to 

define the boundary of the Study Corridor. 

There are four existing hydroelectric dams within the Study Corridor, all owned and operated by TransAlta, 

as follows (from upstream to downstream): Kananaskis Dam; Horseshoe Dam;  Ghost Dam; and Bearspaw 

Dam.  As shown in Map C1-100 in Attachment C1, the Kananaskis and Horseshoe Dams are near the western 

end of the Study Corridor, Bearspaw Dam is near the eastern end of the Study Corridor, and Ghost Dam is 

located about midway along the Study Corridor.  The reservoir impounded by the Ghost Dam, which is in 

the order of 40 m high, is significantly larger than the reservoirs impounded by the three other dams, which 

are each in the order of 20 m high. 

2.2 Environmental Overview 

To gain an initial overall understanding of environmental conditions along the Study Corridor early in the 

Conceptual Assessment, a high level overview scan was completed for the entire Study Corridor, based on 

existing information.  The overview included all environmental disciplines which would later (in Phase 3 of 

the BRRO project) be involved in an Environmental Impact Assessment (EIA) as part of the regulatory 
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approval process, should any of the options eventually proceed to Phase 3.  Upon completion of the site 

screening process described herein, more detailed environmental desktop studies were completed for the 

three selected options.  The findings are discussed in Appendix E of the Conceptual Assessment Main Report 

(Main Report) to which this report is an appendix. 

The initial step of scanning the entire Study Corridor, as part of the site screening process, resulted in the 

following key findings: 

• The entire Bow River valley is a key wildlife and biodiversity zone.  As discussed in Appendix E of the 

Main Report, several wildlife species of concern that are listed provincially and federally could breed in 

the Study Corridor.  Should any of the options eventually be selected as the preferred option, 

species-specific surveys would be required to support the EIA application and regulatory process. 

• The Bow River (and associated reservoirs and tributaries) supports a diverse and ecologically significant 

aquatic community, and the channelized sections are considered habitat of moderate sensitivity.  There 

is limited information regarding fish movements and critical habitat, including spawning and rearing in 

major tributaries.  However, the four existing dams (constructed from 1911 to 1954) in the Study 

Corridor have previously fragmented the watershed, and historical stocking has altered the fish 

community.  None of the existing dams provides fish passage.  Fish species of concern in the Study 

Corridor include bull trout, which, at the time of the site screening assessment, was considered 

Threatened provincially, but not listed under the federal Species at Risk Act (SARA).  Subsequently, in 

August 2019, bull trout became a SARA-listed species, and is considered Threatened.  Cutthroat trout 

have likely hybridized with rainbow trout, and would not be covered under listings for pure-strain 

westslope cutthroat trout. 

• The Study Corridor includes large areas of native grassland (likely fescue grasses), some areas of limber 

pine (endangered provincially, but not SARA listed) and numerous wetlands.  While relatively few rare 

species have been recorded historically, the large areas of native vegetation suggest that it is likely that 

additional rare plants or rare ecological communities will be found during field surveys. 

• The findings of the initial environmental scan were similar along the entire Study Corridor.  While all 

dam site options would have environmental impacts, no significant environmental advantages or 

disadvantages were identified along the entire Study Corridor, except for impacts on the existing 

Glenbow Ranch Provincial Park, in the Glenbow reach of river.  Therefore, other than including parks as 

a factor in the site screening assessment, environmental factors were not considered differentiators. 

2.3 Geological Overview 

To gain an initial overall understanding of the geological conditions along the Study Corridor early in the 

Conceptual Assessment, surficial geology maps were prepared for the entire Study Corridor, and existing 

bedrock geology maps were reviewed.  Further details are provided in Appendix B of the Main Report. 

Appendix B of the Main Report includes the following maps (Attachments B1 and B2, respectively): 

• Surficial geology maps – a series of surficial geology maps, prepared as part of the Conceptual 

Assessment desktop study, building on existing surficial geology maps for the eastern portion of the 

Study Corridor, and using existing information for the western portion of the Study Corridor.  
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• Bedrock geology maps – an existing regional bedrock geology map (and cross sections) as well as an 

older map (and cross sections) from 1927 illustrating the geology along the Bow River upstream of 

Cochrane, based on geological mapping that was completed at the time on a more localized scale. 

The initial geological overview of the entire Study Corridor resulted in the following key findings: 

• The surficial deposits within the Bow River valley (wider than the current Bow River) typically consist of 

glaciofluvial (sand and gravel) deposits, with fluvial (sand and gravel) deposits along the current Bow 

River.  Along and beyond the crests of the Bow River valley, although there are some exceptions, surficial 

deposits are typically moraine deposits (likely sandy glacial till) in the western half of the Study Corridor 

and lacustrine (clay) deposits (may be relatively wet) in the eastern half of the Study Corridor.  Further 

study is required to confirm if suitable low permeability materials for a dam core are locally available. 

• Bedrock conditions are markedly different west and east of Cochrane, as follows: 

− West of Cochrane – the bedrock is folded and faulted, and includes alternating zones of Brazeau 

Formation (predominantly a sandstone, but can contain mudstones) and the Alberta Group 

Formations (predominantly shales).  All else being equal, it would be preferred to locate a dam over 

the Brazeau Formation than over the Alberta Group Formations, and preferably where the bedding 

is dipping (particularly in the upstream direction), not near horizontal.  Ghost Dam is founded on 

similar bedrock foundations, and can be considered a proxy for this portion of the Study Corridor. 

− East of Cochrane – the bedrock bedding is typically horizontal or near horizontal, and consists of 

the Paskapoo Formation (predominantly interbedded sandstone and shale), also known as the 

Porcupine Hills Formation.  The Paskapoo Formation can include pre-sheared weak mudstone 

layers that can mobilize low residual strengths.  All else being equal, this can require relatively flat 

overall dam slopes (from dam crest to toe), depending on the height of the dam and the depth to 

such weak layers in the foundation.  Bearspaw Dam is founded on similar bedrock foundations, and 

can be considered a proxy for this portion of the Study Corridor. 

The ten dam sites described in this site screening report were selected primarily based on topographical 

considerations, and there was no attempt to identify the ‘best’ location for each site from a geological or 

geotechnical perspective, as more site-specific data would be required to do so; however, the above 

observations were kept in mind.  Once the three preferred sites were selected, one in each reach of river, 

following the process described in this site screening report, a more detailed geological and geotechnical 

desktop study was completed for each of the three selected options, based on existing information.  The 

desktop study included reviewing high resolution drone videos that were collected along the Ghost and 

Glenbow reaches of river2 during the Conceptual Assessment.  Further details are provided in Appendix B 

of the Main Report, with annotated still images from the drone video for the Ghost and Glenbow reaches 

of river included as Attachment B4 and Attachment B5, respectively.  

 
2 Drone video was not collected along the Morley reach of river, which falls within Stoney Nakoda First Nation reserve lands. 
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3.0 SITE SCREENING ASSUMPTIONS 

3.1 Terminology 

Figure C-3.1 presents a schematic cross section of a dam and reservoir, and illustrates terminology adopted 

for the Conceptual Assessment.  Some of this terminology is unique to this study, given that the dams will 

be multi-purpose, to better manage flood and drought risk and improve water management flexibility. 

 

Figure C-3.1:  Reservoir Storage Schematic 

 

The following terms are used in this appendix report, and are illustrated in Figure C-3.1: 

 

• Top of Dam (TOD) – the crest of the dam. 

• Flood Attenuation Storage (FAS) Level – the maximum reservoir level under the design flood event 

for downstream flood attenuation3 and all larger flood events, up to and including the Inflow Design 

Flood (IDF) event for dam safety purposes, which has been estimated to be the Probable Maximum 

Flood (PMF).  Each option would include a large gated spillway to pass excess water generated between 

the design flood event for downstream flood attenuation and a PMF event, such that larger flood events 

would not surcharge the reservoir (i.e., increase the reservoir level above the FAS Level). 

• Freeboard – the minimum vertical distance between the TOD and FAS Level, estimated to be 2.5 m.  

This is supported by wind and wave analyses discussed in Appendix D of the Main Report. 

• Dead Storage Level (DSL) – the minimum level to which the reservoir can be drawn down (e.g., during 

an extreme drought event), and also the minimum level required to maintain a reservoir of some size 

at all times.   

• Normal Operating Level (NOL) – the level, or seasonally dependent level, that the reservoir is normally 

held at in non-flood/non-drought conditions.  This level could fluctuate up or down somewhat, and is 

not meant to represent a fixed elevation.  The reservoir level will vary according to operating rules that 

 
3 A design flood event hydrograph for downstream flood attenuation has not yet been established; this will need to be done in 

subsequent phases of the project.  The design flood event will likely be of similar size or greater than the 2013 flood event. 
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will be developed in subsequent phases of the project, providing a basis for discharge release, surcharge 

above the NOL to manage floods, and drawdown below the NOL to manage both floods and droughts 

and improve water management flexibility. 

The total live storage in the reservoir is the volume of water between the FAS Level and the DSL.  As shown 

in Figure C-3.1, the total live storage is divided into the following two components: 

• Flood Storage – the volume of water between the FAS Level and the NOL is the minimum volume 

available for flood mitigation.  If the NOL is drawn down in advance of a flood event, then the volume 

available for flood mitigation would increase.   

• Supplemental Storage – the volume of water between the NOL and the DSL is considered 

supplemental storage for water management flexibility, and water that can be provided for other 

downstream needs such as water supply including drought mitigation. 

3.2 Dam Geometry 

The following screening level assumptions were made for the geometry of all new dams, to provide a basis 

for the screening level cost estimates presented in Section 6.0: 

• For simplicity, the dam was assumed to be an entirely earthfill dam.  The portions that would be concrete 

for the three selected sites would be determined later, as part of the conceptual level designs. 

• Crest width of 10 m. 

• Uniform overall side slopes (upstream and downstream) of 7H:1V.  This relatively flat side slope was 

used to estimate the total volume of fill required, as a means of accounting for all earthworks associated 

with the dam, including berms, upstream blankets, cut-off trenches and/or temporary cofferdams.  

Overall side slopes for the three selected sites, including intermediate slopes and benching, would be 

determined later, as part of the conceptual level designs. 

• Freeboard equal to 2.5 m above the selected FAS Level to protect the dam from wind generated wave 

runup and setup during a flood event.   

For the Upgraded Ghost Dam option, the following assumptions were made for the existing Ghost Dam: 

• The entire existing South Earthfill Dam would be replaced, using the same crest width and side slope 

assumptions as for new dams, as described above.  This assumption was made given the age of the 

dam, the requirement to install a low level outlet as part of this option, and the objective of being able 

to accommodate a faster rate of drawdown than is currently possible. 

• A portion of the existing North Earthfill Dam would also be replaced, estimated as 10% of the 

earthworks volume required to replace the existing South Earthfill Dam. 

