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Summary
The town of High River in south Alberta suffered from severe flooding in June 2013. A
number of studies have been carried out for High River Town and the Alberta Flood Recovery
Task Force, resulting in a number of proposals to mitigate future floods.

Deltares is asked to review the reports of two studies. The first study is the AECOM study
carried out for the Alberta Flood Recovery Task Force. The second study is the Worley
Parsons study for the Town of High River. The review describes the different scopes of the
studies, the different modelling approaches, the analysed alternatives and the evaluation of
alternatives.

Our advice on what should be done is summarised in the next two points. First, we
recommend to not implementing the dry dams or southern diversion' schemesas studied by
AECOM since they cannot be justified considering the societal costs and benefits ..of.these
measures. Secondly, we recommend being reluctant with regard to deliberately drawing more
discharge into the little Bow since this may be considered morphologically unsustainable and
not robust in view of uncertainty about design discharges. Instead we advise to try to further
enhance the discharge capacity of the Highwood River through the town of High River itself
by at least removing obstacles and perhaps reshaping (and maintaining) the..channel and
floodplain morphology.
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1  Introduction 

1.1 Background 

 

The southern part of the Province of Alberta suffered from severe floods in June 2013. The 

flood resulted in loss of life, large damage to houses and public infrastructure, and social 

disruption. The economic damage for the whole province of Alberta has been estimated at 

about 5 to 6 billion (Canadian) dollars. Most of this damage occurred in Calgary.  

Among the most severely affected locations was the Town of High River on the Highwood 

River. The damage in High River Town, as far as covered through the Municipal Disaster 

Recovery Program, amounts to 79 million dollars (AECOM, 2014; appendix A, page 2). 

 

Contacts between Alberta and the Netherlands after the flood event have led to mutual visits 

in 2014 and exchange of experiences in flood risk management (e.g. the Room for the River 

approach used in the Netherlands). As a follow-up of these contacts, Deltares was asked to 

review two reports in which flood mitigating measures are being proposed for High River. 

 

1.2 Character of this report 

 

The present report is a technical review of the following two reports: 

 

• AECOM (2014): Southern Alberta Flood Mitigation Feasibility Study for Sheep, 

Highwood River Basins and South Saskatchewan River Sub-Basin; Highwood River 

Water Management Plan. This is an AECOM report prepared on behalf of and 

commissioned by the Alberta Flood Recovery Task Force, issued July 2014. 

• Worley Parsons (in prep.): 2013 Flood Mitigation Master Plan, Town of High River, 

Alberta. This is a report in the form of a ‘living document’ (subsequent versions) by 

Worley Parsons, prepared on behalf of and commissioned by the Town of High River, 

version of March 2014. 

 

For this review some additional background information has been taken into account in order 

to allow an interpretation of the reports in the context of the actual flood risk problem and the 

connected decision making context. Firstly, a visit to the Town of High River and its 

surroundings has been made (by Hans van Duijne & Frans Klijn), comprising a site visit and 

an open exchange of thoughts with people from the town and Worley Parsons. Secondly, the 

following background information was taken into account, which has been made available to 

us by AESRD (Alberta Environment and Sustainable Resource Development): 

 

• Stantec (2013): Flood Mitigation Measures Elbow River, Sheep River and Highwood 

River Basins. Stantec report 120990001, prepared for the Community Flood Mitigation 

Advisory Panel, October 2013. 

• WaterSmart & AI-EES (2014): Bow Basin Flood Mitigation and Watershed Management 

Project report, Alberta Watersmart and Alberta Innovates – Energy and Environment 

Solutions (AI-EES), March 2014. 

• Digital Elevation Data gathered with LIDAR. 
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1.3 Structure and limitations of the review 
 
After a brief introduction to the local flood risk situation in this introductory chapter, the studies 
of AECOM (2014) and Worley Parsons (March 2014 version) are summarized, reviewed and 
compared, considering: 
 
• Purpose of the study. 
• Modelling approach and design conditions. 
• Analysed flood mitigation measures. 
• Results of the study. 
• Limitations. 
 
This review has been carried out without any additional modelling. In a next phase of the 
project the development of a 1D SOBEK model is foreseen, which would allow a more 
thorough review of proposed flood mitigation measures. 
 

1.4 High River’s flood risk situation 

 
The town of High River is located on the Highwood River, which originates in the Rocky 
Mountains and runs through the town after it has left the confined valley of the mountainous 
and foothill stretches. The Little Bow River has its source in High River. Despite the 
overwhelming number of reports and material available, no overview map could be found 
which also showed the most important hydrometric stations and potential dam sites, so we 
constructed one using the basic shape files received from AESRD (Figure 1.1).  

 
 

 
Figure 1.1 Highwood River basin, High River Town and Little Bow River with hydrometric stations (green points), 

dry-dam locations H2 and H5(2) (in orange), and dam site LB1 (in red) on Little Bow River upstream of 

Twin Valley Reservoir  
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The town of High River is located on the Highwood River, some 100 river kilometres from the 

Continental Divide and less than 5 kilometres downstream of where the Highwood River 

leaves the mountains and foothills, where a deltaic-like landform is formed (Northwest 

Hydraulic Consultants Ltd, High River Floodrisk Mapping Study, 1992). Geomorphologically 

this would probably qualify as an alluvial fan, but with a relatively low gradient. On such 

alluvial fans rivers tend to swing, each time the river gets choked by its own sediment, which 

is deposited as soon as the river leaves the confined valley of the mountainous and foothill 

stretches. Since the town of High River was established, this has not happened. The river has 

tried to change its course several times near the apex of the alluvial fan (near Woman’s 

Coulee), however, but was redressed by river training works, e.g the Hoeh Dike which is 

intended to prevent the river from changing its course via Baker Creek. The river training 

works in this stretch are aimed to keep the Highwood River at the north side of its river valley. 

 

The 2013 peak discharge in Highwood River at Hogg Park (some 20 km upstream of High 

River) was estimated by WSC (Water Survey of Canada) to have reached 1820 m
3
/s. During 

the 2013 flood, part of the discharge has flown over the divide between the apex and the town 

centre of High River into the Little Bow River. A large portion of this discharge went in south-

easterly direction through the town, causing substantial damage. 

