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1.0 INTRODUCTION 

The Bow River Working Group (BRWG) was formed in 2010 to develop the Bow River Operating Model 

(BROM) that has been used for several watershed projects in the Bow River watershed over the last decade.  

The membership has varied by project, but generally included the watershed managers along the Bow River 

and the municipalities, industries, watershed organizations and stakeholders that are directly impacted by 

the Bow River and the project objectives.  The BRWG was also involved in the previous project that delivered 

the report (BRWG, 2017) 1 which generated the recommendation to move forward with the current Bow 

River Reservoir Options (BRRO) project.  The BRWG was engaged during Phase 1 of the BRRO project, the 

Conceptual Assessment, with the goal of soliciting input and feedback.  The Conceptual Assessment 

included a project team that was led by Wood Environment & Infrastructure Solutions, a Division of Wood 

Canada Limited (Wood) and supported by WaterSMART Solutions Ltd.  (WaterSMART).  Wood was the 

project lead and engineering, environment and engagement consultant, and WaterSMART facilitated the 

engagement of the BRWG, which included operations modelling for the three selected reservoir options. 

As noted above, the BRWG has come together in various forms over the last decade to support sustainable 

water management in the Bow River basin (the basin).  Continued involvement of the BRWG during the 

Conceptual Assessment allowed the history and knowledge of the group to be leveraged to support the 

Conceptual Assessment.  Furthermore, the involvement of the BRWG during the Conceptual Assessment 

was consistent with the BRWG’s (2017) Recommendation #11:  “Commit to a continual collaborative process 

with stakeholders and policy makers for advancing and implementing these schemes as part of the water 

management strategy in the Bow River Basin.” 

For the Conceptual Assessment, the BRWG worked under a Terms of Reference (ToR) that outlined the 

BRWG participants, which included individuals from government, environmental non-governmental 

organizations, municipalities, First Nations, watershed planning and advisory councils, watershed 

stewardship groups, industry, and irrigation districts.  Table A-1.1 presents a list of the BRWG members 

involved in the Conceptual Assessment.  The objective of the Conceptual Assessment was to develop 

a deeper understanding and provide conceptual level designs of a water management option in each of 

three reaches of the Bow River study area:  the Morley reach, the Ghost reach, and the Glenbow reach.  

Initially, ten options were identified, and through a screening and ranking process, they were narrowed 

down to three options that were carried forward in the Conceptual Assessment, one in each reach.  The three 

options were Morley, Relocated Ghost Dam, and Glenbow East.   

The BRWG met three times during the Conceptual Assessment to provide feedback on the proposed 

options and to ask questions to refine the material that was developed for the Conceptual Assessment.  In 

addition, a Modelling Sub-Group was set up as part of the BRWG engagement.  BRWG participants agreed 

that it would be useful to establish a sub-group to undertake modelling of the three options using the 

BROM in support of the Conceptual Assessment.  A summary of the three BRWG meetings is provided in 

Section 2.0 to Section 4.0.  Between BRWG meetings, the Modelling Sub-Group simulated the use of the 

options and assessed their potential flood mitigation effectiveness using the BROM.  Section 5.0 provides 

the results of the conceptual level BROM modelling.  

 
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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Table A-1.1: BRWG Members 

Type of Stakeholder Organization 

Provincial Government Alberta Agriculture and Forestry: 

• Basin Water Management Section 

Alberta Environment and Parks: 

• Water Infrastructure and Operations 

• Fish and Wildlife Stewardship 

• Parks Operation and Ecology 

• Regional Flood Recovery 

• Resilience Grants 

• Resilience Projects 

• Resource Management 

• River Engineering and Technical Services 

Federal Government Fisheries and Oceans Canada 

Local Government City of Calgary 

City of Medicine Hat 

County of Newell 

Cypress County 

Foothills County 

Forty Mile County 

Kananaskis Improvement District1 

Municipal District of Bighorn 

Municipal District of Taber 

Rocky View County 

Summer Village of Ghost Lake2 

Town of Canmore 

Town of Cochrane 

Vulcan County 

Wheatland County 

First Nations Stoney Nakoda First Nation  

Siksika Nation 

Irrigation District Bow River Irrigation District 

Eastern Irrigation District 

Western Irrigation District 

Industry TransAlta 

Spray Lakes Sawmills 

WPAC Bow River Basin Council 

Ghost River Watershed Alliance 

Jumpingpound Creek Watershed Partnership 

South East Alberta Watershed Alliance 

Calgary River Forum 

ENGO Ducks Unlimited Canada 

Trout Unlimited Canada 

NGO Calgary Metropolitan Region Board 

Notes:   

1. The Kananaskis Improvement District is in the BRWG Terms of Reference as a member organization.  However, when the previous 

representative declined participation for the Conceptual Assessment, the District did not appoint a new representative. 

2. The Summer Village of Ghost Lake was not a member of the BRWG at the onset of the Conceptual Assessment, but was invited 

to join the BRWG after the first Conceptual Assessment BRWG meeting in May 2019.  
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2.0 BRWG MEETING #1 

2.1 Summary 

In the first BRWG meeting, held on May 15, 2019, the Conceptual Assessment was introduced.  A draft ToR 

was reviewed with the BRWG participants.  The ToR provided guidance regarding how the BRWG would 

operate and interact with the broader Conceptual Assessment.  Wood provided an overview of the process 

used to identify the ten potential sites and the initial site screening assessment carried out by the study 

team to identify the three options, one in each reach of river, to go forward for the Conceptual Assessment.  

TransAlta presented preliminary findings of its separate, and on-going, Ghost Reservoir drawdown rate 

study that was initiated following the implementation of the 2016 Bow River TransAlta Agreement 

(2016 Agreement) between the Government of Alberta (GoA) and TransAlta2.  A Modelling Sub-Group was 

set up to provide advice to the study team that would be completing modelling between BRWG meetings.  

2.2 Feedback 

Much of the discussion and feedback from the BRWG during the first meeting occurred following Wood’s 

presentations on the site identification and screening processes.  Additional feedback and questions from 

the BRWG participants were gathered by WaterSMART following the meeting, and considered by the study 

team.  Feedback provided by BRWG participants was primarily suggestions for consideration in the ranking 

process of the ten options and is summarized below.  