3.3 Maximum Reservoir Levels 

For each site, the maximum reservoir level that the dam could impound was selected considering upstream 

constraints, with the objective of balancing the goal of maximizing storage volume with the goal of 

minimizing impacts upstream of the dam site.  This is discussed further in Section 4.1.  
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4.0 DAM SITE OPTIONS 

4.1 Dam Site Locations & Upstream Constraints 

Ten potential dam sites were identified within the Study Corridor, as follows: 

• four in the Morley reach of the Bow River; 

• two in the Ghost reach of the Bow River ; and 

• four in the Glenbow reach of the Bow River. 

The site locations are shown in Map C1-200 of Attachment C1 (except for Morley East4).  Appendix H of the 

Main Report provides drone and aerial images, illustrating upstream constraints for the options considered 

during the site screening process.  The following provides a brief description of each dam site option (from 

upstream to downstream), including upstream constraints and selected maximum reservoir levels.  The 

maximum reservoir levels were selected primarily considering surface water impacts during a flood event, 

given existing upstream constraints.  It is estimated that groundwater impacts will occur in some cases.  In 

subsequent phases of the project, the optimal maximum reservoir level will be investigated, with the 

objective of maximizing potential reservoir storage while managing and/or mitigating groundwater risk. 

1. Morley West Low – Considers a dam located in a relatively narrow valley section (gorge) and, therefore, 

potentially having a lower dam construction cost.  The upstream constraint was considered to be the 

existing Horseshoe Dam.  A maximum reservoir level of El. 1238 m was selected. 

2. Morley West High – Considers a dam located in the same valley gorge as Morley West Low, but 

constructed to a higher level resulting in extensive uplands dykes extending from the main dam, and 

requiring the decommissioning and removal of the existing Horseshoe Dam.  The upstream constraint 

was considered to be the existing Kananaskis Dam, located further upstream than Horseshoe Dam.  

A maximum reservoir level of El. 1257 m was selected.  The resulting dam crest level is near to the 

existing top of uplands adjacent to the dam, and a higher reservoir level would not be possible. 

3. Morley – Considers a dam located approximately 2 km upstream of the Stoney Nakoda First Nation 

community of Morley, in an area of preferential topographic conditions.  The upstream constraint was 

considered to be the existing Horseshoe Dam.  A maximum reservoir level of El. 1238 m was selected, 

the same as for the Morley West Low option. 

4. Morley East – Considers a dam located at the Stoney Nakoda First Nation community of Morley.  This 

option would inundate the entire community.  The upstream constraint was considered to be the 

existing Horseshoe Dam.  A maximum reservoir level of El. 1238 m was selected, the same as for the 

Morley West Low and Morley options.  Although this site initially appeared to have suitable 

topographical conditions for containing a much larger reservoir, it would require the relocation of the 

entire community of Morley; therefore, it was determined to be a non-viable option.  However, it was 

carried through the site screening process, and ranked second lowest in the Morley reach of river, as 

discussed later in this appendix report.  The Morley East option is not illustrated in the maps in 

Attachment C1 considering the sensitivities associated with its location over the community of Morley. 

 
4 The Morley East dam site is not shown in the maps in Attachment C1 as it would significantly impact the Stoney Nakoda First 

Nation community of Morley, requiring relocation of the entire community. 
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5. Upgraded Ghost Dam – Considers increasing the live storage capacity of the existing Ghost Dam by 

raising the dam crest and, therefore, the maximum reservoir level above its existing licensed level of 

El.  1191.77 m5, and also constructing a low level outlet through the existing dam to utilize additional 

reservoir storage, which is not accessible with the existing dam infrastructure.  The upstream constraints 

were considered to be the Stoney Nakoda First Nation community of Morley and the Summer Village 

of Ghost Lake.  A maximum reservoir level of El. 1193 m was selected for the site screening assessment.  

However, as discussed in Section 4.3, this was later re-visited, given the potential impacts to Stoney 

Nakoda First Nation reserve lands and the Summer Village of Ghost Lake. 

6. Relocated Ghost Dam – Considers a new dam approximately 3 km downstream of the existing Ghost 

Dam.  The existing Ghost Dam would be decommissioned, and the new dam would retain the existing 

Ghost Reservoir and inundate the reach of river between the existing and new dams.  The upstream 

constraints were considered to be the same as for the Upgraded Ghost Dam option.  Therefore, a 

maximum reservoir level of El. 1193 m was also selected for the site screening assessment.  However, 

as discussed in Section 4.3, this was later re-visited, given the potential impacts to Stoney Nakoda First 

Nation reserve lands and the Summer Village of Ghost Lake. 

7. Glenbow West – Considers a dam located just west of the Town of Cochrane, with a reservoir extending 

to the existing Ghost Dam upstream. The resulting maximum reservoir level, El. 1162 m, was selected 

so it would not impact the existing Ghost Dam. 

8. Glenbow – Considers a dam located in a relatively narrow valley section and, therefore, potentially 

having a lower dam cost.  The dam height was set such that the resulting maximum reservoir level 

would border, but not impact, the existing residential development along the riverbank through the 

Town of Cochrane.  A maximum reservoir level of El. 1118 m was selected. 

9. Glenbow East – Considers a dam located downstream of the Glenbow site in an area that could provide 

significantly increased reservoir storage as compared to the Glenbow site.  Like the Glenbow site, the 

resulting maximum reservoir level would border, but not impact, the existing residential development 

along the riverbank through the Town of Cochrane.  The Glenbow East option dam site would be within 

the existing Bearspaw Reservoir.  This option currently envisions that the Bearspaw Dam would remain 

in place.  A maximum reservoir level of El. 1118 m was selected, the same as for the Glenbow option.  

10. Expanded Bearspaw – Considers a dam located downstream of the Glenbow East option dam site and 

approximately 1.5 km upstream of the existing Bearspaw Dam.  The site was selected upstream of the 

existing Bearspaw Dam to facilitate relocation of existing Canadian Pacific (CP) rail line, while 

maintaining an estimated maximum allowable grade.  Like the Glenbow East option, the Expanded 

Bearspaw option would back water up to the Town of Cochrane and the dam site would be within the 

existing Bearspaw Reservoir.  Bearspaw Dam may or may not be decommissioned, given its proximity.  

The screening level cost estimate, presented in Section 6.0, did not include an allowance for 

decommissioning Bearspaw Dam; however, the cost would likely be small relative to the estimated total 

project cost for this option.  A maximum reservoir level of El. 1118 m was selected, the same as for the 

Glenbow and Glenbow East options. 

 
5 Reservoir levels for the existing Ghost Reservoir were originally in Imperial units.  The two decimals in Metric versions of the reservoir 

levels herein simply reflect the conversion from Imperial to Metric, and do not indicate greater accuracy than other options. 
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4.2 Screening Level Layouts 

Screening level dam and reservoir layouts were prepared for each of the ten potential dam site options.  

These layouts are illustrated at various scales in the set of maps included in Attachment C1, as follows: 

• Map C1-100 – Overall Study Corridor (1:75,000 scale); 

• Map C1-200 – Key Plan (1:75,000 scale) for Maps C1-201 to C1-205 (1:25,000 scale); 

• Map C1-300 – Key Plan (1:75,000 scale) for Maps C1-301 to C1-308 (1:10,000 scale); and 

• Map C1-400 – Profile along the Study Corridor, from upstream to downstream. 

For each dam site option, the maps illustrate the approximate location of the dam and the maximum extent 

of the reservoir (blue shaded area outlined by a white line) that would be impounded by the dam under a 

flood event, based on the selected maximum reservoir levels discussed in Section 4.1.  The reservoir extents 

were used to assess impacts for the site screening assessment, as discussed further in Section 5.0.  The 

profile in Map C1-400 illustrates the selected dam heights and maximum reservoir levels for each dam site 

option, given the upstream constraints for each option, as discussed above.   

Once the three preferred dam sites, one in each reach of the Bow River, were selected through the site 

screening process described in this appendix report, more detailed conceptual level layouts were prepared 

for the three selected options.  Conceptual design details for the three selected dam sites are provided in 

Appendix D of the Main Report. 

4.3 Maximum Storage Volumes 

For each of the ten dam sites, an area-capacity stage-storage curve was developed, and the total storage 

volume corresponding to the selected maximum reservoir level was calculated.  Using an assumed dead 

storage volume, the total live storage volume for each option was calculated as follows: 

 Live storage = Total storage – Dead storage [1] 

where: 

• For all options involving new dams, a dead storage volume of 5000 dam3 was assumed for the site 

screening assessment.  After the three preferred options were selected, as discussed in this appendix 

report, one in each reach of river, the dead storage volumes to be used in the conceptual designs were 

revisited, and subsequently increased somewhat, with a corresponding decrease in the potential live 

storage volume that could be provided by each option. 

• For the Upgraded Ghost Dam option, a dead storage volume of 23,400 dam3 was assumed, based on 

the assumption that a low level outlet would be installed as part of the upgrade and could draw the 

reservoir down to El. 1177 m.  This was established as the lowest possible level considering a review of 

historic topographic mapping and considering that the new low level outlet would be constructed 

through the South Earthfill Dam area. 
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In order to compare the storage capacity of a new dam to an expansion of an existing reservoir, the new 

live storage volume added to the Bow River system must be calculated.  For a new dam, new live storage 

and total live storage are one and the same.  However, for an expansion of an existing reservoir, the new 

live storage excludes the current live storage of the existing reservoir, as follows: 

 New live storage = Total live storage – Existing live storage [2] 

where: 

• For the Upgraded Ghost Dam and Relocated Ghost Dam options, the existing live storage of Ghost 

Reservoir was estimated to be 63,000 dam3. 

• For the Expanded Bearspaw option, the existing live storage was estimated to be 11,000 dam3. 

Table C-4.1 presents the selected maximum reservoir levels (FAS Levels) and the resulting new live storage 

volumes for the ten dam sites.  The footnotes in Table C-4.1 provide further details on the estimated 

existing live storage volumes for the Ghost and Bearspaw Reservoirs. 

Table C-4.1:  Maximum Reservoir Levels and Storage Volumes  

Potential Dam Site 

FAS 

Level 

(m) 

Storage Volume (dam3) 

A 

Total 

B 

Dead4 

C = A – B  

Live 

D 

Existing Live 

E = D – C  

New Live 

Morley West Low 1238 45,000 5,000 40,000 -- 40,000 

Morley West High 1257 125,000 5,000 120,000 -- 120,000 

Morley 1238 200,000 5,000 195,000 -- 195,000 

Morley East 1238 295,000 5,000 290,000 -- 290,000 
       

Upgraded Ghost Dam1,2 1193 153,800 23,400 130,400 63,000 67,400 

Relocated Ghost Dam1,2 1193 194,600 5,000 189,600 63,000 126,600 
       

Glenbow West 1162 58,000 5,000 53,000 -- 53,000 

Glenbow 1118 61,000 5,000 56,000 -- 56,000 

Glenbow East 1118 133,000 5,000 128,000 -- 128,000 

Expanded Bearspaw3 1118 196,000 5,000 191,000 11,000 180,000 

Notes: 

1. For the purposes of the site screening assessment, the stage-storage curve for the existing Ghost Reservoir (and, therefore, also 

for a portion of the Relocated Ghost Dam option reservoir) was estimated using historical rating curves.  The stage-storage curves 

for both the Upgraded Ghost Dam and Relocated Ghost Dam options were subsequently updated when more information for 

the existing Ghost Reservoir became available, and the updated curves were used for the conceptual design of the selected option 

in the Ghost reach of river (see Appendix D of the Main Report). 