 

1.5 The decision issue 

 

The general decision issue that now requires answering is: which measures to reduce overall 

flood risk are cost-effective, societally acceptable and sufficiently sustainable, and which ones 

are no-regret and should be implemented with priority? Measures anywhere in the river basin 

may be considered, but the primary focus is at reducing the risks in the town of High River, 

whilst taking into account possible off-site effects anywhere along the Highwood River and 

the Little Bow River, as well as further downstream. 

 

After the 2013 flood a number of measures have already been taken by the Town of High 

River (Figure 1.2), among which: 

 

1) protecting (by means of dikes / berms) the part of the town through which the 2013 

flood sought its way to the Little Bow, and 

2) enhancing the discharge capacity of the Highwood River’s floodplains through the 

town.  
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Figure 1.2 High River’s flood mitigation plan, with in dark blue the proposed overflow into the Little Bow (out south) 

(from Worley Parsons) 
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These measures influence the flooding process and pattern. When a flood of the size of 2013 

would occur again, a larger discharge would go through the Highwood River to the north-east 

with possibly larger consequences along the downstream Highwood River. According to 

Worley Parsons’ simulations, the recently implemented measures would reduce the overflow 

into the Little Bow River from 550 m
3
/s to 405 m

3
/s (indicated as case 27a in Worley Parsons’ 

presentation November 2014).  

 

The decision issue on this particular element can be defined as: would a deliberate division of 

the discharge over Highwood River and Little Bow be an option to reduce overall flood risk, 

could this be sustainably maintained, and which division would be optimal? 
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2 Review of AECOM’s report 

2.1 Purpose of the study 

 

The objectives of the AECOM study as stated in their report are: 

• Review and evaluation of flood mitigation proposals; 

• Development of selection criteria; and 

• Identification of a water management strategy for flood mitigation. 

 

The AECOM study was carried out for the Alberta Flood Recovery Task Force. 

 

2.2 Modelling approach and design conditions 

 

2.2.1 Model setup 

 

In the AECOM study a HEC-HMS model was used. This model comprises a rainfall-runoff 

model using the SCS method, and a Muskingum-Cunge routing model.  

 

The modelled area is the whole Highwood River catchment, from the various tributaries like 

Storm Creek/Highwood River, Cateract Creek, Pekisko Creek, Coal Creek, Stimson Creek, 

Flat Creek, Sullivan Creek, and Tongue Creek down to where the Highwood River flows into 

the Bow River (Figure 2.1). The Sheep River flows into the Highwood River between 

hydrometric stations 05BL009 and 05BL024 downstream of the town of High River. 

 

The catchment area upstream of station 05BL0024 near the Highwood River mouth is 3952 

km
2
 (including the Sheep River basin). The catchment area of station 05BL009 near 

Aldersyde (upstream of the confluence with Sheep River, but including the Tongue Creek 

catchment) is 2337 km
2
. The catchment area of station 05BL009 near the town of High River 

is 1953 km
2
. 

 

For the rainfall-discharge modelling the Highwood River basin is divided into a number of sub-

basins (Figure 2.2). For each sub-basin a rainfall-runoff model was set up using the SCS 

modelling concept. For each sub-basin a separate parameter set is determined based on 

characteristics such as land use, soil type and slope. This is expressed in the model 

parameters Curve Number (CN), slope and flow path length to the sub-catchment outflow 

point. The curve number parameter and initial conditions determine the water losses. The 

slope and flow path length are relevant for the unit hydrograph, which has been determined 

using the Snyder Unit Hydrograph method. The unit hydrograph, in turn, determines the 

transformation (time-lag, peak reduction) from rainfall to runoff. The precipitation can be 

specified for each sub-basin separately, so in a spatially distributed way.  

The sub-basins are linked through a network of nodes and links. The computed runoff per 

sub-basin is routed through this network. Since the SCS rainfall-runoff model is designed for 

peak events only, base flow has been accounted for by adding some discharge for each sub-

basin. Snowmelt processes are not considered directly in the model, but contribute to the 

peak flows (e.g. snowmelt and rainfall on snow). Snowmelt has been taken into account 

indirectly during model calibration.  
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Figure 2.1 AECOM’s model of Highwood-Sheep river basin (Figure 4-1 from Appendix P of AECOM report) 
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Figure 2.2 Sub-basins used in the AECOM model, and locations of climate and hydrometric stations in Highwood 

river basin (fig. 2-1 from Appendix P of AECOM report) 

 

The channel routing is done using the Muskingum-Cunge method. This is a simple procedure 

which allows transforming a discharge at location A to a discharge at location B using channel 

slope, cross-section information and a Manning roughness. 

 

In order to be able to assess the effect of the various measures, the routing procedure is 

adjusted. Dry dams for storage (H2 and H5(2)) have been added to the model by using a 

stage-storage relationship derived from digital terrain data and assuming outlet structures to 

limit the flow in the Highwood River across High River town for the 2013 event to 750 m
3
/s. 

The southern diversion LBR2 for overflow from the Highwood River into the Little Bow River 

(southeast of the town of High River) is modelled using a rating curve which limits the 

discharge in the Highwood River across High River town to 750 m
3
/s, by diverting by diverting 

640 m
3
/s to Little Bow River for the 1:100 year flood, and diverting 820 m

3
/s for the 2013 

event.  

 

A separate HEC-RAS model was developed to analyse the impact of flows diverted into the 

Little Bow River (of 640 and 820 m
3
/s respectively, modelled as constant flows) until dry dam 

LB1, which is located just upstream of the confluence with the tributary that originates in 

Frank Lake. This dry dam is meant to protect downstream infrastructure such as the dams of 

Twin Valley Reservoir and Travers Reservoir from damage. 
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2.2.2 Calibration results 

 

Hourly rainfall data are used as input for the model. Rainfall data are available for the orange 

points in Figure 2.2. The green points are the hydrometric stations. 

The model has been calibrated on observed discharges for the 2013 event at 4 stations: 

 

1 Station 05BL022 at Cateract Creek, which recorded the 2013 event. 

2 Several stations in Highwood River, Stimson Creek, and Pekisko Creek, recording only 

(part of) the rising limb of the event. 

3 Station 05BL027 at Trap Creek near Longview, which recorded the rising limb and the 

peak of the event. 

4 The WSC estimate of 1820 m
3
/s peak discharge at Hogg Park in Highwood River, some 

20 km upstream of High River Town. (Appendix P, page 10)  

 

Figure 2.3 gives the results of the AECOM model at High River town for the 2013 event. It 

shows the available observations (unfortunately only the rising limb has been recorded) in 

red, results of the base run and the effect of measures on the 2013 flood wave. The base run 

(calibration run) results are shown in green, and results of runs with measures in other 

colours. (Dry dam H2 in dark blue, Dry dam H5(2) in orange, Northern bypass E in light blue, 

Southern diversion LBR2 in dotted read-brown).  