2.2.1 Impacts to Existing Conditions 

The BRWG was interested in how the options would impact existing conditions in the Bow River basin, 

including water for communities, existing operational agreements between the GoA and TransAlta, impacts 

on the current ice regime, and changes for existing dam infrastructure or operations.   These items were 

considered to the extent allowed by the scope of the Conceptual Assessment. 

2.2.2 Site Screening Process 

The BRWG provided feedback on the factors and weighted scoring system for the site screening process 

used to select the three options for the Conceptual Assessment.  Considering this feedback, the factors and 

the weighted scoring system were subsequently reviewed and adjusted by the study team.  The final site 

screening process was presented to the BRWG at Meeting #2, as discussed in Section 3.0.  Further details 

on the final site screening process, including a description of all factors and the weighted scoring system, 

are provided in Appendix C of the Conceptual Assessment Main Report (Main Report) to which this report 

is an appendix.   

Some key points raised by the BRWG during and after Meeting #1 included the following: 

• New live storage was considered to be the most important factor, leading to a suggestion that the 

maximum available points for the factor of new live storage be increased.  Additional live storage is 

more forgiving of human error during critical operations (i.e., more new live storage capacity would 

provide a larger safety net if operational decisions are not perfect).  Also, in reality, reservoir storage 

will not be filled perfectly, as simulated in the BROM.  Furthermore, participants stressed the value of 

 
2 This agreement provides for drawing Ghost Reservoir down to El. 1185.0 m in the spring prior to the primary flood season.   



Alberta Environment and Parks BRRO Phase 1:  Conceptual Assessment 

 Appendix A – Bow River Working Group Engagement 

March 2020  Appendix A –  Page 4 

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

having a multi-purpose dam (i.e., providing both flood mitigation and water management flexibility), 

which requires a significant new live storage volume.  It was also noted that the report should clarify 

that the factor of new live storage includes water for both flood and drought mitigation. 

• The BRWG agreed that downstream sites offer more flood mitigation potential than upstream sites 

because downstream sites can capture contributing peak flows from tributaries.  The study team 

commented that a site downstream of Ghost River, but upstream of Jumpingpound Creek would still 

provide good mitigation, as it captures flows from the Ghost River. 

• The factor Indigenous land impact, which considered the area of First Nation reserve lands impacted, 

was considered to be a major determining factor, particularly for any option in the Morley reach, as the 

Stoney Nakoda First Nation may or may not support such an option.  

• The BRWG commented on the importance of assessing potential impacts to the environment, parks, 

historical sites, and archaeological sites.  

• The BRWG recommended that a factor be included to address future development risk, given that any 

new reservoir project on the Bow River will take a long time to design and construct, and new 

developments along the Bow River may continue to be planned, designed and constructed.  This would 

result in a risk that the impacts, and associated costs, of an option could increase over time. 

• The BRWG recommended that a factor be included to recognize that some options may offer more 

hydro power benefits than others. 

• Potential regulatory complexity associated with each option was noted as an additional consideration, 

particularly given that timelines for regulatory review are uncertain. 

• It was suggested that a sensitivity analysis of the weighted scoring system be completed to lend 

additional support to the selected options.   

2.2.3 Other Feedback 

It was suggested that, since the Summer Village of Ghost Lake is a municipality along the Bow River, the 

Village should be a part of the BRWG membership.  Based on this feedback, AEP invited the Summer Village 

of Ghost Lake to become a member of the BRWG.  The invitation was accepted, and a representative 

participated in BRWG Meetings #2 and #3. 

The BRWG also raised additional topics that were out of the scope of the Conceptual Assessment, including: 

• Cost-benefit of building a dam versus buy-outs; 

• Dam operations as mitigation/offsetting options that support fisheries objectives; and 

• Hazard maps. 
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3.0 BRWG MEETING #2 

3.1 Summary 

The second meeting, held on August 21, 2019, started with a reminder of the Conceptual Assessment 

objectives and finalization of the BRWG ToR.  Wood provided an overview of work completed between the 

first and second BRWG meetings, including the revised ranking system that had been updated based on 

feedback from the BRWG, Calgary community groups, (i.e., Bowness Responsible Flood Mitigation Society, 

Hillhurst-Sunnyside Community Association, and Calgary River Communities Action Group) and the 

Glenbow Ranch Park Foundation board members.  The original and revised ranking scores for each option 

were presented.  The revisions made to the site screening process between the first and second meetings 

did not result in changes to the highest ranked option in each reach of river.  The study team selected the 

three options that ranked highest in their respective reaches of river:  Morley, Relocated Ghost Dam, and 

Glenbow East.   Further details are provided in Appendix C of the Main Report. 

WaterSMART updated the group on modelling work that had been completed for the three selected options 

using the BROM.  Wood presented draft conceptual designs and dam locations for the three options.  The 

interactive tool developed for the Conceptual Assessment engagement process was presented, including 

drone videos of existing conditions and computer-generated videos of potential operating conditions for 

the Relocated Ghost Dam and Glenbow East options.  The Morley option is located almost entirely on 

Stoney Nakoda First Nation reserve lands.  Out of respect for Stoney Nakoda First Nation, drone video of 

existing conditions for the Morley option was not collected and computer visualizations of the Morley 

option were not included in the interactive tool, as the GoA was in discussions with the Nation, which would 

be directly impacted by the Morley option.  Some of the poster boards for the upcoming public information 

sessions were also presented.  There was opportunity for questions and discussion after each of the 

presentations, and the feedback is summarized below.  The meeting concluded with a review of upcoming 

engagement activities, including the public information sessions.  

3.2 Feedback 

Observations and feedback from the second BRWG meeting are summarized below. 

3.2.1 Cost and Land Value 

The BRWG asked for clarity regarding some of the line items in the cost estimates for the various options.  

Specifically, the group was interested in understanding whether decommissioning costs were included for 

options which required decommissioning an existing dam, and the study team confirmed that such costs 

were included.  Also, there was a suggestion to use recent land values associated with the Calgary Ring 

Road project, which included negotiations with First Nations.  After review by the study team, this 

suggestion was not incorporated as it was determined that there were more appropriate land values to use 

to support the conceptual cost estimate for the three selected options.  The conceptual cost estimates are 

described in Appendix D of the Main Report.  
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3.2.2 Impacts to Surrounding Communities and Infrastructure 

It was noted that impacts to Haskayne Park would likely be of great interest to the Haskayne family, who 

donated the lands, and it was suggested that the family be included in the engagement process.  