2. The existing live storage volume for Ghost Reservoir of 63,000 dam3 is based on the existing licensed level of El. 1191.77 m, 

corresponding to a total storage volume of 134,700 dam3, and a DSL of El. 1185 m (based on the 2016 agreement between 

TransAlta and the GoA), corresponding to a dead storage volume of 71,700 dam3.  The gate sill at the existing Ghost Dam is lower 

at El. 1182.5 m, which would correspond to a smaller dead storage volume of 53,000 dam3. 

3. The existing live storage of the portion of Bearspaw Reservoir upstream of the Expanded Bearspaw option dam site was estimated 

to be 11,000 dam3, based on historical rating curves for Bearspaw Reservoir. 

4. For the purposes of the site screening assessment, a dead storage volume of 5,000 dam3 was assumed for all new dams.  Once 

the three preferred options were selected, one in each reach of river, the dead storage volumes to be used in the conceptual 

designs were re-visited, and subsequently increased somewhat, with a corresponding decrease in the new live storage volume 

that could be provided by each option. 
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For existing reservoirs, the actual live storage could be less than the volume indicated by the historical rating 

curves, due to the accumulation of sediment in the reservoir.  Bathymetric surveys will be required in 

subsequent phases of the project to prove out the actual live storage of any existing reservoirs, and provide 

useful information on the potential rate of sediment infilling for any project in the future. 

As indicated in Table C-4.1, and building on the BRWG’s recommendation to raise the maximum reservoir 

level of Ghost Reservoir as part of an expansion to the existing Ghost Reservoir, the screening level layouts 

considered a maximum reservoir level of El. 1193.0 m for both the Upgraded Ghost Dam and the Relocated 

Ghost Dam options.  This is 1.23 m higher than the existing licensed level of El. 1191.77 m, but is less than 

the 3 m raise recommended by the BRWG, as it was estimated that a 3 m raise would have severe impacts 

on the Stoney Nakoda First Nation community of Morley and the Summer Village of Ghost Lake.   

However, as explained in Appendix D of the Main Report, the Base Case maximum reservoir level for the 

conceptual design of the option selected to expand the existing Ghost Reservoir was subsequently re-set 

to El. 1191.77 m.  In other words, the conceptual design Base Case would maintain the existing licensed 

level for the reservoir, rather than raising it.  This adjustment was made considering feedback from the 

Summer Village of Ghost Lake during the engagement process, and also considering that any increase in 

the maximum reservoir level above the existing licensed level of El. 1191.77 m would have direct impacts 

on Stoney Nakoda First Nation reserve lands.  The impact of this adjustment in maximum reservoir level on 

the dam site option selection for the Ghost reach of river is discussed further in Section 7.4. 

4.4 Maximum Flooded Area 

Using the screening level dam and reservoir layouts, the incremental area flooded by the reservoir at its 

maximum level during a flood event (FAS Level) was estimated for each dam site, as shown in Table C-4.2.   

Table C-4.2:  Maximum Flooded Area 

Potential Dam Site 

Area (ha) 

Total Flooded by 

Reservoir at FAS Level 

Existing Bow River  

or Reservoir1 

Incremental Flooded by 

Reservoir at FAS Level 

Morley West Low 280 80 200 

Morley West High 653 114 539 

Morley 950 155 795 

Morley East 1445 195 1250 
    

Upgraded Ghost Dam 1234 1114 120 

Relocated Ghost Dam 1471 1146 325 
    

Glenbow West 425 171 254 

Glenbow 590 190 400 

Glenbow East 1050 288 762 

Expanded Bearspaw 1325 368 957 

Notes: 

1. For each dam site option, the estimated area occupied by the existing Bow River (and existing reservoir, if applicable) is based on 

2015 to 2017 Google Earth satellite photographs.  While this area would be smaller than the area that would be flooded without 

a new dam under the yet to be established design flood event for downstream flood attenuation, it was considered reasonable 

for the purposes of calculating the incremental flooded area at the FAS Level for the purposes of the site screening assessment. 
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The true incremental impact of a new reservoir would be the area flooded by the new reservoir at its 

maximum level during a flood event minus the area that would be flooded without the new dam in place 

under the design flood event for downstream flood attenuation.  However, at this early stage of the project, 

a design flood event for downstream flood attenuation has not yet been established; that will need to be 

done in subsequent phases of the project.  Therefore, for simplicity, and for the purposes of the site 

screening assessment, the incremental impact was considered to be the area flooded by the new reservoir 

at its maximum level during a flood event minus the area currently occupied by the existing Bow River 

and/or reservoir based on the Google Earth imagery, which represents a given snapshot in time outside of 

a major flood event.  The impact on the incremental flooded area is expected to be insignificant for the 

purposes of the site screening assessment, as the same approach was used to assess all ten options.   

4.5 Dam Fill Volumes 

Using the dam centreline alignments shown in the maps in Attachment C1 and the geometry assumptions 

in Section 3.2, each dam was modelled to establish estimated total earthfill volumes.  Table C-4.3 presents 

the resulting estimated earthfill volumes required and the approximate maximum dam height for each 

option.  Also included in Table C-4.3 is the ratio of the new live storage (from Table C-4.1) to the dam fill 

volume required, which is an indicator of dam efficiency.  The higher the ratio, the larger the volume of 

water that can be impounded in the reservoir per unit of earthfill required to construct the dam. 

Table C-4.3:  Dam Height and Estimated Fill Volume  

Potential Dam Site 

Approximate 

Maximum 

Dam Height1 

(m) 

Dam Fill 

Volume2,3 

(1000 m3) 

Ratio of New Live Storage 

to Dam Fill Volume 

(dam3/1000 m3) 

Morley West Low 36 2,848 14 

Morley West High 56 10,869 11 

Morley 49 7,680 25 

Morley East 55 13,767 21 
    

Upgraded Ghost Dam 41 2,174 31 

Relocated Ghost Dam 47 3,652 35 
    

Glenbow West 35 2,299 23 

Glenbow 33 2,224 25 

Glenbow East 37 4,443 29 

Expanded Bearspaw 44 3,158 57 

Notes: 

1. Maximum dam height at the river invert. 

2. Assuming all new dams are entirely earthfill dams with 10 m wide crests, uniform overall side slopes of 7H:1V, and 2.5 m of 

freeboard above the selected FAS Level. 

3. For the Upgraded Ghost Dam option, the entire South Earthfill Dam would be replaced using the same crest width, side slope 

and freeboard assumptions as for new dams.  It was also assumed that a portion of the North Earthfill Dam would be replaced, 

estimated as 10% of the earthworks volume required to replace the South Earthfill Dam. 
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5.0 DIRECT IMPACTS 

As part of the site screening process, a quantitative assessment of direct impacts on land and existing 

infrastructure was completed.  All quantities provided are considered reasonable estimates of impacts at a 

conceptual level.  Further discussion of each type of impact is provided in the following sections.   

5.1 Methodology Used 

For each of the ten dam sites, the impact of the reservoir that would be impounded behind the dam was 

assessed by considering the maximum reservoir area in plan view (i.e., reservoir at its FAS Level during a 

flood event) and comparing it to the following: 

• Google Earth satellite imagery (circa 2015 to 2017, depending on the location).  The imagery was used 

to measure the areas of different types of land that would be flooded, count existing homes and 

buildings, identify existing industrial/agricultural sites, count existing bridges, and measure lengths of 

existing railway and highway that would be impacted. 

• Land boundaries, including: 

− First Nation reserve lands; 

− Municipalities and counties; 

− Parks; and 

− Land parcel ownership. 

A field trip to visit several locations in the Study Corridor, along both sides of the Bow River, was completed 

early in the Conceptual Assessment, which was helpful in identifying impacts. 

Appendix H of the Main Report provides a set of drone and aerial images, illustrating some of the impacts 

for the options considered in the site screening process, as discussed further below. 

Dam site options could impact existing TransAlta operations.  Such impacts were not considered in the site 

screening process, but should be considered in subsequent phases of the project. 

5.2 Land 

A new reservoir or an expansion of an existing reservoir will inundate additional land beyond the existing 

Bow River or existing reservoir, depending on the option.  For the purposes of the site screening assessment, 

the impacted land was divided into different types of land.  Table C-5.1 presents a summary of the different 

types of land impacted by each of the ten options.  The following sub-sections of this appendix report 

provide further details for each type of land. 

For the Morley East option, it was assumed that the entire Stoney Nakoda First Nation community of Morley 

would need to be relocated.  For reasons explained in Section 5.2.3, it was estimated that the area occupied 

by the entire community of Morley is about 600 hectares.    
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Table C-5.1:  Summary of Directly Impacted Land 

 

Potential Dam Site 

Incremental Flooded Area1,2,3 (hectares) 

Indigenous 

(Reserve 

Lands)4 

Parks 

Public & Private 

Total 
Municipal5  

Acreage 

Homes6 

Industrial & 

Agricultural 

Morley West Low 194 - - - 6 200 

Morley West High 533 - - - 6 539 

Morley 789 - - - 6 795 

Morley East 1244 - 6007 - 6 12508 
       

Upgraded Ghost Dam9 37 <1 6 - 77 120 

Relocated Ghost Dam9 37 <1 6 - 282 325 
       

Glenbow West 20 10 - - 224 254 

Glenbow - 222 75 - 103 400 

Glenbow East - 293 144 110 215 762 

Expanded Bearspaw - 293 236 152 276 957 

Notes: 

1. Incremental flooded area is the area that would be flooded at the maximum reservoir level during a flood event beyond the area 

that is already occupied by the existing Bow River and/or existing reservoir, depending on the option; see Table C-4.2 for details. 

2. All estimated areas are based on 2015 to 2017 Google Earth satellite photos. 

3. For the purposes of the site screening assessment, only the reservoir area was included, not the area occupied by the dam. 

4. Land within the boundaries of First Nations reserve lands only.  Does not include property outside of First Nation reserve lands 

that is privately owned by Indigenous groups or may have Traditional Land Use considerations and impacts. 

5. Land within municipality boundaries (i.e., City of Calgary, Town of Cochrane and Summer Village of Ghost Lake) or a significantly 

sized Indigenous community (a group of homes and buildings at one location) within First Nation reserve lands (i.e., Morley). 