 
Figure 2.3 Results of the AECOM model at High River town for the 2013 event (figure 6-1 from Appendix P of 

AECOM report) 
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From the graph, the following observations are made: 

• The computed calibrated flood discharge at High River town is just below 1200 m
3
/s. 

The rising limb matches with observations for the period where observations are 

available (although no detailed conclusions can be drawn given the scale of the graph).  

• According to the Worley Parsons report, in 2013 about 560 m
3
/s of the peak discharge 

of 1820 m
3
/s at Hogg Park was flowing to the Little Bow river. When neglecting peak 

flow attenuation on the stretch between Hogg Park and High River, this would result in 

some 1260 m
3
/s peak discharge in High River. So a peak discharge just below 1200 

m
3
/s seems in line with this.  

• Measures may reduce the flood peak through the town of High River compared to the 

base case with close to 200 m
3
/s (Northern Bypass E, southern diversion LBR2) or 450 

m
3
/s (Dam H5(2) and H2)  

 

AECOM (2014, Figure 6.2 in Appendix P) also shows a similar graph for the Highwood River 

mouth. The reduction in peak discharge is less, some 100 m
3
/s for the southern diversion 

LBR2 and about 400 m
3
/s for Dam Schemes H2 and H5(2); compared to a calibration run 

discharge of 2250 m
3
/s.  

 

Model results (computed discharges) for other locations could not be found in the report or its 

appendices. 

2.2.3 Design conditions 
 
The legally prescribed design conditions are the 1:100 year flood conditions.  
 
Even though the model uses rainfall as input, no 1:100 year rainfall data are reported. The 
reference adopted in the AECOM report seems to be the 1:100 year discharge at Hogg Park, 
which is some 20 km upstream of High River in the confined valley and hence also upstream 
of the reach where overbank flow from the Highwood River into the Little Bow River occurred. 
This location was selected to estimate the flows. However, there is no WSC gauging station 
at Hogg Park. 
 
The estimates for Hogg Park are derived from data of neighbouring stations 05BL004 (in High 
River town), 05BL009 (Highwood river near Aldersyde), station 05BL015 in Little Bow Canal 
at High River,  and the NHC 1990 rating curve to adjust for diverted flow and overland flow to 
the Little Bow River. The difference in catchment area between station 05BL004 (High River 
town) and Hogg Park (125 km

2
 on 1953 km

2
) was neglected and considered insignificant.  

 
The flood frequency at Hogg Park is estimated on the basis of an assumed GEV-distribution. 
The results are presented by AECOM (2014, table 3-4 of Appendix B) and repeated below 
(Table 2.1). The measurements from which these flood frequencies are derived do not 
include the large 1880 event, as this was unmeasured. This is inevitable. 
The 1:100 year discharge at Hogg Park is estimated to be 1390 m

3
/s, and the 1:200 year 

discharge is 2040 m
3
/s. From the estimated peak discharge of 1820 m

3
/s at Hogg Park during 

the 2013 event, it follows that the 2013 event has a return period between 100 and 200 years 
(and closer to 200 years).  
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Table 2.1 Estimated peak discharges and corresponding return period at Hogg Park 

Return period 
(Years) 

Annual 
Probability 

Discharge at Hogg Park,  
upstream of 05BL004 (in m

3
/s) 

200 0.5% 2040 

100 1% 1390 

50 2% 938 

20 5% 553 

10 10% 364 

5 20% 233 

Distribution 
 

GEV 

 

2.3 Analysed flood mitigation measures 

 

2.3.1 Alternatives 

 

A number of alternative measures have been evaluated by AECOM: 

 

• Non-structural measures; 

• Local flood mitigation schemes; 

• Dry-dam schemes, notably H2 and H5(2); 

• Northern bypass schemes; 

• Southern diversion schemes; and 

• Combined Northern bypass and Southern diversion scheme. 

In the next sections, we only look at the dry-dam schemes and the southern diversion 

scheme, as northern bypasses are no longer considered (communication by AESRD, October 

2014). 

 

2.3.2 Implementation of structural measures in the model 

 

• H2 and H5(2) dry dams are implemented as a storage reservoir in the model, with a 

level-area-volume relation estimated from terrain data, and limiting the outflow of the 

reservoir such that the flow at the town of High River is limited to 750 m
3
/s.  

• The southern diversion LBR2 option is considered the best option of the analysed 

southern diversion options. The LBR2 diversion is designed in such a way that the 

1:100 discharge at Hogg Park (1390 m
3
/s) is reduced to 750 m

3
/s at High River Town, 

by allowing 640 m
3
/s overflow to the Little Bow River (AECOM 2014, figure 3.11 in 

Appendix F). For the 2013 flood the flow at Hogg Park is estimated to have been 1820 

m
3
/s (return period between 100 years and 200 years); LBR2 aims to divide this flow 

into 820 m
3
/s to the Little Bow River and 1000 m

3
/s through High River Town.  

 

The flood mitigation according to guidelines of the Government of Alberta is based on the 1 in 

100 year flood for communities. AECOM expresses the opinion that this level may be too low 

for large towns and cities, due to higher population density and higher property values. The 

report only shows model results for the various measures for the 2013 flood, not for a 1:100 

year event. 
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For all measures it is assumed that High River Town can cope with a peak discharge of 750 

m
3
/s without being flooded. The southern flood diversion increases the flows in Little Bow 

River. The impact of this increase on Twin Valley Reservoir (at the confluence of Little Bow 

River and Mosquito Creek) and downstream Travers Reservoir is discussed in Appendix F of 

the AECOM report. During the 2013 flood, the peak inflow at Twin Valley Reservoir was 

estimated to have been 450 m
3
/s. Some bridges along the valley were washed out or 

damaged, and 2 houses were flooded. The large hydraulic capacity of the valley thus caused 

only limited damage; the level of Twin Valley Reservoir increased to 1.1 m above FSL (Full 

Supply Level) and some damage has been reported on the dam. Travers Reservoir did not 

reach the FSL.  