AEP subsequently met with the Haskayne family.   

The BRWG asked several questions about how changes to the Ghost Reservoir level could potentially impact 

the Summer Village of Ghost Lake.  The Summer Village representative indicated that a water level above 

El. 1192.38 m would significantly impact the Summer Village.  This is 0.61 m (2 ft.) above the current licensed 

level of El. 1191.77 m.  As a result of these concerns, and the fact that raising the maximum reservoir level 

would impact Stoney Nakoda First Nation reserve lands, the study team subsequently selected the current 

licenced level as the Base Case for the conceptual design of the Relocated Ghost Dam option. 

3.2.3 Communication 

The following feedback was received from the BRWG related to communication:   

• Negotiation with Canadian Pacific (CP) has been a challenge in the past; therefore, early engagement 

was recommended for options involving relocation of CP rail line.  CP was one of the stakeholders 

notified during the engagement process, as discussed in Appendix F of the Main Report. 

• Participants expressed the importance of staying specific to the objective of the project, which is flood 

mitigation and water management flexibility.  It was also suggested that the public be advised that this 

is a multi-faceted project that includes water supply and drought mitigation in addition to flood 

protection.  These messages were conveyed in the engagement materials, during meetings and at the 

public information sessions. 

• It was noted that there are no “minimum flows” for fish and it was suggested that the term 

“environmental flows” is more appropriate. 

BRWG participants were interested in understanding what materials would be shared with the public, and 

when that information was going to be released.  BRWG participants provided some suggestions for the 

engagement materials for the public information sessions to add more context and to further clarify the 

overall project timeline.  The engagement materials were updated after the meeting, considering the 

suggestions provided by the BRWG.  It was noted that engagement fatigue among those also impacted by 

the Calgary Ring Road could be a challenge, leading to a suggestion to coordinate the Conceptual 

Assessment engagement activities with other engagement activities.  At the time of this suggestion, the 

dates for the BRRO Conceptual Assessment public information sessions had already been set and venues 

booked; therefore, no coordination took place.   

3.2.4 Future Reservoir Operations 

The BRWG was interested in understanding the operational assumptions made by the study team when 

modelling the reservoir levels and the target flow rate in Calgary.  Shoreline erosion and ice impacts were 

noted as potential issues for future consideration.  

  



Alberta Environment and Parks BRRO Phase 1:  Conceptual Assessment 

 Appendix A – Bow River Working Group Engagement 

March 2020  Appendix A –  Page 7 

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

4.0 BRWG MEETING #3  

4.1 Summary 

The third meeting, held on November 21, 2019, began with an overview of the three selected options, 

followed by a summary of the engagement feedback received to date, including feedback from the public 

information sessions.  Updates were also provided on the three options and their potential impacts and 

implications, as well as modelling done using the BROM to support the Conceptual Assessment.  The merits 

and impacts of an alternative concept brought forward to AEP by a member of the Bowness Responsible 

Flood Mitigation Society (BRFM)  were considered by the BRWG and feedback noted.  Finally, a proposed 

outline for the Conceptual Assessment report was presented, and some BRWG members volunteered to 

review a draft version of the report.  Review comments provided by those BRWG members were considered 

by the study team in finalizing the report.  

4.2 Feedback 

Questions, discussion, and feedback occurred after each presentation; these are summarized below. 

4.2.1 Engagement Activities 

The BRWG was interested in the kind of information provided at the public information sessions and other 

engagement activities.  In particular, the BRWG asked if information was provided on numbers such as 

potential storage volumes for each option and what the storage volumes would mean in terms of flood 

protection to Calgary.  Reservoir levels, storage volumes, and other numbers were not provided to the public 

because the analysis was still underway.  The modelling performed as part of this work was done, in part, 

to assess how much storage would be needed to protect downstream users such as the City of Calgary. 

4.2.2 Benchlands Dam Concept 

As part of project engagement, an alternative concept was brought forward to AEP by a member of the 

BRFM, referred to as the Benchlands Dam concept.  The purpose of the discussion with the BRWG on the 

Benchlands Dam concept was to gain feedback on whether the concept could be a viable project and how 

the concept should be addressed moving forward.  The resulting feedback is provided in Attachment A1. 
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5.0 OPTION PERFORMANCE MODELLING 

5.1 BRWG Modelling Sub-Group 

The BRWG Modelling Sub-Group was a subset of BRWG members which was established following BRWG 

Meeting #1 with a mandate to provide advice on modelling the three options identified as part of the 

Conceptual Assessment and review the results.  The Modelling Sub-Group’s objectives were to: 

• Evaluate the potential flood mitigation effectiveness of each option; 

• Provide insight on the water management flexibility of each option; and 

• Provide guidance on flow rates and associated reservoir levels to inform the selection of conceptual 

design parameters for the dam structures. 

Model scenarios were developed and refined by the Modelling Sub-Group through four conference calls 

that took place during the Conceptual Assessment.  Modelling results were presented to and discussed with 

the BRWG as a whole at BRWG Meetings #2 and #3.  Some additional modelling work was completed by 

the study team after BRWG Meeting #3.  The modelling results are presented herein.   

5.2 Modelling Approach 

5.2.1 BROM 

The BROM is a comprehensive, mass balance model of the Bow River system developed using 86 years of 

Government of Alberta water data broken into daily flows, combined with data from TransAlta and the 

Water Survey of Canada for hourly flows during the 2005 and 2013 flood events.  The BROM was developed 

through a collaborative process with members of the BRWG over several years of interaction on various 

projects focussed on the Bow River watershed.  Further model details are provided in BRWG (2017). 

For the modelling work that was completed in support of the Conceptual Assessment, the BROM used an 

hourly time step and leveraged previous modelling work completed by the BRWG (BRWG, 2017).  Therefore, 

all flow rates generated by the model, as presented herein, are hourly flow rates.  In addition, the modelling 

results are presented in terms of total reservoir storage (dead storage plus live storage).  Subsequent 

sections of this appendix report provide information on the assumed volumes of dead and live storage for 

each of the three options being considered.   