6. Land outside of municipality boundaries and the boundaries of First Nation reserve lands (i.e., within Rocky View County or 

Bighorn County) within which a group of acreage homes are clearly visible in the satellite imagery. 

7. For the Morley East option, it was assumed that the entire First Nation community (‘town’) of Morley would need to be relocated.  

The estimated portion of the 1244 ha of Indigenous land that represents the affected community is 600 hectares. 

8 The total of Indigenous and Industrial & Agricultural land only, as the Municipal land is already included within Indigenous land. 

9. Impacts for these options are based on the site screening FAS Level of El. 1193 m.    

5.2.1 Indigenous 

Indigenous land was considered to be any existing land within the boundaries of First Nation reserve lands, 

indicated by oranges lines in the maps in Attachment C1.  As shown in the maps, much of the western 

portion of the Study Corridor falls within Stoney Nakoda First Nation reserve lands No. 142, 143 and 144.  

The area reported as impacted Indigenous land does not include fee simple land or any land that is privately 

owned by Indigenous groups or may have Traditional Land Use considerations and impacts.  Those areas 

would be included under one of the other types of land considered in this site screening assessment.   

The following options would impact Indigenous land (First Nation reserve lands): 

• Morley West (Low and High), Morley and Morley East – all of these options are located almost 

entirely on Stoney Nakoda First Nation reserve lands. 

• Upgraded Ghost Dam and Relocated Ghost Dam – the entire south shore and portions of the north 

shore of the existing Ghost Reservoir are part of Stoney Nakoda First Nation reserve lands.  Therefore, 

any raise in the maximum reservoir level for Ghost Reservoir would have a direct impact on the Nation’s 
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reserve lands.  For the Relocated Ghost Dam option, much of the land south of the Bow River valley 

between Ghost Reservoir and Cochrane is also part of the Nation’s reserve lands.  Therefore, depending 

on the dam site location, the required re-alignment of railway could impact the Nation’s reserve lands.  

At the present location, the railway re-alignment remains just outside of the Nation’s reserve lands; 

however, if a dam site further downstream were considered in the future, there could be an impact. 

The four other options would not impact any First Nation reserve lands.  However, for all ten dam site 

options, there could be Traditional Land Use and historical resources considerations that would have to be 

explored in subsequent phases of the project. 

5.2.2 Parks 

Parks land was considered to be existing parks or recreation areas in the Study Corridor.  In the maps in 

Attachment C1, parks land is shaded green and outlined in a black dashed line.  The area reported as parks 

land for the site screening assessment only includes existing parks, not any planned future parks. 

The following options would impact parks land: 

• Upgraded Ghost Dam and Relocated Ghost Dam – a raise in the maximum reservoir level or a 

lowering of the minimum level, as compared to the existing Ghost Reservoir operations, would impact 

the Ghost Reservoir Recreation Area. 

• Glenbow West – this option would impact the Wildcat Island Natural Area (an island in the middle of 

the Bow River between Ghost Reservoir and Cochrane). 

• Glenbow, Glenbow East and Expanded Bearspaw – all of these options would impact a portion of 

the existing Glenbow Ranch Provincial Park and, upstream of the Glenbow option dam site, they would 

all impact the same area, as all options have the same maximum reservoir level.  An additional strip of 

this park runs along the east side of the Bearspaw Reservoir, extending downstream of the Glenbow 

option, that would be impacted by the Glenbow East and Expanded Bearspaw options.   

While not included in the parks land area reported for this screening assessment, there are some 

additional parks currently being developed that would also be impacted by the Glenbow East and 

Expanded Bearspaw options (e.g., the City of Calgary’s Haskayne Park and Bearspaw Legacy Park).  

Haskayne Park will provide a connection to the regional pathway system as part of the Great Trail 

(formerly known as the Trans Canada Trail), linking Calgary to the Glenbow Ranch Provincial Park.  The 

impacted area of these additional parks is small relative to the area of Glenbow Ranch Provincial Park 

that would be impacted and was included in the site screening assessment.   

The four other options would not impact any parks land. 

5.2.3 Municipal 

Municipal land was considered to be any land falling within a municipal boundary (i.e., the City of Calgary, 

the Town of Cochrane or the Summer Village of Ghost Lake).  Also included in this category was any land 

considered to be a significantly sized First Nations community (a group of First Nations homes and buildings 

at one location within First Nation reserve lands), as it was considered a ‘town’ for the purposes of the site 

screening assessment, even though the term ‘town’ does not strictly apply to a First Nations community.  

Impacted homes and buildings on municipal land are discussed in Section 5.3.1. 
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The following options would impact municipal land: 

• Morley East – this option would have a significant impact on the Stoney Nakoda First Nation 

community of Morley as it would require relocation of the entire ‘town’.  A specific boundary defining 

the area considered to be Morley was not available; therefore, for the purpose of the site screening 

assessment, it was estimated that the area occupied by Morley is about 600 hectares, given the area 

within which homes, buildings and other infrastructure are present, based on satellite imagery.  This is 

a larger area than just the portion of Morley that would fall within the extents of the Morley East option 

reservoir and dam site. 

• Upgraded Ghost Dam and Relocated Ghost Dam – if the maximum reservoir level of the existing 

Ghost Reservoir were raised, a strip of land along the shoreline in front of the Summer Village of Ghost 

Lake would be impacted.  The extent of any such raise would dictate whether the impacted land is 

owned only by TransAlta6 (considered industrial land) or if it would include some of the municipal land 

within the Village.  For the purposes of the site screening assessment, a maximum reservoir level of 

El. 1193.0 m was considered, which would extend into the municipal land of the Village and impact a 

portion of the front row of properties. 

• Glenbow, Glenbow East and Expanded Bearspaw – these options all impact some land within the 

Town of Cochrane; however, residential homes along the river were considered an upstream constraint 

in setting the maximum reservoir level.  The impacted land is in the east end of Cochrane.  In addition, 

the Glenbow East and Expanded Bearspaw options both impact some land within the City of Calgary, 

with the Expanded Bearspaw option impacting a larger area of land than the Glenbow East option.  For 

these two options, this includes some of the City of Calgary’s planned Rowan Park development.  Rowan 

Park is a proposed residential development on the north side of the Bow River near the existing 

Bearspaw Dam, and is part of the approved Area Structure Plan for this area.  The requirement to 

re-align the railway will impact the land in this area, with the Expanded Bearspaw option requiring a 

longer length of railway to be re-aligned and, therefore, having a bigger impact. 

The four other options would not impact municipal land. 

5.2.4 Acreage Community 

Acreage community land was considered to be any rural land falling outside of municipal boundaries and 

the boundaries of First Nation reserve lands (i.e., within Rocky View County or Bighorn County), within which 

a group of acreage homes are clearly visible in the satellite imagery.  Any land associated with standalone 

rural homes was included as part of industrial and agricultural land (see Section 5.2.5).  Impacted homes 

and buildings are discussed in Section 5.3.1.  The following options would impact acreage community land: 

• Glenbow East – this option would impact the area of lower Springbank Heights, which would be 

inundated by the reservoir.  This area includes 14 homes (see Section 5.3.1). 

• Expanded Bearspaw – in addition to impacting lower Springbank Heights, this option would also 

impact the area of Emerald Bay, as this area would be inundated by the reservoir in this option.  This 

area includes an additional 26 homes (see Section 5.3.1). 

 
6 A strip of land along the shore of the existing Ghost Reservoir in front of the Summer Village of Ghost Lake is owned by TransAlta, 

but leased by the Summer Village of Ghost Lake. 
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The eight other options would not impact acreage community land, but some options do impact rural land, 

including impacts on standalone rural homes.  Any rural homes that were part of a group of buildings 

(e.g., a farmstead) were counted as industrial and agricultural sites, rather than homes.  All types of homes 

and buildings as well as industrial and agricultural sites are discussed in Sections 5.3.1 and 5.3.2. 

5.2.5 Industrial & Agricultural 

Industrial and agricultural land was considered to be any rural land falling outside of municipal boundaries 

and the boundaries of First Nation reserve lands (i.e., within Rocky View County or Bighorn County), with 

no groups of acreage homes clearly visible in the satellite imagery.  Any land not considered easily 

identifiable as one of the previous four categories was also included in this category.  If a significant group 

of buildings or facilities could be identified in the satellite imagery, it was counted as an industrial or 

agricultural site (see Section 5.3.2). 

All of the options impact some amount of industrial and/or agricultural land; however, the four options in 

the Morley reach of river only impact about 6 hectares of area in the industrial and agricultural category.  

For each of the Morley reach of river options, this represents a small amount of land at the upstream end 

of the reservoir that falls outside of First Nation reserve lands. 

5.3 Existing Infrastructure 

In general, only existing infrastructure was considered, not future planned infrastructure.  The one exception 

was the approved City of Calgary development of Rowan Park, located on the north side of the Bow River 

near the existing Bearspaw Dam.  Re-alignment of the railway for the Glenbow East and Expanded Bearspaw 

options would impact this development, and an estimate of the number of homes that would be impacted 

as a result of the railway re-alignment was included in the impact assessment. 

Table C-5.2 provides a summary of the homes and buildings that would be impacted by the ten options.  

The number of homes and buildings reported includes encroachment7.  Also included in Table C-5.2 is a 

summary of the industrial and agricultural sites that would be impacted.   

Table C-5.3 provides a summary of existing transportation infrastructure that would be impacted by the 

ten options, including railway and highway.  Also included in Table C-5.3 is a count of the number of 

bridges that may be impacted by the options.  Further assessment of the bridges, given the selected 

maximum reservoir levels, would need to be completed in subsequent phases of design to determine 

whether any modifications to the bridges would be required.   

Depending on the option, there would also be impacts to existing buried utilities (e.g., gas pipelines) and 

above-ground distribution lines.  Review of existing data did not identify any major buried utilities.  That 

considered, impacts to these types of existing infrastructure were not considered differentiators.  However, 

they are accounted for in the screening level cost estimates that are presented later in Section 6.0, through 

a miscellaneous line item. 

Further discussion of each type of existing infrastructure that was considered as part of the screening 

assessment follows. 

 
7 When the maximum reservoir level extends onto property, even if it does not reach the home or building on the property. 