 

An optional dry storage dam on the Little Bow River at site LB1 (see figure 3.2. in Appendix F 

of the AECOM report) is proposed to reduce the inflow into Twin Valley reservoir and to thus 

prevent downstream damages. The LB1 reservoir can store the volume diverted to the Little 

Bow River of the 1:100 year flood event on Highwood River, and would protect downstream 

infrastructure from damage. The LB1 dam would be 22 m high with a crest level of 1010 m 

and corresponding volume of 50.7 million m
3
 (Full Supply Level of 1007 m and volume of 

35.67 million m
3
). 

 

2.4 Results of the study: evaluation of alternatives 

 

Alternatives have been ranked using the TBL (Triple Bottom Line) Assessment method, which 

is a multi-criteria decision making tool using several criteria. In this case 7 social, 3 

environmental and 3 financial criteria were used. This is presented in coloured graphs.  

Based on weights for each criterion a score can be computed.  

 

The social criteria are: 

• recreation and open space amenities; 

• town housing and neighbourhood; 

• employment; 

• construction impacts; 

• system resilience; 

• cultural and historical resources; and 

• operations and maintenance impacts on workers. 

 

The environmental criteria are: 

• water quality; 

• excavation impacts (groundwater discharge, hazardous waste); and 

• habitat (impacts on fish, environmentally sensitive areas, wetlands, rare plants and 

wildlife). 

  

The financial criteria are: 

• life-cycle costs; 

• constructability (related to obtaining permits); and  

• operation complexity.  

 

The TBL analysis results in coloured pie-chart graphs containing 3 equal sizes for the 3 main 

categories (social-, environmental- and financial criteria), and different sizes of sub-criteria 

within the 3 main categories depending on the weight given to the sub-criteria. Colour 

indications indicate the score: they range from red (very negative) via orange (negative), 
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white (neutral) light blue (positive) to dark blue (very positive). The more blue, the more 

favourable the alternative. The TBL method results in relative rankings of the various 

alternatives only. Whether the benefits justify the costs cannot be derived from it. 
 
The TBL analysis showed that a flood by-pass around the north side of the town was 
preferred over the dry-dam schemes H5(2) and H2; the northern bypass options D3 and E 
were the preferred alternative over the Tongue Creek and southern diversion LBR2 scheme, 
mainly due to environmental impacts and costs. This can be derived from the following 
graphs (Figure 2.4 and Figure 2.5; copied from the AECOM report), where the most blue 
(positive) option is the northern bypass option D3/E

1
.  

 

 
Figure 2.4 Results of the TBL evaluation for dry dams H5(2), H2 and northern bypass (figure in par. 6.3.2., page 

86 from the AECOM report) 

 

 
 

Figure 2.5 Results of the TBL evaluation for northern bypass and southern diversion options (figure in par. 6.3.2., 

page 88 from the AECOM report) 

 

                                                   
1  However, after completion of the AECOM study is was concluded that the northern bypass options are politically 

infeasible. 
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2.5 Comments  

2.5.1 On the model used 

 

The SCS rainfall-runoff model concept is a typical event-based model, suitable for simulating 

the runoff from small sub-catchments after single extreme rainfall events. The model is 

developed by the US Soil Conservation Service in the 1970s based on data for a number of 

catchments in the USA. The method is well-known world-wide; it is successfully applied in 

various countries and also for much larger catchment sizes. The model uses only a few 

parameters to describe the catchment, i.e. curve number, slope, flow path length to the 

output, initial conditions, and a choice for the unit hydrograph.  

These parameters determine water losses (infiltration; low for high curve numbers) and the 

characteristics of the response to rainfall (fast runoff for high curve numbers and steep 

slopes). 

 

The Muskingum-Cunge method for channel routing is a simple procedure to transform a 

discharge at location A to a discharge at location B using channel slope, some cross-section 

information and a Manning roughness. It is not a 1D model which solves the full St. Venant 

equations such as HEC-RAS or SOBEK.  
 
A separate HEC-RAS model has been applied to assess the impact of the southern diversion 
scheme up to and including the dam at site LB1, to check whether the Little Bow River valley 
up to LB1 can handle the flow and whether the LB1 dam and outlet structure can reduce the 
peak outflow such that the dams of Twin Valley Reservoir and Travers Reservoir are safe.  
 
The SCS model in combination with the Muskingum routing model is suitable for a quick 
general assessment of the impact of measures in terms of reducing discharges. The model is 
not a full hydrodynamic model, and thus not able to capture detailed flow dynamics. If 
measures are likely to change the typical behaviour of the river and to influence flood 
propagation, the outcomes should be interpreted very carefully. Detailed analysis of the 
impact of local measures such as additional dikes in High River Town, or removal of 
obstructions from the floodplain (e.g. the railroad bridge) cannot be done using this model, 
and requires a full hydrodynamic model. 
In summary: the model used by AECOM has a limited applicability and is sensitive to 
changes in morphology. It suffices for a general assessment, e.g. a feasibility study of a large 
number of distinct options. 
 
The analysis of the Little Bow River using the hydrodynamic HEC-RAS model only extends till 
dam LB1. It is assumed that if dam LB1 can keep the outflow below the actual flows of the 
2013 event, then the Twin Valley dam and other downstream infrastructure are not at risk. 
The 2013 flow from the Highwood River into the Little Bow River was estimated at 615 m

3
/s 

(AECOM, 2014; Appendix F, par. 3.1.3.1, page 6). Worley Parsons estimated this flow based 
on their computations at 560 m

3
/s (Worley Parsons’ presentation November 2014). The LBR2 

alternative is designed to have peak inflows from the Highwood River of 640 m
3
/s for the 

1:100 year event, and 820 m
3
/s for the 2013 event. The service spillway of Twin Valley dam is 

designed for a 1:1000 year flood and a peak flow of 650 m
3
/s; this design discharge is based 

on a Highwood river spill. During the 2013 event, Twin Valley Reservoir rose to 1.1 m above 
its full supply level, and the service spillway was in operation with a discharge of 
approximately 80 m

3
/s (Appendix F, paragraph 1.3). The emergency spillway at Twin Valley 

dam has a much larger capacity (Appendix F, paragraph 1.2.1, table 1-1 on page 2) but its 
operation may cause erosion problems, which are only acceptable for very extreme floods 
(return period more than 1000 years). At Travers Reservoir, the service spillway is designed 
for a 1:1000 year flood for spring snowmelt conditions corresponding with a peak inflow of 
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281 m
3
/s (Appendix F, paragraph 1.2.2, table 1-2 on page 2). The emergency spillway is 

designed for the PMF (probable maximum flood) and has a discharge capacity of more than 
3200 m

3
/s. During the 2013 event, the peak inflow to Travers Reservoir was less than the 

1:1000 year design peak inflow and the reservoir did not reach its full supply level. 
  