Within the BROM, the assumed total storage for each reservoir being modelled is divided into four zones, 

and different operating rules are assigned to each zone.  This directly impacts how each reservoir responds 

in the model before, during and after a simulated flood event.  Storage in the bottom zone, below the Dead 

Storage Level (DSL), is never released.  The remaining live storage is divided into three zones.  The operating 

rules assumed in the model tell the model to try to maintain the reservoir in the middle live storage zone 

during non-flood and non-drought events.  Storage in the top live storage zone, up to the Flood Attenuation 

Storage (FAS) Level, or maximum reservoir level, is used during a simulated flood event, and the operating 

rules assumed in the model tell the model to lower the reservoir back down to the middle live storage zone 

after the event.  Storage in the bottom live storage zone is used, for example, during a simulated drought 

event, and the operating rules assumed in the model tell the model to return the reservoir to the middle 

live storage zone after the event. 
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As discussed later in this appendix report, the modelling considered two potential operating scenarios for 

the existing Ghost Reservoir, based on previous work by the BRWG (2017), and used simple operating 

assumptions for the potential new reservoirs.  The Conceptual Assessment scope did not include evaluating 

new operations for the existing system or refining the assumed operations for the potential new facilities.  

Operational rule curves will be developed in subsequent phases of the project. 

5.2.2 Simulated Flood Event 

A design flood event (e.g., 1:100 flood event) hydrograph for the purpose of assessing the downstream 

protection that could be provided by the three options being considered has not yet been established.  The 

design flood event hydrograph for downstream flood attenuation will need to be developed in subsequent 

phases of the project.  Future modelling to evaluate the reservoir options being considered should be based 

on the design hydrograph, and consider the effects of other types of potential flood events.   

In the absence of a design flood hydrograph, a simulated 2013 flood event hydrograph was used to assess 

the flood mitigation effectiveness of the three options for the purposes of the Conceptual Assessment.  

Assuming Historic operations for the existing Ghost Reservoir (as discussed later in Section 5.2.4) in the 

model, the simulated 2013 flood event results in a maximum hourly flow rate in Calgary of 1785 m3/s.  

Further details regarding the simulated 2013 flood event are provided in BRWG (2017).  The observed 

instantaneous peak flow rate in Calgary during the actual 2013 flood event was 1840 m3/s.   

Figure A-5.1 presents the simulated 2013 flood event hydrographs for the following four locations along 

the Bow River main stem, from upstream to downstream: 

• Morley option; 

• Existing Ghost Reservoir – consists of the combined inflows from the Bow River and the Ghost River; 

this hydrograph also applies to the Relocated Ghost Dam option; 

• Glenbow East option – downstream of Jumpingpound Creek; and 

• Calgary. 

Figure A-5.1 illustrates the variability in timing and magnitude of the inflows to each of the three options 

and at Calgary during the simulated 2013 flood event.  Of note, the timing of the maximum streamflow in 

the upper Bow River does not align with the maximum streamflow at Calgary.  In fact, the upper Bow River 

(Morley area) peaked later than the Bow River at Calgary.  The peak at Calgary was largely driven by runoff 

from front range watersheds like the Ghost River.  This has important implications when assessing the 

performance of each option, as discussed later in this appendix report.   

A scaled up 2005 flood event was also considered.  Further details are provided in BRWG (2017).  Unlike the 

simulated 2013 flood event, which has a distinct single peak, the 2005 event has different characteristics in 

terms of both shape and volume, and includes two distinct peaks.  Effectively managing this type of double 

peak event would require different operations than those for a single peak type of event.  As discussed in 

Section 5.2.4, for the Morley and Glenbow East options, two operating scenarios were considered for the 

existing Ghost Reservoir, namely Historic operations and 2016 Agreement operations.  The operating 

assumptions in the model for the 2016 Agreement scenario are suited to a 2013 single-peak type event, 

and the scope of the Conceptual Assessment modelling work did not include evaluating the operating 
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assumptions in the model for other types of events.  At a conceptual level, the conclusions about flood 

mitigation effectiveness that can be made for each option by modelling the simulated 2013 event are 

considered to be generally applicable to the scaled up 2005 event as well.  For the above reasons, only the 

results of modelling the simulated 2013 flood event are presented herein. 

 

Figure A-5.1: Bow River Hydrographs for Simulated 2013 Flood Event 

Maximum hourly flow in Calgary 
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5.2.3 Target Flow Rate in Calgary 

For each of the three reservoir options being considered in the Conceptual Assessment, the target was to 

achieve a maximum hourly flow rate in Calgary of 1200 m3/s.  The modelling was used to assess whether 

this target could be met under the simulated 2013 flood event flow conditions and, if so, the volume of live 

storage required to achieve the target.   

5.2.4 Assumed Ghost Reservoir Operations 

The modelling considered the following two assumed operating scenarios for the existing Ghost Reservoir, 

with different operating assumptions made in the model for each case: 

• Historic operations – assumes that operations of the upper Bow River system follow historical ‘normal’ 

operations, previously defined by the BRWG (2017).  The Historic operations assumed in the model are 

a simplification for use as a base case in the model, and do not represent operating rules.  The actual 

reservoir operations could be different in any given year, depending on a number of factors.   

In the model, in order to approximate historic reservoir operations, the existing Ghost Reservoir begins 

to store water above its ‘normal’ operating level when a 5-hour average inflow of 400 m3/s is reached, 

and the 5-hour inflow must be greater than the previous 5 hours.   

For the simulated 2013 flood event, this model assumption results in about 18,000 dam3 of live storage 

being used in the existing Ghost Reservoir during the flood event.  However, this storage is used prior 

to the maximum flow rate into the reservoir; therefore, the maximum outflow from Ghost Reservoir is 

similar to the maximum inflow. 

• 2016 Agreement operations – assumes that the 2016 Bow River TransAlta Agreement 

(2016 Agreement) is in place.  This agreement holds the Ghost Reservoir much lower (El. 1185.0 m) in 

the spring prior to the primary flood season.  Similar to the Historic operations, in the model, the existing 

Ghost Reservoir begins to store water when a 5-hour average inflow of 400 m3/s is reached.   