Alberta Environment and Parks BRRO Phase 1:  Conceptual Assessment 

 Appendix C – Identification & Screening of Potential Dam Site Options 

March 2020  Appendix C – Page 18 

 R:\Water Resources\General\PROJECT\Cw\2320 Bow Basin WM\700 Deliverables\10 Reports\Main Report - FINAL\C Screening\Mar2020-Appendix C-FINAL.docx  
 

Table C-5.2:  Impacted Homes, Buildings, and Industrial & Agriculture Sites 

 

Potential Dam Site 

Indigenous 

(on First Nation 

Reserve Lands) 

Private Homes 
Industrial & 

Agricultural 

Sites 
Homes Buildings Homes 

Acreage 

Community 

Homes 

Morley West Low 3 - - - - 

Morley West High 5 - - - - 

Morley 14 1 - - - 

Morley East 106 23 - - - 
      

Upgraded Ghost Dam1 - 1 28 - - 

Relocated Ghost Dam1 - 1 29 - - 
      

Glenbow West - - - - 4 

Glenbow - - - - 2 

Glenbow East - - 25 14 5 

Expanded Bearspaw - - 100 40 6 

Notes: 

1. Impacts for these options are based on the site screening FAS Level of El. 1193 m.    

 

Table C-5.3:  Transportation Infrastructure Impacts 

 

Potential Dam Site 

Length of Railway Length of 

Highway 1A 

New Alignment2 

Bridges 
Directly Impacted1 New Alignment2 

(km) (km) (km) (No.) 

Morley West Low - - - - 

Morley West High - - - - 

Morley 0.5 1 2 - 

Morley East 1.5 3 6 1 
 

Upgraded Ghost Dam 1 2 - 1 

Relocated Ghost Dam 3.5 5 - 1 
 

Glenbow West 5 7 - - 

Glenbow 1.5 4 - 3 

Glenbow East 7 12 - 3 

Expanded Bearspaw 9 14 - 3 

Notes: 

1. The length of directly impacted railway refers to the stretches of existing railway that fall within the potential reservoir (i.e., not 

accounting for re-routing). 

2. The new alignment lengths of railway and highway refer to the estimated lengths that would need to be constructed, including 

re-routing.  Lengths may change once actual routing alignments are established. 
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5.3.1 Homes & Buildings 

Homes and buildings visible in the satellite imagery were counted in the following categories: 

• Indigenous homes – homes within First Nation reserve lands. 

• Indigenous buildings – buildings within First Nation reserve lands.  This category included a range of 

types of buildings; e.g., an administrative building, a school, a recreation centre, a rodeo centre, etc. 

• Homes – homes within municipal land, as defined in Section 5.2.3 or standalone homes within rural 

areas (i.e., outside of municipal boundaries and the boundaries of First Nation reserve lands).  For the 

Glenbow East and Expanded Bearspaw options, this includes an estimate of homes in the City of 

Calgary’s planned Rowan Park development that would be impacted by any railway re-alignment. 

• Acreage community homes – homes within acreage community land, as defined in Section 5.2.4. 

This category did not include buildings that were deemed to be industrial or agricultural sites, as they were 

addressed separately, as discussed further below.  Also, for the purpose of the site screening exercise, this 

category only included homes impacted by the maximum reservoir level and the dam site footprint.  

Subsequently, once three options were selected, the impacts were assessed more closely and in the order 

of 2 to 4 homes were added, depending on the option, as they were considered close enough to the dam 

site that they would be impacted by construction activities and also require relocation. 

The following options would impact homes & buildings, as follows: 

• Morley West Low, Morley West High and Morley – each of these options would impact some homes 

on Stoney Nakoda First Nation reserve lands, ranging from 3 for Morley West Low to 14 for Morley.  In 

addition, the Morley option would impact a First Nations rodeo centre. 

• Morley East – this option would have the same impacts as the Morley option plus it would impact the 

entire Stoney Nakoda First Nation community of Morley, for a total in the order of 106 homes and 

23 buildings (estimated based on satellite imagery). 

• Upgraded Ghost Dam and Relocated Ghost Dam – based on the screening level maximum reservoir 

level of El. 1193 m, both of these options would impact 28 homes and 1 Indigenous building.  The 

Relocated Ghost Dam option would impact 1 additional home, for a total of 29 homes. 

• Glenbow East – this option would impact 14 existing homes and an estimated 25 future homes in the 

planned Rowan Park development, for a total of 39 homes. 

• Expanded Bearspaw – this option would impact 40 existing homes and an estimated 100 future homes 

in the planned Rowan Park development, for a total of 140 homes. 

The two other options would not impact any homes or buildings (other than industrial or agricultural sites, 

as discussed in subsequent sections). 

5.3.2 Industrial & Agriculture Sites 

Industrial or agricultural sites were considered to be a significant group of buildings or facilities that could 

be identified in the satellite imagery within rural land, outside of municipal boundaries and the boundaries 

of First Nation reserve lands (i.e., within Rocky View County or Bighorn County). 
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The following options would impact industrial or agricultural sites: 

• Glenbow West – this option would impact four farmsteads. 

• Glenbow, Glenbow East and Expanded Bearspaw – all of these options would impact a storage facility 

located in the east end of Cochrane and a tree farm on the south side of the Bow River, across from 

Glenbow Ranch Provincial Park, as all options have the same maximum reservoir level, as explained 

earlier.  The Glenbow East option would impact three additional sites (two farmsteads and a quarry), for 

a total of five sites.  The Expanded Bearspaw option would impact one additional site (a farmstead on 

the east side of the Bow River), for a total of six sites.   

The six other options would not impact any industrial or agricultural sites. 

5.3.3 Railway 

Table C-5.3 provides a summary of the length of impacted railway for each option.  All impacted railway is 

owned and operated by CP.  Two lengths are provided:  the length directly impacted by the dam and 

reservoir, and the estimated length of the re-alignment required to stay clear of the maximum reservoir 

extents, while not exceeding an estimated maximum allowable grade of 1%.  The latter was used in the site 

screening process to compare options within a given reach of river.  A conceptual design alignment was 

prepared for any options requiring railway relocation once three options were selected as a result of the 

site screening process.  The details are provided in Appendix D of the Main Report. 

The following options would require railway relocation: 

• Morley8 and Morley East – estimated re-alignments of 1 km and 3 km, respectively.   

• Upgraded Ghost Dam and Relocated Ghost Dam – estimated re-alignments of 2 km and 5 km, 

respectively, based on a screening level maximum reservoir level of El. 1193 m.  For the Relocated Ghost 

Dam option, if the dam site were moved further downstream in a subsequent phase of design, 

additional railway would require relocation (and could impact Stoney Nakoda First Nation reserve lands 

to do so). 

• Glenbow West– estimated re-alignment of 7 km. 

• Glenbow, Glenbow East and Expanded Bearspaw – estimated re-alignments ranging from 4 km to 

14 km, increasing as the dam site is located further downstream, as all of these options have the same 

maximum reservoir level of El. 1118 m.  For the Glenbow East and Expanded Bearspaw options, there is 

a larger difference between the directly impacted railway and the estimated length of the railway 

re-alignment required than for other options requiring railway re-alignment because the topography 

in the vicinity of the planned Rowan Park development requires a longer distance to re-align the railway, 

while not exceeding the estimated maximum allowable grade of 1%. 

The two other options would not require any railway relocation. 

 
8 The subsequent conceptual level layout for the Morley option, one of the three selected options, avoided relocating railway. 
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5.3.4 Highways & Bridges 

Table C-5.3 provides a summary of the impacted highway for each option, and indicates how many bridges 

may be impacted by each option.  The length of highway provided in Table C-5.3 is the estimated length 

of the re-alignment.  As discussed earlier, further assessment of the bridges, given the selected maximum 

reservoir levels, would need to be completed in subsequent phases of design to determine whether any 

modifications to the bridges would be required.   

The following options would require highway relocation: 

• Morley – estimated re-alignment of 2 km of Highway 1A. 

• Morley East – estimated re-alignment of 6 km of Highway 1A. 

It should be noted that, in November 2019, a land agreement between Stoney Nakoda First Nation and the 

Province of Alberta was signed that would allow for widening Highway 1A between Cochrane and Canmore.  

The plans for widening the highway should consider the potential for a reservoir in the Morley area, in case 

it ends up being selected as the single preferred option in the future. 

The eight other options would not require any highway relocation. 

The following options may impact existing road bridges: 

• Morley East – this option would impact the Morley Road9 bridge crossing. 

• Upgraded Ghost Dam and Relocated Ghost Dam – based on a screening level maximum reservoir 

level of El. 1193 m, these options could impact the Morley Road bridge crossing.  The Highway 1A 

bridge over the Ghost River would also have to be checked, but was not currently counted in the bridge 

count as it was judged to be relatively high above the existing reservoir level. 

• Glenbow, Glenbow East and Expanded Bearspaw – all of these options have the same maximum 

reservoir level and could potentially impact the new Bow River Bridge in Cochrane (scheduled for 

completion in Fall 2020), the River Avenue Bridge in Cochrane and the Highway 22 (Cowboy Trail) bridge 

crossing in Cochrane. 

The four other options would not impact any bridges. 

  

 
9 Morley Road passes through the Stoney Nakoda First Nation community of Morley, connecting Highway 1 to Highway 1A. 
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6.0 SCREENING LEVEL COST ESTIMATES 

Table C-6.1 presents the screening level cost estimates that were prepared for all ten dam sites for the 

purposes of the site screening process only.  The cost estimates represent the total project cost for each 

option, including the costs associated with both construction and impacts.  The screening level cost 

estimates range from $379 million to $1610 million, with an average cost for the ten options of $920 million. 

Later, conceptual level cost estimates were prepared for the three options that were selected as a result of 

the site screening process discussed in this appendix report.  Further details are provided in Appendix D of 

the Main Report.   
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Table C-6.1:  Screening Level Cost Estimates 

 

NO. DESCRIPTION UNIT
UNIT COST

($)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)
QUANTITY

COST

(M$)

1.0 CONSTRUCTION WORKS

1.1 Earthworks m
3

$30 2,848,000 $85 10,869,000 $326 7,680,000 $230 13,767,000 $413 2,173,661 $65 3,651,500 $110 2,298,500 $69 2,224,000 $67 4,442,500 $133 3,158,000 $95

1.2 Concrete

Concrete Structures L.S. $250,000,000 1 $250 1 $250 1 $250 1 $250 1 $250 1 $250 1 $250 1 $250 1 $250

Concrete Low Level Outlet L.S. $20,000,000 1 $20

Rehabilitation (Spillway, Gates, etc.) L.S. $60,000,000 1 $60

1.3 Decommissioning
2

Existing Ghost Dam et al. L.S. $89,000,000 1 $89

Existing Ghost Dam et al (partial) L.S. $22,250,000 1 $22

Existing Horseshoe Dam et al. L.S. $39,000,000 1 $39

$335 $615 $480 $663 $167 $449 $319 $317 $383 $345

2.0 IMPACTS

2.1 Residential/Commercial Purchases

Land Acquisition ha $60,000 6 $0.4 6 $0.4 6 $0.4 6 $0.4 83 $5 288 $17 234 $14 400 $24 762 $46 957 $57

Homes unit $750,000 28 $21 29 $22 25 $19 100 $75

Acreage Community Homes unit $2,500,000 14 $35 40 $100

Industrial Sites unit $5,000,000 4 $20 2 $10 5 $25 6 $30

2.2 Transportation

Railway Relocation km $2,000,000 1 $2 3 $6 2 $4 5 $10 7 $14 4 $8 12 $24 14 $28

Highway Relocation km $2,000,000 2 $4 6 $12

Bridge Modifications L.S. $10,000,000 1 $10 1 $10 1 $10 3 $30 3 $30 3 $30

2.3 Indigenous

Land Acquisition ha $60,000 194 $12 533 $32 789 $47 1244 $75 37 $2 37 $2 20 $1

Homes unit $750,000 3 $2 5 $4 14 $11 106 $80

Recreational/Industrial Entities unit $2,500,000 1 $3 23 $58 1 $3 1 $3

$14 $36 $67 $240 $45 $64 $49 $72 $178 $320

3.0 OTHERS

3.1 Miscellaneous (utilities, etc.) % 10% $35 $65 $55 $90 $21 $51 $37 $39 $56 $67

3.2 Contingency % 35% $135 $251 $211 $348 $82 $197 $142 $150 $216 $256

3.3 Professional Services % 20% $104 $193 $162 $268 $63 $152 $109 $115 $167 $198

$273 $509 $428 $706 $166 $401 $288 $304 $439 $520

TOTAL (M$) $624 $1,161 $975 $1,610 $379 $913 $657 $693 $1,002 $1,186

1.  The rough cost estimates provided in this table were prepared for the purposes of the site screening exercise only.  Conceptual level cost estimates were subsequently prepared for the three selected options (see Appendix D of the Main Report).