Given the above, a careful analysis of the Little Bow River including dam LB1 and up to Twin 
Valley Reservoir and Travers Reservoir is therefore needed to assess whether the higher 
additional inflows into the Little Bow River are sufficiently reduced before they reach Twin 
Valley Reservoir and Travers Reservoir to meet the 1:1000 year criterion. This requires 
insight in the joint probabilities of high rainfall events in the respective Highwood River and 
Little Bow River catchments. 
 

2.5.2 On the flood mitigation measures 

 
For all measures AECOM assumed that a discharge of 750 m

3
/s through High River Town 

can be safely coped with. This assumption is not underpinned. 
 
Considering the peak discharges at Hogg Park shown in Figure 2.6 and the fact that the 2005 
flood is reported to have caused significant damage in High River (appendix F., par. 1.3, page 
3) we cannot ascertain that a peak discharge of 750 m

3
/s in High River Town can be handled.    

We do acknowledge that the railroad and road bridge have formed local bottlenecks and have 
caused significant backwater effect, whereas after the 2013 flood the railroad bridge has 
already been removed. But the road bridge and its abutments still cause a backwater effect. 
Moreover, the AECOM model has not taken these recent changes into account, as far as we 
are able to judge. Adjusting the Muskingum parameters of the AECOM model to take this into 
account is not straightforward, whereas in a full 1D hydrodynamic model this is easy.  
 

2.5.3 On the design conditions 

 
The estimated annual peak discharges at Hogg Park, as given by AECOM (appendix B, table 
3-5) are shown in Figure 2.6. Hogg Park is not an SWC gauging station, and the data have 
been constructed from other stations and curve fitting has been applied. Therefore we cannot 
judge the reliability and accurateness of the figures. 
 

 
Figure 2.6 Annual peak discharges at Hogg Park (from AECOM report appendix B, table 3-5, page 7) 
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Appendix F on the Southern diversion schemes states (Chapter 2, page 5 in the last 
sentence) that the 1 in 100 year flood for the Highwood River was (tentatively) revised from 
750 m

3
/s to 1390 m

3
/s after the 2013 flood. Appendix B on hydrometric data (which would be 

the most appropriate place to explain this) does not mention this.  
It is not unlikely that the previous estimate of the 1:100 year flood of 750 m

3
/s explains why 

AECOM assumed that a flow of 750 m
3
/s in High River Town is acceptable, since design 

conditions are mentioned to be the 1:100 year event.  
 
Although the 1:100 year is mentioned as design condition, only some model results are 
shown for the 2013 event (using the historical rainfall data of 2013). No model results of the 
1:100 year event are found in the report or appendices. It seems model analysis of measures 
is done using the 2013 historical data (see e.g. Appendix P). An explanation could be that the 
AECOM HEC-HMS model is fed by rainfall data, and an analysis of the 1:100 year event 
would therefore require the 1:100 year rainfall design event for the catchment of the 
Highwood River down to High River town, or in fact a stochastic analysis using several design 
events for the various upstream sub-catchments which have a combined probability of 0.01 
(1:100 year return period). 
 

2.5.4 On the evaluation of the flood mitigation measures 

 

The evaluation of alternatives has been done by the described multi-criteria method called 

TBL. This method takes into account many criteria, which is commendable form a broad 

societal perspective. But it is striking that investment and maintenance costs of measures are 

not compared with (avoided) economic damages, and that some kind of societal cost-benefit 

analysis is not part of the evaluation; or even a prerequisite. We retrieved some figures from 

AECOM (2014) and some other reports, just to obtain some sense of ‘order of magnitude’. 

 

As for flood damage, AECOM (2014; Appendix A, Flood damages 2013) mentions that the 

most severe floods in High River Town occurred in 1894, 1899, 1902, 1908, 1912, 1923, 

1929, 1932, 1942, 1995 and 2013. AECOM (2014, Appendix F, Southern Diversion scheme, 

paragraph 1.3, page 3) also states that the floods of 1995 and 2005 caused less damage in 

High River town than the 2013 flood. AECOM Appendix F mentions that the 1995 flood 

damages in High River were estimated at 5.8 million Canadian dollars (1995 dollars) by the 

Alberta Environmental Protection. The damages of the 2013 flood in the town of High River 

were estimated to amount to 79 million Canadian dollars (AECOM, 2014; Appendix A) which 

was financed from Disaster Recovery Program grants. Not only widespread damage to 

residential and commercial building and town infrastructure occurred, but also the town’s 

flood protection works (dikes) and river-related infrastructure were damaged. Additionally 10 

million dollar was requested from the Erosion Control Grant program. Including damages and 

erosion control grants in the ‘MD of foothills’ in the Highwood River basin, total damages in 

the Highwood River basin can thus be estimated at 94 million dollar.   

So the 2013 flood was by far the most severe in terms of damage. But it was also societally 

disturbing, because all 13000 residents of High River were ordered to evacuate on June 20 

2013, whereas three people died. 

Taking all these figures together and considering that the 2013 flood has an estimated  

probability of occurrence of between 1: 100 and 1: 200 and the 1995 flood about 1: 60 to 

1:80, the Expected Annual Damage can with great confidence be estimated to be less than 1 
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million dollars per annum
2
. This would economically justify implementing mitigating measures 

to an amount of only 25 million dollars (or in exceptional cases maximum 40 million).  

 

Considering the cost of the considered measures, AECOM gives no summary of all costs in 

the report. We therefore constructed Table 2.2, based on information drawn from various 

places in AECOM’s main report and the many appendices. 

The investment cost estimate is typically a minimum cost estimate, although contingencies 

have been included. The investment costs estimate does not yet include cost aspects related 

to: 

• utility trench realignment; 

• outlet erosion control measures;  

• trash rack and debris protection measures; 

• ice jam mitigation measures; 

• stream realignment, if required;  

• grout curtain, if required; 

• control structure to house a control gate for each conduit inlet, including access shaft; 

and 

• conduit foundation. 

 

Annual Operation and Maintenance costs are typically estimated as a percentage of the 

investment cost. Typical percentages for various cost components range from 0.5% 

(diversion channel) to 2% (dry-dams). 

 

For convenience, costs of all schemes are given in Table 2.2. For the southern diversions, 

AECOM states that LBR2 is the most feasible and viable option and that other southern 

diversion options can therefore be considered redundant. 