For the simulated 2013 flood event, this model assumption results in about 64,000 dam3 of live storage 

being used in the existing Ghost Reservoir during the flood event, with some of this storage being used 

prior to the maximum flow rate into the reservoir, and the remainder used to mitigate the flood event, 

reducing the maximum outflow from the reservoir. 

Figure A-5.2 compares the modelling results for the existing Ghost Reservoir for these two scenarios during 

the simulated 2013 event (without adding any new reservoir storage to the Bow River system).  In both 

cases, the maximum inflow to the existing Ghost Reservoir is about 1600 m3/s.  Using the assumed 

Historic operations in the model, the maximum outflow from the existing Ghost Reservoir is similar to the 

maximum inflow, as the 18,000 dam3 of storage was used early in the event, prior to the maximum inflow.  

However, using the assumed 2016 Agreement operations in the model, the maximum hourly ouflow from 

the existing Ghost Reservoir is reduced by about 200 m3/s to about 1400 m3/s.  The 64,000 dam3 of storage 

used was partly used early in the event, and partly used to reduce the maximum outflow.  
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Figure A-5.2: Impact of Assumed Ghost Reservoir Operations on Existing Ghost Reservoir 

In both scenarios, the available storage started to fill when the inflow reached 400 m3/s, as explained above.  

If a higher threshold for the inflow rate were assumed (delaying when the reservoir starts to fill), further 

mitigation could be achieved for the same storage volume or, in the case of the 2016 Agreement operating 

assumptions, a smaller storage volume could be used to achieve the same maximum outflow.  However, 

when an actual flood event occurs, the peak inflow rate is not known until after the event is over.  Starting 

to fill the reservoir too late, during what ends up being a smaller flood event, could result in not storing as 

much water in the reservoir as desired for overall water management flexibility.  Operational assumptions 

require further consideration in subsequent phases of the project, balancing the objective of flood 

mitigation with overall water management flexibility.   

Figure A-5.3 illustrates the resulting effects on the simulated 2013 flood event hydrograph at Calgary when 

the operations assumed in the model for the existing Ghost Reservoir are changed from Historic operations 

to 2016 Agreement operations.  Assuming Historic operations, the estimated maximum hourly flow rate at 

Calgary is 1785 m3/s.  Assuming 2016 Agreement operations, there is an estimated reduction in the 

maximum hourly streamflow at Calgary of about 250 m3/s.  However, even with the mitigating effect of the 

assumed 2016 Agreement operations, the target flow rate at Calgary of 1200 m3/s would still not be met 

during the simulated 2013 flood event, as the simulated maximum hourly flow rate at Calgary is 1538 m3/s.  

Further mitigation would require additional upstream storage provided by a new or expanded reservoir, as 

concluded during the previous BRWG (2017) work. 
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Figure A-5.3: Impact of Assumed Ghost Reservoir Operations on Flow Rate at Calgary 

5.3 Modelling Results 

For each option, through an iterative process, a pre-flood event reservoir level was set in the model, 

resulting in a given amount of live storage that could be used during the simulated 2013 flood event.   

5.3.1 Morley Option 

The following operating assumptions were used in the model for the Morley option reservoir: 

• The reservoir was assumed to have a total storage of 200,000 dam3, consisting of 15,000 dam3 of dead 

storage and 185,000 dam3 of live storage. 

• The pre-flood event reservoir level was set as being equivalent to a live storage volume of 15,000 dam3, 

which equates to 30,000 dam3 of total storage, leaving up to 170,000 dam3 of live storage that could 

be used during the simulated flood event. 

• The outflow from the reservoir was held to a maximum of 300 m3/s, provided that the reservoir still had 

storage capacity available.  As shown in Figure A-5.1, the flow in the Morley reach of river prior to the 

event is about 200 m3/s; therefore, limiting the outflow from the Morley option reservoir to a level less 

than 300 m3/s would essentially be holding back most of the flow in the Bow River. 

• The reservoir was allowed to continue to fill after the flood peak, up to the maximum reservoir capacity. 

• The model tried to return the reservoir to the pre-flood event reservoir level after the flood event. 

The operating assumptions implemented in the model for the Morley option reservoir are not an accurate 

representation of real-world operations.  Rather, they are simple assumptions that were made to maximize 

the effectiveness of the reservoir in meeting the target flow rate at Calgary by limiting outflow from the 

Morley option reservoir, and thereby reducing the inflow to the existing Ghost Reservoir.  More 

sophisticated operations will need to be considered in future simulations.  
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For the two operating cases that were considered for the existing Ghost Reservoir, the model results for the 

Morley option were as follows: 

• Historic operations – as shown in Figure A-5.4, the simulated maximum hourly streamflow at Calgary 

was reduced to 1481 m3/s, which does not meet the target of 1200 m3/s.  The Morley option reservoir 

used 89,100 dam3 of storage during the flood event, defined as being from June 20, 2013 at 5 a.m. 

(when the Morley option reservoir started to store water in the model, as the inflow met the 300 m3/s 

criterion) to June 23, 2013 at 2 a.m. (when streamflow at Calgary would have returned to 1200 m3/s for 

this scenario, but without the Morley option reservoir; i.e., for the existing Ghost Reservoir only, 

assuming Historic operations, as shown in Figure A-5.3).  The model suggests that holding back this 

volume of water at the Morley option reservoir over this time period could reduce the maximum hourly 

inflow to the existing Ghost Reservoir from about 1600 m3/s to 1305 m3/s.   

The Historic operating rules in the model for the existing Ghost Reservoir result in about 18,000 dam3 

being stored in Ghost Reservoir.  However, this storage is used prior to the maximum hourly inflow to 

Ghost Reservoir occurring; therefore, the maximum hourly outflow from the Ghost Reservoir is about 

the same as the maximum hourly inflow during the peak.  With the simple operating assumptions in 

the model for the Morley option reservoir, it continued to fill to its maximum storage capacity after the 

flood event, with resulting impacts on streamflow downstream.  Since the reservoir reached capacity, 

the model held the outflow rate at 300 m3/s until the reservoir level returned to the pre-flood event 

level.  For the simulated 2013 flood event, the peak flow at Calgary occurs earlier than in the Morley 

area in the upper Bow River.  Therefore, the Morley option could not reduce the maximum flow rate at 

Calgary sufficiently in this scenario, even though the Morley option reservoir stored a substantial 

volume of water.    