2.  Decommissioning costs include the estimated value of the facility and value of reduced hydro energy production.

Notes:

Subtotal Item 2.0

Subtotal Item 3.0

Glenbow Glenbow East Expanded Bearspaw

Subtotal Item 1.0

Morley Reach of River
1 Ghost Reach of River

1
Glenbow Reach of River

1

Morley West Low Morley West High Morley Morley East Upgraded Dam Relocated Dam Glenbow West
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7.0 RANKING PROCESS 

7.1 Weighted Scoring System 

As shown in Table C-7.1, a weighted scoring system was developed to assess the relative benefits and 

impacts of each of the ten potential dam site options.  The purpose of the scoring system was to select one 

preferred option in each of the three reaches of river, not to compare all ten options.  The scoring system 

considered a variety of factors, including new live storage volume, dam site location, cost, social factors, 

and economic factors.  Licensing and approval requirements for the three selected options will require 

consideration in subsequent phases of the project, but were not factors in the site screening process.  As 

shown in Table C-7.1, each factor was assigned a maximum number of points based on the relative 

significance of the factor, with the total maximum score that could be achieved being 100.   

Table C-7.1:  Weighted Scoring System 

Category Factor Max. Points 

General Factors 

New live storage volume 25 

Flood attenuation ability 10 

Rough cost 10 

Rough cost per unit new live storage capacity 10 

Social Factors 

Municipal & Indigenous town impact 7 

Indigenous land impact 7 

Parks impact 7 

All homes & buildings impact 10 

Future development risk 4 

Economic Factors 

Railway relocation impact 4 

Highway relocation impact 0 

Industrial site impact 2 

Hydro power benefits 4 

Total 100 

 

Both the factors and the relative significance of each factor reflect extensive discussion within the study 

team (AEP, Wood and WaterSMART) as well as considering input from the BRWG, which was engaged via 

three meetings during the Conceptual Assessment, as discussed further in Appendix A of the Main Report.  

Some adjustments were made between the first BRWG meeting in May 2019 and the second meeting in 

August 2019.  Specifically, two new factors were added to the weighted scoring system (future development 

risk and hydro power benefits) and the relative weighting of some factors was adjusted up or down, 

depending on the factor.  However, the net result of all of these adjustments did not change which option 

ranked highest in each of the three reaches of river, providing additional confidence in the results. 

Table C-7.2 presents the scoring guideline that was developed for the site screening assessment, based on 

the approximate range in values measured or assessed for each factor for the ten options.  For each factor, 

Table C-7.2 provides a quantitative basis for assigning points, up to the maximum number of points 

assigned to that factor.  For most of the factors, the basis follows an essentially linear scoring relationship 

from 0% of the maximum points through to 100% of the maximum points.  The exception is the new live 

storage volume, which is explained further in Section 7.2.1.
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Table C-7.2:  Scoring Guideline 

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

General Factors

New live storage capacity dam3  50,000 and less                57,500                65,000                72,500                80,000              100,000              120,000              140,000              170,000              210,000  250,000 and more 

Flood attenuation location Fair1 Very Good1 Excellent1

Rough costs $M  >1,600  >1,500 to 1,600  >1,400 to 1,500  >1,300 to 1,400  >1,200 to 1,300  >1,100 to 1,200  >1,000 to 1,100  >900 to 1,000  >800 to 900  >700 to 800  700 and less 

Rough costs per new live storage 

capacity

$/m3 >14 >13 to 14 >12 to 13 >11 to 12 >10 to 11 >9 to 10 >8 to 9 >7 to 8 >6 to 7 >5 to 6 5 and less

Social Factors

Municipal & Indigenous town impact
ha >540 >480 to 540 >420 to 480 >360 to 420 >300 to 360 >240 to 300 >180 to 240 >120 to 180 >60 to 120 >0 to 60 0

Indigenous land impact ha >675 >600 to 675 >525 to 600 >450 to 525 >375 to 450 >300 to 375 >225 to 300 >150 to 225 >75 to 150 >0 to 75 0

Parks impact ha >225 >200 to 225 >175 to 200 >150 to 175 >125 to 150 >100 to 125 >75 to 100 >50 to 75 >25 to 50 >0 to 25 0

All homes & buildings impact No. >135 >120 to 135 >105 to 120 >90 to 105 >75 to 90 >60 to 75 >45 to 60 >30 to 45 >15 to 30 >0 to 15 0

Future development risk2 Very High Medium Very Low

Economic Factors

Railway relocation impact km >13.5 >12 to 13.5 >10.5 to 12 >9 to 10.5 >7.5 to 9 >6 to 7.5 >4.5 to 6 >3 to 4.5 >1.5 to 3 >0 to 1.5 0

Highway relocation impact km >4 >3 to 4 >2 to 3 >1 to 2 >0 to 1 0

Industrial & agricultural site impact No. 5 or more 4 3 2 1 0

Hydropower benefits PGF <2,400 2,400 to <2,600 2,600 to <2,800 2,800 to <3,000 3,000 to <3,200 3,200 and more

Notes:

1.  Fair: Upstream of Ghost River.  Very Good: Downstream of Ghost River, but upstream of Jumpingpound Creek.  Excellent: Downstream of Jumpingpound Creek.

2.  Estimated based on existing information on planned developments in the public domain at the time of the site screening assessment.

Percentage of Maximum Available Points

High 25% Low 75%

Factor Units
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7.2 Ranking Factors 

7.2.1 New Live Storage Volume  

The new live storage provided by a dam site was considered to be the most important factor; therefore, it 

was assigned a maximum of 25 points.  The higher the new live storage provided, the higher the points, up 

to the maximum of 25 points.  Figure C-7.1 presents the non-linear relationship that was developed to 

score the factor of new live storage, as a percentage of the maximum available points, depending on the 

new live storage provided.  The relationship is based on the following premises: 

• It was estimated that less than 50,000 dam3 of new live storage would not be sufficient to meet the 

objectives of better managing flood risk before even considering drought risk and improving water 

management flexibility, and would also be relatively expensive on a $/m3 storage basis.  

• The shape of the relationship puts higher incremental relative value on a reservoir that provides up to 

about the 1:100 flood event protection (considered to be a new live storage volume in the order of 

80,000 dam3; the actual value will be established in subsequent phases of the project), where the first 

change in slope occurs, and a lower incremental relative value for additional reservoir storage for flood 

and drought mitigation and improved water management flexibility above that value.  

• It was estimated that net present worth analysis, once completed in a future phase of the project, will 

indicate that the value of storage for flood purposes will have a diminishing return when subjected to 

future cost-benefit analysis (e.g., flood storage beyond 1:100 flood event protection will have small 

return in such a business case evaluation).  

• The maximum new live storage of 250,000 dam3 was estimated to be the approximate maximum 

reservoir storage capacity for any viable option in the Study Corridor, and was given full points.  

 

Figure C-7.1:  Value of New Live Storage 
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7.2.2 Flood Attenuation Location 

For a given size of reservoir, the extent to which a dam site can attenuate a flood event, thereby reducing 

downstream flood risk, depends on its location within the Study Corridor.  A dam site located further 

downstream (i.e., downstream of more tributaries feeding into the Bow River) can attenuate a flood event 

better than a dam further upstream, all else being equal.  Therefore, this factor was considered relatively 

important and was assigned a maximum of 10 points.  The better a dam site would be for downstream flood 

attenuation, the higher the points, up to the maximum of 10 points. 

The level of downstream flood attenuation provided by each dam site was considered to be Fair, Good or 

Excellent, depending on a dam’s location along the Study Corridor, as follows: 

• Upstream of Ghost River – Fair – assigned no points. 

• Downstream of Ghost River, but upstream of Jumpingpound Creek – Good – assigned 70% of the 

maximum available points (i.e., assigned 7 points). 

• Downstream of Jumpingpound Creek – Excellent – assigned full points. 

7.2.3 Rough Cost  

As discussed in Section 6.0, screening level (or ‘rough’) cost estimates were prepared for all ten dam sites.  

This factor was considered relatively important, and was assigned a maximum of 10 points.  The lower the 

screening level estimated cost, the higher the points, up to the maximum of 10 points. 

As presented in Table C-6.1, the rough costs of the ten options ranged from $379 million to $1610 million.  

As shown in Table C-7.2, points were assigned ranging from no points for costs greater than $1600 million 

to full points for costs of $700 million and less, following a linear scale in increments of $100 million. 

7.2.4 Rough Cost Per Unit New Live Storage Capacity 

While both the new live storage volume and the total project cost were already considered as separate 

factors, as discussed above, it was also considered important to evaluate the dam site options in terms of 

how effective the funds spent to construct a dam and reservoir would be, relative to the new live storage 

volume provided; in other words, the ratio of the total cost to the new live storage capacity provided, or the 

unit cost of the new live storage, expressed in $/m3.  This factor was also assigned a maximum of 10 points.  

The lower the unit cost, the higher the points, up to the maximum of 10 points. 

Comparing Table C-6.1 to Table C-4.1, the unit costs of the ten options ranged from $5.0/m3 to $15.6/m3.  

As shown in Table C-7.2, points were assigned ranging from no points for unit costs greater than $14/m3 

to full points for unit costs of $5/m3 and less, following a linear scale in increments of $1/m3. 