 
 

Table 2.2 Estimated costs of measures 

Measure Investment 

Cost  

(mln Can $) 

Annual O&M 

Costs  

(mln Can $) 

Remark Source 

Dry dam H2 253 5.0  Costs of control structure 

and conduit foundation are 

anticipated to be 

considerable. 

Appendix D, par. 

2.10, page 6-7 

Dry dam H5(2) 392 7.8 Costs of control structure 

and conduit foundation are 

anticipated to be 

considerable. 

Appendix C, par. 

2.10, page 6-7 

Southern 

diversion 

schemes 

    

Scheme LBR1 

 

192  0.6 Also land acquisition and 

costs of environmental 

mitigation, and cost related 

to increased flow (higher 

Appendix F, par. 

3.1.5, page 8-9 

                                                   
2  These two events yield an Expected Annual Damage of 0.55 million dollars, which provides a first estimate based 

on the two most decisive events. From our experience with such calculations we conclude that the total damage risk 

is less than 1 million per year. 
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Measure Investment 

Cost  

(mln Can $) 

Annual O&M 

Costs  

(mln Can $) 

Remark Source 

PMF) in Little Bow River not 

yet included.  

Scheme LBR2 229 Not mentioned See LBR1 remark.  Appendix F, par. 

3.2.6., page 14-16 

Scheme LBR3 - - Not technically viable Appendix F, par. 

3.3.5, page 19 

Scheme LBR4 371 2.0 See LBR 2 remark.  Appendix F, 

paragraph 3.4.5, 

page 21-22 

Scheme LBR5 351 1.7 See LBR2 remark.  Appendix F, 

paragraph 3.5.5., 

page 25-26 

Scheme LBR6 259 1.3 See LBR2 remark.  Appendix F, 

paragraph 3.6.5., 

page 29-30 

     

Local flood 

mitigation 

measures 

50 Not mentioned Preliminary estimate Appendix I, par. 

3.1.3.3., page 6. 

     

Northern Bypass 

options 

    

Option D3 165 0.8 No land acquisition costs 

included 

Appendix E, par. 

3.2, page 10-11. 

Option E 172 0.8  Appendix E, par. 

4.2, page 19-20 

Option  Tongue 

Creek 

221 1.0  Appendix E, par. 

5.2, page 35 

 

 

From these cost estimate figures alone, the viability of the upstream dry dams H2 and H5(2) 

is doubtful. The annual costs for operation and maintenance of these dams are already 

estimated at 5 million and 7.8 million Canadian dollars respectively, much higher than the 

expected annual damage (EAD). The investment costs are estimated to be more than 250 

million Canadian dollars, whereas we already motivated before that the expected annual 

damage would not justify investments above 40 million and certainly no annual maintenance 

costs above 5 million dollars every year. 

 

In cases where the annualised costs of measures by far exceed the annualised avoided 

damages, taking no flood mitigation measures and accepting the damage in case of flooding 

is to be preferred from a rational economic perspective. 
 
Precautionary measures to prevent the damage to increase into the future are of course 
recommendable, i.e. sound hazard-based spatial planning and building regulations. 
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3 Review of Worley Parsons’ report 

3.1 Purpose of the study 

 

The objectives of the Worley Parsons study as stated in their report are: 

 

• To provide the Town of High River and all invested stakeholders with information on 

work being done to restore, enhance or develop flood mitigation infrastructure. 

• To minimize the effects of future flooding events within the Town of High River. 

 

The Worley Parsons study was carried out on behalf of and commissioned by the Town of 

High River. 

 

3.2 Modelling approach and design conditions 

 

3.2.1 Model used 

 

Worley Parsons applied RMA-2 software for 2D hydrodynamic modelling. RMA-2 is a two-

dimensional horizontal finite-element numerical model which solves the Reynolds form of the 

Navier-Stokes equations for two-dimensional turbulent flows. It is suitable for 2D modelling of 

subcritical, free surface flow (see a.o. US Army Corps of Engineers, technical paper TP128, 

Two-dimensional Floodplain modeling, June 1990). Worley Parsons used a version of RMA-2 

that underwent significant updating and development by Ian King, one of the original 

developers, and continues to be refined. 

  

The modelled area is indicated in Figure 3.1. The black area indicates the extent of the 

original model on which it was based; the yellow area is the extension which was 

implemented in order to allow the modelling of the 2013 flood. 
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Figure 3.1 Areal extent of Worley Parsons' model (from Worley Parsons report, par. 2.2.1, page 7) 

 

 

The model increased by approximately 30% in size through the adding of some 1.5 km at the 

upstream southwestern end of the model at Women’s Coulee, as well as the adding of areas 

downstream of the town of High River to the north (along the Highwood River) and to the East 

(along the Little Bow River). 

The spatial resolution used in the model is not explicitly reported. But given the availability of 

a detailed 1x1 m Lidar-based DEM and the relatively small area we assume it is quite 

detailed. 

 

3.2.2 Calibration  

 

The model is calibrated for the 2013 event. The version of the report that we have received 

(March 2014) mentions an average difference of 0.26 m between modelled maximum water 

levels and 371 recorded high water marks (HWM). The modelling in this March version was 

based on an upstream boundary hydrograph with a peak of 1560 m
3
/s (WP report, par. 2.2.1, 

page 7). The WSC estimate of the 2013 peak discharge was later increased to 1820 m
3
/s, 

however. 
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The Worley Parsons report already mentions (page 17) that an increase of the peak 

discharge from 1560 m3/s to 1820 m3/s results in water level changes of up to 20 cm. During 

the November 2014 visit of Hans van Duijne and Frans Klijn to Alberta, Worley Parsons 

mentioned that the model results improved and were very satisfactory when a hydrograph 

with a peak discharge of 1820 m
3
/s at Hogg Park was used. Differences between computed 

maximum water levels and observed high water marks were in the range of 10-20 cm for the 

majority of areas.  

 

The model thus performs very well in terms of reproducing observed maximum water levels, 

at the expense of long computation times (about 2 days). 

3.2.3 Design conditions 

 

The boundary conditions to the model are the estimated discharges at Hogg Park just 

upstream of High River Town. The peak discharge of the 2013 flood wave is taken as 1820 

m
3
/s following the estimates of WSC. 