• 2016 Agreement operations – as shown in Figure A-5.5, the 1200 m3/s target at Calgary was met for 

this scenario.  The additional storage provided at the existing Ghost Reservoir reduced the maximum 

hourly outflow from the Ghost Reservoir relative to the previous scenario, resulting in a maximum 

outflow of about 1065 m3/s.  The Morley option reservoir operations were identical to those in the 

previous scenario, but the Morley option reservoir only used 72,300 dam3 of storage during the flood 

event, defined as being from June 20, 2013 at 5 a.m. (when the Morley option reservoir started to store 

water in the model, as the inflow met the 300 m3/s criterion) to June 22, 2013 at 2 p.m. (when streamflow 

at Calgary would have returned to 1200 m3/s for this scenario, but without the Morley option reservoir; 

i.e., for the existing Ghost Reservoir only, but assuming 2016 Agreement operations, as shown in  

Figure A-5.3).  The Morley option reservoir had the same effects on the inflow to the existing Ghost 

Reservoir (i.e., reducing the maximum hourly inflow from about 1600 m3/s to 1305 m3/s), and the Morley 

option reservoir also continued to fill to its maximum capacity after the flood event, with resulting 

effects on streamflow downstream.  Since the reservoir reached capacity, the model held the outflow 

rate at 300 m3/s until the reservoir level returned to the pre-flood event level.   

This scenario indicates that coordinated operations of the Morley and Ghost reservoirs could be 

effective for flood mitigation, reducing both the peak flow in Calgary and the post-peak flow rates.  

Coordinated operations of the two reservoirs would be challenging in reality.  The Morley option 

provides an opportunity to store a large volume of water upstream in the Bow Basin.  
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Figure A-5.4: Results for Morley Option with Ghost Reservoir Historic Operations. 
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Figure A-5.5: Results for Morley Option with Ghost Reservoir 2016 Agreement Operations. 
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5.3.2 Relocated Ghost Dam Option 

The following operating assumptions were used in the model for the Relocated Ghost Dam option reservoir: 

• The reservoir was assumed to have a total storage of 175,000 dam3, consisting of 23,000 dam3 of dead 

storage and 152,000 dam3 of live storage. 

• The pre-flood event reservoir level was set as being equivalent to a live storage volume of 67,000 dam3, 

which equates to 90,000 dam3 of total storage, leaving up to 85,000 dam3 of live storage that could be 

used during the simulated flood event. 

• The outflow from the reservoir was held to a maximum of 1000 m3/s. 

• The model tried to return the reservoir to the pre-flood event reservoir level after the flood event. 

Figure A-5.6 presents the results for the Relocated Ghost Dam option.  The 1200 m3/s target at Calgary 

was met, and 84,000 dam3 of storage was used at the Relocated Ghost Dam option reservoir.  Since the 

reservoir almost reached capacity (with only 1000 dam3 of live storage remaining), the model held the 

outflow rate at 1000 m3/s until the reservoir level returned to the pre-flood event reservoir level.  The 

Relocated Ghost Dam option is located downstream of the Ghost River and receives all substantive inflows 

to the Bow River, with the exception of Jumpingpound Creek, which is located further downstream.  Its 

position in the watershed allows it to effectively mitigate the peak flow for the simulated 2013 flood event 

using the simple operating assumptions applied in the model.   
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Figure A-5.6: Results for Relocated Ghost Dam Option. 
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5.3.3 Glenbow East Option 

The following operating assumptions were used in the model for the Glenbow East option reservoir: 

• The reservoir was assumed to have a total storage of 133,000 dam3, consisting of 14,000 dam3 of dead 

storage and 119,000 dam3 of live storage. 

• The pre-flood event reservoir level was set as being equivalent to a live storage volume of 16,000 dam3, 

which equates to 30,000 dam3 of total storage, leaving up to 103,000 dam3 of live storage that could 

be used during the simulated flood event. 

• The outflow from the reservoir was held to a maximum of 1200 m3/s. 

• The model tried to return the reservoir to the pre-flood event reservoir level after the flood event. 

For the two operating cases that were considered for the existing Ghost Reservoir, the model results for the 

Glenbow East option were as follows: 

• Historic operations – as shown in Figure A-5.7, the 1200 m3/s target at Calgary was met, and 

65,000 dam3 of storage was used at the Glenbow East option reservoir.  Since the reservoir still had a 

large volume of excess live storage capacity remaining (38,000 dam3), the reservoir didn’t reach the top 

live storage zone in the model.  Therefore, the model returned the reservoir level to the pre-flood event 

reservoir level at a flow rate less than 1200 m3/s, essentially following the descending limb of the 

hydrograph.   

• 2016 Agreement operations – as shown in Figure A-5.8, the 1200 m3/s target at Calgary was also 

met, but given the additional storage provided at the existing Ghost Reservoir, only 24,000 dam3 of 

storage was used at the Glenbow East option reservoir.  Since the reservoir still had a large volume of 

excess live storage capacity remaining (79,000 dam3), the model didn’t reach the top live storage zone 

in the model.  Therefore, the model returned the reservoir level to the pre-flood event reservoir level at 

a flow rate less than 1200 m3/s, essentially following the descending limb of the hydrograph.   

The Glenbow East option is located downstream of Jumpingpound Creek.  Its position in the watershed 

allows it to effectively mitigate the peak flow for the simulated 2013 flood event using the simple operating 

assumptions used in the model. 
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Figure A-5.7: Results for Glenbow East Option with Ghost Reservoir Historic Operations. 
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Figure A-5.8: Results for Glenbow East Option with Ghost Reservoir 2016 Agreement Operations. 
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5.3.4 Summary 

Table A-5.1 presents a summary of the scenarios evaluated during the Conceptual Assessment, and the 

results of the modelling completed for the simulated 2013 flood event.   