7.2.5 Municipal & Indigenous Town Impact 

Table C-5.1 presented the municipal land impacted by each option.  As discussed in Section 5.2.3, this 

includes land falling within the municipal boundaries of the City of Calgary, the Town of Cochrane or the 

Summer Village of Ghost Lake.  For the Morley East option, this factor of Municipal & Indigenous Town 

Impact also includes an estimated 600 hectares of land associated with Morley, since it is a significantly 

sized First Nations community (a group of homes and buildings at one location) within First Nation reserve 
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lands, and was considered a ‘town’ for the purposes of the site screening assessment, even though the term 

‘town’ does not strictly apply to a First Nations community.  This factor was assigned a maximum of 7 points.  

The smaller the land area impacted, the higher the points, up to the maximum of 7 points. 

As shown in Table C-5.1 the impacted area of municipal land for the ten options ranged from 0 hectares 

to 600 hectares.  As shown in Table C-7.2, points were assigned ranging from no points for an impacted 

area of municipal land greater than 540 hectares to full points for no municipal land impacted, following a 

linear scale in increments of 60 hectares. 

7.2.6 Indigenous Land Impact 

The factor Indigenous Land Impact considers the area of First Nation reserve lands impacted.  As shown in 

Table C-5.1, some options impact First Nation reserve lands, while others do not.  All First Nation reserve 

lands impacted are those of the Stoney Nakoda First Nation.  This factor was assigned a maximum of 

7 points.  The smaller the area of First Nation reserve lands impacted, the higher the points, up to the 

maximum of 7 points. 

As shown in Table C-5.1, the impacted area of First Nation reserve lands for the ten options ranged from 

0 hectares to 1244 hectares (for the Morley East option, with the second highest being 789 hectares for the 

Morley option).  As shown in Table C-7.2, points were assigned ranging from no points for an impacted 

area of First Nation reserve lands greater than 675 hectares to full points for no First Nation reserve lands 

impacted, following a linear scale in increments of 75 hectares. 

7.2.7 Parks Impact 

Table C-5.1 presented the parks land impacted by each option.  This factor was assigned a maximum of 

7 points.  The smaller the area of parks land impacted, the higher the points, up to the maximum of 7 points.  

With the exception of the Glenbow West option, which impacts some of each, the options either impact 

parks land or First Nation reserve lands, not both.  Therefore, in general, an option that scores high relative 

to parks land, will score low relative to First Nation reserve lands, and vice versa. 

As shown in Table C-5.1, the impacted area of parks land for the ten options ranged from 0 hectares to 

293 hectares.  As shown in Table C-7.2, points were assigned ranging from no points for an impacted area 

of parks land greater than 225 hectares to full points for no parks land impacted, following a linear scale in 

increments of 25 hectares. 

7.2.8 All Homes & Buildings Impact 

Table C-5.2 presented the number of homes and buildings impacted by each option.  The total number of 

homes and buildings impacted was considered relatively important, and this factor was assigned a 

maximum of 10 points.  This factor evaluated each option based on the total number of homes and 

buildings impacted, irrespective of the type or size of the homes and buildings.  However, the screening 

level cost estimates presented in Table C-6.1 did assume higher costs for larger acreage community homes 

than for other homes.  The fewer homes and buildings impacted, the higher the points, up to the maximum 

of 10 points. 
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As shown in Table C-5.2, the total number of homes and buildings impacted by the options ranged from 

0 to 140.  As shown in Table C-7.2, points were assigned ranging from no points for more than 135 homes 

and buildings impacted to full points for no homes and buildings impacted, following a linear scale in 

increments of 15 homes and buildings. 

7.2.9 Future Development Risk 

Any new reservoir project on the Bow River will take more than a decade to design and construct.  During 

this time, new developments may continue to be planned, designed and constructed along the Bow River, 

and there is a risk that the impacts, and associated costs, of such a project will increase over time.  Therefore, 

the BRWG recommended that a factor be included to address this risk.  This factor was assigned a maximum 

of 4 points.  The lower the risk of future development, the higher the points, up to the maximum of 4 points. 

The risk of future development within the area that would be flooded by the maximum reservoir level for 

each option was determined using judgement, combined with information available in the public domain 

regarding potential future developments, including various area structure plans (e.g., planned 

developments near Cochrane).  Five categories were used, as follows: 

• Very Low – Upgraded Ghost Dam 

• Low – Morley West (Low and High), Morley and Relocated Ghost Dam 

• Medium – Glenbow West and Glenbow 

• High – Glenbow East 

• Very High – Expanded Bearspaw 

As shown in Table C-7.2, points were assigned ranging from no points for Very High future development 

risk to full points for Very Low future development risk, with the other levels scoring in between. 

7.2.10 Railway Relocation Impact 

Table C-5.3 presented the length of railway directly impacted by each option, as well as the estimated 

length of the re-alignment required.  Railway relocation could be a significant issue, where required, and 

this factor was assigned a maximum of 4 points.  The smaller the length of the railway re-alignment, the 

higher the points, up to the maximum of 4 points. 

As shown in Table C-5.3, the railway re-alignment length for the options ranged from none to 14 km.  As 

shown in Table C-7.2, points were assigned ranging from no points for more than 13.5 km of re-aligned 

length to full points for no railway requiring re-location, following a linear scale in increments of 1.5 km. 

7.2.11 Highway Relocation Impact 

Initially, the kilometres of highway requiring relocation was included as a factor.  However, as shown in 

Table C-7.1, in the final weighted scoring system, this factor was not assigned any points.  While relocating 

a segment of highway would contribute to the total cost of a project, it was not considered to be a significant 

differentiator, particularly as highway relocation only applies to two of the options (Morley and Morley East), 

which would both require relocation of a portion of Highway 1A, as shown in Table C-5.3.   
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Potentially impacted bridges were not included in the scoring system as they may or may not end up 

requiring modifications, and their impact on the scoring system would be negligible. 

7.2.12 Industrial & Agricultural Site Impact 

Table C-5.2 presented the number of industrial & agricultural sites impacted by each option.  While 

impacting an industrial or agricultural site would contribute to the total cost of a project, it was not 

considered to be a significant differentiator.  Therefore, this factor was included, but only assigned a 

maximum of 2 points.  The fewer the industrial and agricultural sites impacted, the higher the points, up to 

the maximum of 2 points. 

As shown in Table C-5.2, the number of industrial and agricultural sites impacted by the options ranged 

from 0 to 6.  As shown in Table C-7.2, points were assigned ranging from no points for 5 or more sites 

impacted to full points for no sites impacted, following a linear scale in increments of 1 site. 

7.2.13 Hydro Power Benefits:  

The primary purpose of all of the options is better managing flood and drought risk and improving water 

management flexibility.  However, all options would also include hydroelectric power generation as a 

component of the project.  The BRWG recommended that a factor be included to recognize that some 

options may offer more hydro power benefits than others.  This factor was assigned a maximum of 4 points.  

The higher the hydro power generation potential, the higher the points, up to the maximum of 4 points. 

For each option, a Power Generation Factor (PGF) was estimated based on a multiple of flow (determined 

from flow duration curves) and head (median reservoir level minus downstream river/reservoir level) that 

would be provided.  The estimated PGF values for the options ranged from 2100 (Morley West Low) to 

3240 (Morley East), with the second highest being a PGF of 3150 (Relocated Ghost Dam).  As shown in 

Table C-7.2, points were assigned ranging from no points for a PGF less than 2400 to full points for a 

PGF of 3200 and more, following a linear scale in PGF increments of 200.  An additional point was given if 

there was also the potential for peaking power; this applies to the Glenbow East option only, given that 

Bearspaw Dam would remain in place, continuing to impound Bearspaw Reservoir between the two dams. 

7.3 Results 

The results of the site screening process for each reach of river are presented in the following sub-sections.  

Although, based on the data in-hand, the results are considered valid for comparison of options within a 

given reach of river (i.e., Morley reach, Ghost reach or Glenbow reach), the same cannot be said for 

comparing the ten options to each other, nor the three selected options to each other.  Comparison of the 

selected options to each other would occur as part of the next phase of the project, the Feasibility Study. 

7.3.1 Morley Reach of River 

Table C-7.3 presents the site screening results for the Morley reach of the Bow River.  The Morley West Low 

option would provide less than 60,000 dam3 of new live storage.  The Morley East option would have a 

significant direct impact on the First Nations community of Morley (a ‘town’ with an estimated area of 

600 hectares and an estimated 129 homes and buildings).  These were the primary reasons why these two 

options ranked lowest in the Morley reach of river, leaving two options, Morley West High and Morley.   
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While feedback from the Stoney Nakoda First Nation is still required, the Morley option was currently 

selected over the Morley West High option for the following reasons: 

• Morley scored higher than Morley West High (a score of 70 versus 62). 

• Morley provides much more usable storage volume. 

• Morley has a lower estimated total project cost. 

• Morley has a lower estimated project unit cost. 

• Based on existing geological maps, bedrock foundations may be more favourable at the Morley option 

dam site than at Morley West High option dam site; however, actual soil and bedrock conditions at any 

dam site will have to be proven out through geotechnical site investigations. 

The Morley option considers a new dam that will retain a maximum reservoir level of El. 1238.0 m, resulting 

in a reservoir extending from the Morley option dam site to the existing Horseshoe Dam, a distance of 

approximately 17 km.  As currently envisioned, the maximum dam height would be approximately 49 m 

containing a total reservoir volume of 195,000 dam3 and having a reservoir water surface area of 

950 hectares at its maximum reservoir level of El. 1238.0 m.   

A portion of the existing Bow Valley Trail (Highway 1A) would need to be relocated north, away from the 

Morley option dam site and associated maximum reservoir level shoreline.  The screening level layout would 

also require a portion of railway to be relocated to the south of the dam site.  The subsequent conceptual 

design layout, as presented in Appendix D of the Main Report, avoided the need to relocate railway for the 

Morley option.  The Morley option dam and reservoir would be located almost entirely on Stoney Nakoda 

First Nation reserve lands except for a small area at the upstream end of the reservoir.  The Morley option 

layout is illustrated in Map C1-201 and Map C1-302 in Attachment C1.  The Morley option is located just 

upstream of the Stoney Nakoda First Nation community of Morley.  The Stoney Nakoda First Nation would 

need to continue to be engaged and agree to any further investigation of the Morley option. 
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Table C-7.3:  Site Screening Results – Morley Reach of River 

 

 
  

Factor Units
Morley 

West Low

Morley 

West High
Morley Morley East

New live storage capacity below FAS level dam3 40,000 120,000 195,000 290,000

Flood attenuation location -- Fair Fair Fair Fair

Rough cost M$ $624 $1,161 $975 $1,610

Rough cost per new live storage capacity $/m3 $15.6 $9.7 $5.0 $5.6

Municipal & Indigenous town impact ha. 0 0 0 600

Indigenous land impact ha. 194 533 789 1244

Parks impact ha. 0 0 0 0

All homes & buildings impact No. 3 5 15 129

Future development risk -- Low Low Low Very High

Railway relocation impact km 0 0 1 3

Highway relocation impact km 0 0 2 6

Industrial & agricultural site impact No. 0 0 0 0

Hydropower benefits PGF           2,100           3,240           2,880           3,240 

Factor Max. Points

New live storage capacity below FAS level 25 0 15 22 25

Flood attenuation location 10 0 0 0 0

Rough cost 10 10 5 7 0

Rough cost per new live storage capacity 10 0 5 10 9

Municipal & Indigenous town impact 7 7 7 4 0

Indigenous land impact 7 5 1 0 0

Parks impact 7 7 7 7 7

All homes & buildings impact 10 9 9 9 1

Future development risk 4 3 3 3 0

Railway relocation impact 4 4 4 4 3

Highway relocation impact 0 0 0 0 0

Industrial & agricultural site impact 2 2 2 2 2

Hydropower benefits 4 0 4 2 4

47 62 70 51Total Score (Max. 100):

Score
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7.3.2 Ghost Reach of River 

Table C-7.4 presents the site screening results for the Ghost reach of the Bow River.  While it is possible 

that the timeframe for obtaining regulatory approvals may be shorter for upgrading an existing dam than 

constructing a new dam, the Relocated Ghost Dam option was selected over Upgraded Ghost Dam option 

for the following reasons: 

• Relocated Ghost Dam scored higher than Upgraded Ghost Dam (a score of 75 versus 71). 