 

The existing flood defences in the town of High River were designed for a design discharge of 

750 m
3
/s, which was the estimated 1:100 year peak flow until 2013 (Worley Parsons report, 

page 1). Dike design calculations for upgrading the flood defences were consecutively done 

for a peak discharge of 1850 m
3
/s, and typically the new dikes are now designed in such a 

way that they are 1 m higher than the computed water levels for the 2013 flood. 

 

For the river stretch through the town of High River Worley Parsons has shown that the river 

bed has significantly changed over the years due to sediment deposition. They show river 

bed levels for 2011 and 2013 (Figure 3.2) – only 2 years apart. Next, they explain that model 

simulations show that with the 2013 river bed levels, the water levels near the bridge in High 

River Town are 0.50 to 1 meter higher than in 2011 for low flows; while for high flows the 

increase in water level is between 0.05 and 0.40 m.  

These differences are significant, which calls for reluctance to base decisions on hydraulic 

modelling without taking into account foreseeable – but difficult to predict – morphological 

responses of the river. 
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Figure 3.2 Comparison of bed levels for 2011 and 2013 river morphology in High River Town (red=2011, 

blue=2013, green = mode; figure from Worley Parsons’ report) 
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Figure 3.3 2D flood depth map for the 2013 flood event (from Worley Parsons’ report) 
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3.3 Analysed flood mitigation measures 

 

Since the model is a detailed 2D model of the area around the town of High River, only local 

measures in this area are considered and evaluated.  

 

 
Figure 3.4 Overall view of High River town and dikes  
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Figure 3.5 Proposed dike upgrade and bank protection locations  
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Figure 3.6 Flood map result (from Appendix 1 of the Worley Parsons report) after implementation of some 

measures 
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The report mentions a number of philosophies for designing measures. These boil down to: 

1. River maintenance and bank protection: 

a. northwestern bend bank protection near Vista Mirage; 

b. Lineham canal bank protection; 

c. Eagle View dike; 

d. Etc. 

2. Diking: to stabilize and upgrade dikes along the river banks (see Figure 3.5) and to 

deploy fuse plugs to allow flood waters to flow back to the main river as safety 

measure to prevent too deep inundation;  

3. Floodplain storage: 

a. Channel realignment at the railway and road bridge; 

4. Conveyance increase: 

a. At the railway and road bridge; 

b. At Little Bow Floodway (although this is responsibility of the GOA, not of High 

River Town); 

c. Diversions are outside the scope of work by Worley Parsons and the Town as 

stated in the report. However, the report describes that one Northern bypass 

and the Tongue Creek diversion option on the northern side of town are 

investigated. 

5. Early Warning: 

a. Installing stations upstream of Hogg Park to support early warning systems; 

b. The Town is pursuing a siren system for evacuation/flood warning and 

updating its emergency planning procedures.  

6. Public education. 

 

Since the appendix contains no text but just figures, it is not clear which measures are exactly 

included in the post-mitigation flood simulation. Is it the set of measures already taken, or a 

combination of a set of measures already taken and a set of measures in planning?  

 

3.4 Results of the study 
 
The Worley Parsons report is a ‘living document’. The results are therefore continuously 
updated; during the visit of November 2014 a presentation was given by Worley Parsons. 
This presentation compared post mitigation alternatives 27a and 27b with the calibration run 
(2013 event).  
 
The version of the report we have reviewed is of March 2014. In this document mainly ideas 
are shown, and only a few model results. And for the post-mitigation model results shown in 
the report, it is not clear which measures are included and which not. 
 

3.5 Comments 
 

3.5.1 On the model used 
 
As mentioned in the model description of RMA-2, the model is suitable for subcritical free-
surface flow. So supercritical flows and hydraulic jumps are not properly captured by the 
model. When modelling areas with sudden jumps in elevation (quite common in urban areas 
when modelling in detail) and in areas with relatively steep slopes the model results should 
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therefore be interpreted with caution. The Highwood River in High River Town is in a relatively 
less steep part of the river, although still with slopes of more than 1 m per km. With no further 
information available it is not clear whether supercritical flows do occur or not; at least it 
should be a point of attention when applying the model.  
 
The 2D model used is capable of analysing the effect of local measures such as dike 
construction, removing obstacles from the floodplain, and flood diversion channels within the 
model domain indicated in Figure 3.1. 
 
The model is, however, sensitive to geomorphological changes (to gradient, cross-section, 
planform, etc.), which appear to be large in this river stretch and can also be expected to 
respond to measures already implemented or now being implemented. Therefore, the lifetime 
of the modelled flood levels is limited: rather a few years than decades. This limitation is, 
however, not so much model-specific, but rather situation-specific; all detailed hydraulic 
models have limited predictive value in such a morphologically dynamic environment. 
 

3.5.2 On the model calibration 
 

The Worley Parsons report of March 2014 mentions differences between recorded maximum 
high water marks and computation results of approximately 26 cm. This calibration was 
carried out using a first estimate by WSC of 1560 m

3
/s as the peak discharge at Hogg Park. 

Later, the estimate of the peak discharge at Hogg Park was increased to 1820 m
3
/s, and the 

model performs even better: differences between observed and computed water level for the 
2013 event were said to be a few cm only during the November 2014 presentation by Worley 
Parsons. The model thus performs very good in terms of reproducing observed maximum 
water levels, at the expense of long computation times (2 days).  
 

3.5.3 On the flood mitigation measures  

 
Worley Parsons (2013) proposed local measures in High River Town such as bank protection 
and construction of dikes. Some of these have already been constructed; others are now 
under construction or planned. The typical embankment design is understood to be 1 m 
higher than the 2013 maximum water level.  
 
During the visit in November, the representative of Worley Parsons mentioned that removing 
the railway bridge and berm as well as the road bridge and berm would lower the flood level 
in town by about 1 m, according to their modelling. Depending on the costs, this may be a 
sensible measure to seriously take in consideration. This will help to increase the discharge 
capacity of the Highwood River in High River Town such that a flow of 750 m

3
/s can be 

accommodated.  
 
The Highway 2A (Centre St.) bridge, and the Secondary Highway 543 (498 Ave) bridge 
further downstream are constrictions. AECOM (2014; appendix E: Northern Bypass, par. 2-3, 
page 4t) mentions that after discussions with the Town of High River and Worley Parsons, it 
was concluded that a discharge of 750 m

3
/s could be conveyed through High River, with the 

provision that a new Highway 2A bridge is constructed and that the new bridge has sufficient 
span and height to accommodate debris flow.  
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3.5.4 On the design conditions 

 

The simulation results shown suggest that the 2013 flood is being used as ‘the flood to 

conquer’, or as implicit design condition. It would, according to the latest insights, correspond 

to a flood with an exceedance probability of 1:150 to 1:180 per year (see Table 2.1). The 

choice of taking this event as design flood is not underpinned by any social cost-benefit 

analysis or otherwise. 