Table A-5.1: Modelling Results for Simulated 2013 Flood Event 

Option 

Model Assumptions Results1 

Ghost Reservoir 

Operations 

New Reservoir 

Operations 

New Reservoir 

Storage Used 

During Event 

(dam3) 

Flow Rate at 

Calgary 

(m3/s) 

Target 

Met? 

Existing 

Ghost 

Reservoir 

• Historic2 

N/A N/A 
1785 No 

• 2016 Agreement3 1538 No 

Morley 

• Historic2 
• Pre-flood event level 

equivalent to 15,000 dam3 

live storage 

• Held outflow to a maximum 

of 300 m3/s, provided that 

the reservoir still had storage 

capacity available 

89,100 during 

event4 and 

continued to 

fill to capacity 

1480 No 

• 2016 Agreement3 

72,300 during 

event5 and 

continued to 

fill to capacity 

1200 Yes 

Relocated 

Ghost 

Dam 

• N/A 

• Pre-flood event level 

equivalent to 70,000 dam3 

live storage 

• Held outflow to a maximum 

of 1,000 m3/s 

84,000 1200 Yes 

Glenbow 

East 

• Historic2 
• Pre-flood event level 

equivalent to 16,000 dam3 

live storage 

• Held outflow to a maximum 

of 1200 m3/s 

65,000 1200 Yes 

• 2016 Agreement3 24,000 1200 Yes 

Notes: 

1. BROM results are based on hourly flow rates. 

2. With the Historic operations assumption in the model, the existing Ghost Reservoir stored 18,000 dam3 before the maximum 

inflow is reached; therefore, the resulting maximum outflow was similar to the maximum inflow. 

3. With the 2016 Agreement operations assumption in the model, the existing Ghost Reservoir started to fill before the maximum 

inflow, and stored a total of 64,000 dam3, reducing the peak outflow. 

4. Defined as being from June 20, 2013 at 5 a.m. (when the Morley option reservoir started to store water in the model) to 

June 23, 2013 at 2 a.m. (when streamflow at Calgary would have returned to 1200 m3/s for this scenario, but without the Morley 

option reservoir). 

5. Defined as being from June 20, 2013 at 5 a.m. (when the Morley option reservoir started to store water in the model) to 

June 22, 2013 at 2 p.m. (when streamflow at Calgary would have returned to 1200 m3/s for this scenario, but without the Morley 

option reservoir). 



Alberta Environment and Parks BRRO Phase 1:  Conceptual Assessment 

 Appendix A – Bow River Working Group Engagement 

March 2020  Appendix A –  Page 23 

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

5.4 Future Study Considerations 

The Modelling Sub-Group had limited time and scope during this phase of the Conceptual Assessment; 

however, it was noted by the sub-group that there are several items that the BRWG should examine in 

Phase 2, the Feasibility Study, to help inform site feasibility and selection.  In particular, the following are 

considerations for future work: 

• Continuing to engage the BRWG in subsequent phases of the project will be valuable for gaining public 

and stakeholder support for any decision to proceed to the next phase.  The BRWG includes licence 

holders, municipalities, other stakeholders, and government agencies that have the expertise and 

experience to help inform site selection criteria, design and operational considerations, and advise on 

further decision-making.  The BRWG members are able to bring a diverse and in-depth understanding 

of the process and data to stakeholders throughout the Bow Basin.   

• Collaborative modelling sessions (as has been done in previous BRWG projects) can allow for 

information to be tested and verified.  This type of engagement can improve participant understanding 

and result in clearer communication with stakeholders throughout the watershed, which may lead to 

greater support from provincial decision-makers.  Unforeseen and unintended consequences to 

municipalities, licence holders and others could be mitigated or avoided by testing overall system 

effects caused by a large new control structure on the river.   

• Modelling with the BROM could be done to test options and scenarios for operations, design, and 

downstream considerations.  Some of these options were discussed in the Modelling Sub-Group and 

BRWG meetings and include: 

− Design flood event hydrographs and design operations – the BROM could be used to evaluate 

operations for design hydrographs and a range of other flood types. In addition, the BROM could 

be used to evaluate the effectiveness of each option in an overall water management context. 

− Use of water to support downstream licensed water needs – municipal, irrigation, and industrial 

users in the Bow River basin are looking for reliability of supply.  Additional storage in the basin 

should be assessed for how it can be used to offset impacts of low flow or periods of drought.  

− Functional flows or environmental flows on the Bow River - a common application of functional 

flows is the enhancement of winter discharge through Calgary for dilution of sewage effluent to 

meet environmental standards and to protect the valuable downstream trout fishery.   

− Estimate impacts on TransAlta operations, other licence holders and river flows – estimates of 

impacts on TransAlta operations could be made, and downstream effects considered.  This could 

help in a discussion of tradeoffs and opportunities to minimize negative effects that may be created 

by a new dam and reservoir on the river ecosystem (e.g., dissolved oxygen, winter operations, 

spawning season flow or other unintended effects), which could be of value for future regulatory 

and permitting processes.   

− Fisheries strategies – Bow River fisheries enhancement strategies could be studied as part of any 

EIA process, and may be required to obtain the necessary permits and approvals to proceed. 
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6.0 SUMMARY 

The BRWG was engaged during the Conceptual Assessment, providing input to the site screening process 

and the conceptual designs of the three selected options.  The Modelling Sub-Group provided input 

between BRWG meetings to support modelling work completed in support of the Conceptual Assessment.  

In addition, some BRWG members provided review input to the Conceptual Assessment report. 

Modelling using the BROM was completed to support the Conceptual Assessment using simple operating 

assumptions for new reservoirs and considering two potential operating scenarios for the existing Ghost 

Reservoir.  For a simulated 2013 flood event, the modelling results suggest that each of the three reservoir 

options being considered could meet the target of mitigating the flood event to a flow rate at Calgary of 

1200 m3/s.  However, in order to meet the target, the Morley option would require the 2016 Agreement for 

the existing Ghost Reservoir to remain in place, with coordinated operations of the two reservoirs.   

The live storage that was used in the model during the simulated 2013 flood event varied for each option, 

depending on the location of the dam along the Bow River, and the reservoir operating assumptions made 

in the model.  The Morley option continued to store a large volume of water post-event, while the two other 

options only stored water during the flood event.  For the Morley and Glenbow East options, the live storage 

used in the existing Ghost Reservoir depended on the operating assumptions made for Ghost Reservoir.  