• The Ghost Dam was built in 1929; therefore, constructing a new dam is preferred over modifying an 

existing dam, considering its age and inherent risks associated with modifying such works. 

• Modifying the existing dam could provide up to about 67,000 dam3 of new useable storage, before 

having significant impacts to the Stoney Nakoda First Nation community of Morley and the Summer 

Village of Ghost Lake.  If the existing water license could not be modified to allow the maximum 

reservoir level to be increased above its current licensed level, only about 48,000 dam3 of new useable 

storage could be provided by adding a low level outlet to the existing dam.  The Relocated Ghost Dam 

option could provide more new useable storage than the Upgraded Ghost Dam option.  However, it 

could, at times, result in a lower reservoir than for the Upgraded Ghost Reservoir option. 

• If, at the end of the Feasibility Study, the Relocated Ghost Dam option is not selected as the preferred 

option, then it would still be possible to consider adding a low level outlet to the existing Ghost Dam 

at a later date, to supplement another option located elsewhere on the Bow River and further increase 

the total usable live storage on the river. 

The Relocated Ghost Dam option considers a new dam located approximately 3 km downstream of the 

existing Ghost Dam in an area of preferential topographic conditions. The Relocated Ghost Dam option 

would require removal of the existing Ghost Dam.  The Relocated Ghost Dam option layout is illustrated in 

Maps C1-202, C1-203 and C1-304 in Attachment C1.  

The Relocated Ghost Dam option was selected to contain a maximum reservoir level of El. 1193.0 m, 

resulting in a reservoir extending from the new dam site to the community of Morley a distance of 

approximately 15 km.  As discussed earlier, the maximum reservoir level was subsequently re-set to a 

Base Case of El. 1191.77, the existing licensed level for Ghost Reservoir.  Further discussion is provided in 

Section 7.4.  The screening level dam crest elevation of El. 1195.5 m for the Relocated Ghost Dam option 

is slightly higher than the existing Ghost Dam crest elevation of El. 1194.82 m.  As currently envisioned, the 

resulting maximum dam height would be approximately 47 m containing a total reservoir storage volume 

of 194,600 dam3 and having a reservoir water surface area of 1471 hectares at the maximum reservoir level 

of El. 1193.0 m.  This compares to the existing Ghost Dam height of about 40 m containing a total storage 

volume of 134,900 dam3 and having a reservoir water surface area of 1150 hectares at the licensed 

maximum reservoir level of El. 1191.77 m. 
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Table C-7.4:  Site Screening Results – Ghost Reach of River 

 

 

  

Factor Units
Upgraded 

Ghost Dam

Relocated 

Ghost Dam

New live storage capacity below FAS level dam3 67,400 126,600

Flood attenuation location -- Very Good Very Good

Rough cost M$ $379 $913

Rough cost per new live storage capacity $/m3 $5.6 $7.2

Municipal & Indigenous town impact ha. 6 6

Indigenous land impact ha. 37 37

Parks impact ha. <1 <1

All homes & buildings impact No. 29 30

Future development risk -- Very Low Low

Railway relocation impact km 2 5

Highway relocation impact km 0 0

Industrial & agricultural site impact No. 0 0

Hydropower benefits PGF           2,800           3,150 

Factor Max. Points

New live storage capacity below FAS level 25 6 16

Flood attenuation location 10 7 7

Rough cost 10 10 7

Rough cost per new live storage capacity 10 9 7

Municipal & Indigenous town impact 7 6 6

Indigenous land impact 7 6 6

Parks impact 7 7 7

All homes & buildings impact 10 8 8

Future development risk 4 4 3

Railway relocation impact 4 3 2

Highway relocation impact 0 0 0

Industrial & agricultural site impact 2 2 2

Hydropower benefits 4 2 3

71 75Total Score (Max. 100):

Score
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7.3.3 Glenbow Reach of River 

Table C-7.5 presents the site screening results for the Glenbow reach of the Bow River.  Two sites 

(Glenbow West and Glenbow) would provide less than 60,000 dam3 of new live storage.  This was the 

primary reason why these two options ranked lowest in the Glenbow reach of river, leaving two options, 

Glenbow East and Expanded Bearspaw. 

While the Expanded Bearspaw option provides more useable storage, the Glenbow East option was selected 

over the Expanded Bearspaw option for the following reasons: 

• Glenbow East scored higher than Expanded Bearspaw (a score of 62 versus 58). 

• Fewer homes would be impacted, including existing acreage community homes in Rocky View County 

(14 versus 40) as well as future homes planned for the Rowan Park development in Calgary (estimated 

as 25 versus 100). 

• Relocating the existing railway, located along the eastern shoreline of the existing Bearspaw Reservoir, 

to accommodate the new dam and higher reservoir level, would be less challenging. 

• Operated in combination with the existing Bearspaw Dam, the Glenbow East option has potential for 

peaking power production, while the Expanded Bearspaw may require that Bearspaw Dam be 

decommissioned. 

The Glenbow East option considers a dam located approximately 3 km west of the Calgary city limits.  

A portion of the Glenbow East option dam would be located within the existing Bearspaw Reservoir.  As 

currently envisioned, the existing Bearspaw Dam would remain in place as-is, backing its reservoir onto the 

downstream slope of the new Glenbow East option dam.  This site requires the relocation of the CP rail line 

to the east and north beyond the dam site and associated maximum reservoir level shoreline. The 

Glenbow East option dam site location and reservoir maximum area are illustrated in Maps C1-204, C1-205, 

and C1-307 in Attachment C1.  

The Glenbow East option was selected to contain a maximum reservoir level of El. 1118.0 m, resulting in a 

reservoir extending from the dam to the community of Cochrane, a distance of approximately 19 km.  

A reservoir level of El. 1118.0 m was estimated to be the maximum reservoir level prior to it increasing flood 

risk to extensive existing residential housing and other developments located along the river in Cochrane.  

As currently envisioned, the resulting maximum dam height would be approximately 37 m containing a 

total reservoir volume of 133,000 dam3 and having a reservoir water surface area of 1050 hectares at the 

maximum reservoir level of El. 1118.0 m.   
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Table C-7.5:  Site Screening Results – Glenbow Reach of River 

 

 
  

Factor Units
Glenbow 

West
Glenbow

Glenbow 

East

Expanded 

Bearspaw

New live storage capacity below FAS level dam3 53,000 56,000 128,000 180,000

Flood attenuation location -- Very Good Excellent Excellent Excellent

Rough cost M$ $657 $693 $1,002 $1,186

Rough cost per new live storage capacity $/m3 $12.4 $12.4 $7.8 $6.6

Municipal & Indigenous town impact ha. 0 75 144 236

Indigenous land impact ha. 20 0 0 0

Parks impact ha. 10 222 293 293

All homes & buildings impact No. 0 0 39 140

Future development risk -- Medium Medium High Very High

Railway relocation impact km 7 4 12 14

Highway relocation impact km 0 0 0 0

Industrial & agricultural site impact No. 4 2 5 6

Hydropower benefits PGF           2,380           2,240           2,520           3,080 

Factor Max. Points

New live storage capacity below FAS level 25 1 2 16 21

Flood attenuation location 10 7 10 10 10

Rough cost 10 10 10 6 5

Rough cost per new live storage capacity 10 2 2 7 8

Municipal & Indigenous town impact 7 7 6 5 4

Indigenous land impact 7 6 7 7 7

Parks impact 7 6 1 0 0

All homes & buildings impact 10 10 10 7 0

Future development risk 4 2 2 1 0

Railway relocation impact 4 2 3 1 0

Highway relocation impact 0 0 0 0 0

Industrial & agricultural site impact 2 0 1 0 0

Hydropower benefits 4 0 0 2 3

54 53 62 58Total Score (Max. 100):

Score



Alberta Environment and Parks BRRO Phase 1:  Conceptual Assessment 

 Appendix C – Identification & Screening of Potential Dam Site Options 

March 2020  Appendix C –  Page 37 

 R:\Water Resources\General\PROJECT\Cw\2320 Bow Basin WM\700 Deliverables\10 Reports\Main Report - FINAL\C Screening\Mar2020-Appendix C-FINAL.docx  
 

7.4 Sensitivity Analysis 

Several sensitivity analyses were conducted on the weighted scoring system to determine the impact of 

adjusting the point distribution across the various factors, considering input from the BRWG, and also 

considering estimates of potential variations from assigned values; for example, the estimate of the number 

of homes that would be impacted by the planned Rowan Park development.  The three selected options 

(i.e., Morley, Relocated Ghost Dam and Glenmore East) always scored highest in their respective reaches of 

river, considering variations within the bounds of what the study team (AEP, Wood and WaterSMART) 

considered to be reasonable.  

For the Ghost reach of river, the subsequent conceptual design of the selected Relocated Ghost Dam option 

resulted in two changes to assumed reservoir levels, for reasons discussed in Appendix D of the Main Report.  

The selected FAS Level (and associated volume) was decreased from the screening level of El. 1193 m to the 

current Base Case licensed water level of El. 1191.77 m, and the DSL (and associated volume) was increased 

to be similar to that for the Upgraded Ghost Dam option.  The result was a decrease in the live storage that 

could be provided by the Relocated Ghost Dam option.  If the FAS Level for the Upgraded Ghost Dam 

option were also decreased to the existing licensed water level of El. 1191.77 m, the new live storage volume 

that it could provide would also decrease.  In addition to a decrease in the new live storage for both options, 

these changes would result in significantly fewer impacts for both options.  However, the new live storage 

provided would still be greater for the Relocated Ghost Dam option, and the revised Relocated Ghost Dam 

option would still rank higher than the revised Upgraded Ghost Dam option.   
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