Operating assumptions require further consideration in subsequent phases of the project, balancing the 

objective of flood mitigation with overall water management flexibility.  Different assumptions could impact 

the storage volume required for each option (and for the existing Ghost Reservoir, in the case of the Morley 

and Glenbow East options) to mitigate the simulated 2013 flood event, as compared to the storage volumes 

reported herein. 

A design flood event (e.g., 1:100 flood event) hydrograph for downstream flood attenuation will need to be 

developed in subsequent phases of the project, and could require more storage than the simulated 

2013 flood event considered herein.  Future modelling to evaluate the reservoir options being considered 

should be based on the design flood event hydrograph and consider the effects of other types of potential 

flood events.  In future phases of the project, the BROM could be a valuable tool to evaluate the overall 

Bow River system under various scenarios.  Expanding the range of potential scenarios considered in future 

modelling work would support more in-depth investigation of the flood mitigation potential and overall 

water management flexibility of each option, and illustrate potential impacts on the long-term health of the 

Bow River.   

The BRWG should continue to be engaged to provide input to the BRRO project, given its expertise and 

experience in the watershed to support the development of long-term flood mitigation and water 

management flexibility plans.  Collaborative modelling sessions could be valuable for assessing potential 

scenarios, and evaluating the water management flexibility of each option. 
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Attachment A1 – Benchlands Dam Concept 

BRWG Overview Inputs, November 21, 2019 

The Bow River Reservoir Options (BRRO) Phase 1:  Conceptual Assessment (BRRO Conceptual Assessment) 

team presented an alternative concept to the Bow River Working Group (BRWG) on November 21, 2019, 

identified as the Benchlands Dam concept.  This concept was developed by a member of the Bowness 

Responsible Flood Mitigation Society (BRFM) and presented to City of Calgary Council (Calgary Council) on 

May 15, 2019.  In its presentation to the BRWG, the BRRO Conceptual Assessment team used slides from 

the BRFM member’s presentation to Calgary Council. 

The BRRO Conceptual Assessment team described the Benchlands Dam concept as follows:  the Benchlands 

Dam concept envisages a complex project including a new large dam across the Ghost River near the 

Summer Village of Waiparous, associated extensive tunnelling for hydro power development and other 

upstream features.  The BRRO Conceptual Assessment team advised the BRWG that this concept was several 

times larger than any of the three BRRO Conceptual Assessment options, its cost would be several times 

higher than any of the three BRRO options, and the primary dam and associated reservoir footprint for the 

Benchlands concept would be located on top of the existing community of Waiparous. 

The BRWG were told that the BRFM member had indicated that the Benchlands Dam concept, if proven 

feasible, could have significant power production potential which could make it an economically feasible 

project (as yet unproven), and which could mitigate a 2013 size flood to 800 m3/s, rather than the current 

1200 m3/s objective of the BRRO Conceptual Assessment, but would require a major pump station 

installation to make this feasible.  A pump station was part of the plan presented by the BRFM member, as 

it would also be used to recycle water for hydro production on a regular basis to provide high value hydro 

power. 

The purpose of the discussion with the BRWG regarding the Benchlands Dam concept was to gain feedback 

on whether this concept is considered to be viable and how it should be addressed moving forward.  The 

following feedback was provided: 

• The Ghost River watershed is a small component of the Bow River watershed.  It is possible that the 

next flood will be driven by precipitation outside the Ghost River watershed.  If the proposed dam is to 

be located on a small tributary river, the dam may not provide the desired level of flood protection.  

The three BRRO Conceptual Assessment options are all on the Bow River mainstem.  In a 2013 flood 

scenario, in which water is coming out of the Upper Bow or Upper Bow and Kananaskis, the flood level 

objectives in Calgary may not be met, even if a major pump station existed, and assuming the pump 

station could be relied on to pump water from the Bow River into the Benchlands Reservoir during a 

major flood.  The BRWG concluded that the Benchlands concept may not warrant further discussion for 

these reasons alone. 

• One reason that the proponent brought forward this concept is because the proponent believes it could 

reduce flood risk to a greater extent than the BRRO Conceptual Assessment options being studied; 

primarily through reducing surface flow rates and associated seepage risk, and facilitating lower height 

dykes within Calgary, which would have less impact on river views of the Bow River for some residences.  

Although important, reduced seepage and improved views are relatively small additional benefits 
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compared to the primary flood and drought protection objectives of the BRRO project, considering the 

large projected costs to mitigate to a lower peak design flood level. 

• The proposal locates the Benchlands concept dam and reservoir on top of the existing Summer Village 

of Waiparous and would require relocation or buy-out of the entire village.  This would result in 

significant social and financial costs and, probably, considerable uncertainty in project implementation 

timelines and public acceptance.  

• From a Fisheries Act perspective, there was concern about how to calculate offsets.  Since westslope 

cutthroat trout and bull trout (both species at risk) have critical habitat in the area, obtaining 

environmental approval for this project would be difficult.  Almost certainly there would be population 

level impacts and extirpation.  If population impacts or extirpation were found likely to occur, this would 

trigger a review of the project under the Fisheries Act and Species at Risk Act that would likely identify 

significant adverse environmental effects and could potentially stop the project.  

• The Ghost River watershed is a natural wilderness area, and much poorer positioned to mitigate flood 

and drought risk as compared to the three BRRO Conceptual Assessment options. 

• This project would impact Stoney Nakoda First Nation reserve lands with consequent First Nations 

considerations. 

• The proposal relies on a complex and extensive pumping system to pump flood flows from 

Ghost Reservoir up to the proposed Benchlands Reservoir.  The reliability of such a complex system 

during a major flood event, even when properly maintained, may represent an unacceptable potential 

risk of failure. 

There was additional discussion that the Benchlands Dam concept was more of a mega-hydro development 

project and not readily comparable to the smaller BRRO Conceptual Assessment options. 

The BRWG indicated there was good justification to eliminate this concept from further investigation.  The 

BRWG agreed that if one of the selected options from the BRRO Conceptual Assessment proceeds to the 

regulatory process, this feedback can be included to demonstrate that this alternative concept was 

adequately explored and eliminated from further investigation. 
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