 

It is recommended to always perform a flood risk analysis on a relevant range of different 

discharges, from 1: 10 to 1: 500, for example. 

 

3.5.5 On the evaluation of the flood mitigation measures  

 
The Worley Parsons report gives no information on costs of measures, sustainability in terms 
of sediment management and erosion control, or environmental impacts. For the dikes in 
town the environmental impacts are most likely small, but for diversions like the Tongue 
Creek diversion an Environmental Impact Assessment would be required. AECOM looked 
into a similar alternative and did take into account such aspects. It is, however, not clear 
whether the AECOM alternatives for Northern bypasses match with Worley Parsons’ northern 
bypass and Tongue creek alternatives. This was not further investigated because the 
northern diversions are no longer considered by AESRD. 
 
Details of the northern diversion or Tongue Creek diversion are not found in the March 
version of the Worley Parsons report we have received. Based on the information in the 
report alone we cannot judge whether these diversions are technically feasible, economically 
justified and environmentally sustainable. 
 
During the visit in November 2014, Worley Parsons presented a southern diversion which 
aims to let part of the discharge to flow over the divide from the Highwood River and into the 
Little Bow River. This was presented as a restoration of the pre-2014 discharge division in 
case a flood of the magnitude of 2013 would occur again. This is called the LB-ENF option in 
Worley Parsons’ presentation. In the last simulations this 27b option results in a slightly lower 
discharge to the Little Bow River than during the 2013 event (490 m

3
/s versus 560 m

3
/s 

during the 2013 flood).  
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4 Comparison and evaluation of the two studies 

4.1.1 Models used 

 

From the previous chapters, it is clear that the models developed by AECOM and Worley 

Parsons are very different: 

- The AECOM model covers the entire basin of the Highwood-Sheep Rivers and is a 

rainfall-runoff event model (HEC-HMS, using SCS), combined with Muskingum 

routing in the main rivers and a few tributaries to compute discharges at a few key 

locations. Rainfall is the principal input for the model. The extent of the AECOM 

model is shown in Figure 2.1. 

- Additionally, AECOM applied a HEC-RAS 1D model in order to analyse the impact of 

the southern diversion scheme LBR2 on the Little Bow River up to dam site location 

LB1. 

- Worley Parsons applied a detailed 2D model for the Town of High River and its 

surroundings. The model extent is indicated in Figure 3.1. The input for the model is 

the upstream inflow, in particular the hydrograph at Hogg Park. 

- The AECOM model was calibrated to reproduce (among others) the Hogg Park flows, 

while the Hogg Park flows are a boundary condition for the Worley Parsons model. 

 

Figure 4.1 shows the whole Highwood River basin and the Little Bow River including Twin 

Valley Reservoir more than 100 km downstream of High River Town, and also the area 

covered by the 1x1 m Lidar data (the 2D Worley Parsons model falls within this area).  

 

 

 

 
Figure 4.1 Basin map  



 

 

 

1210051-000-ZWS-0001, 24 February 2015, final 

 

 

Review of Flood Mitigation Proposals for High River (Alberta, Canada) 

 
31  

 

Aspect AECOM  Worley Parsons  Remark 

Modelling approach Rainfall-runoff model 

Muskingum-Cunge 

routing (0D) 

2D model  

Modelled area Whole Highwood-

Sheep river basin  

High River town  

Spatial resolution ~ 20 sub-catchments not mentioned in report, 

based on the 1x1 m 

LIDAR 

 

 

 

The Worley Parsons model can be used to analyse local measures in and around High River 

Town. The AECOM model, in contrast, is not sufficiently detailed for that, but can be used for 

assessing hydraulic effects of upstream dams (like H2 and H5(2)), as well as the downstream 

effects of diversions beyond the scope of the Worley Parsons area.  

The AECOM model can hence be used to generate adjusted boundary conditions for the 

Worley Parsons model (e.g. for upstream measures, adjusted flow conditions at Hogg Park 

could be derived). As the AECOM model starts with rainfall data, it allows taking into account 

various rainfall distributions which could all result in a 1:100 year flow at Hogg Park, and to 

perform a stochastic analysis on those. 

 

The AECOM model contains Muskingum routing which is a 0D-1D approach, and not a full 

1D or 1D2D model. The Muskingum parameters are calibrated for the 2013 event. However, 

if measures are taken which change the river characteristics by removing obstacles like the 

railroad and road bridge, or reducing room for the river by implementing new dikes or 

heightening existing dikes, the values of the Muskingum routing parameters change. The 

AECOM model should then be recalibrated, but this is difficult. This is a limitation. In case a 

full 1D (or even 1D2D) hydrodynamic model was used, then a simple updating of cross 

sections and structures would suffice to incorporate the effect of these changes; the model 

will calculate new water levels and discharges corresponding to these situations correctly. 

 

4.1.2 Flood mitigation measures 

 

From the description of the models, it is clear that some measures can only be analysed 

using the AECOM model and are beyond Worley Parsons’ model, and for some the opposite 

applies: some local measures in High River can be analysed with the Worley Parsons model 

in detail, but the AECOM model is way too coarse for that. 

 

The Worley Parsons report also explicitly mentions non-structural measures. It is, for 

instance, suggested to install some observation stations upstream of Hogg Park and to use 

these for flood early warning systems. Basically, both rainfall stations and hydrometric 

stations in the upstream area could serve such an early warning system. 

 

4.1.3 Design conditions  

 

The legal guidance for flood protection in Alberta is the 1:100 year flood. For High River 

Town, this has in the past been estimated as being 750 m
3
/s.  
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This value seems to have been used by AECOM as a safe discharge to send through the 

town of High River. All AECOM’s proposals for upstream measures aim to either store or 

divert all excess water above this value. This results in, among other things, AECOM’s 

proposal to divert a very large proportion of the discharge towards and through the Little Bow 

River. It seems that, implicitly, AECOM has adopted the old 1:100 design discharge as 

established for High River, and at the same time has considered the 2013 flood at Hogg Park 

as the design event for their proposals. According to their own report, this has an exceedance 

probability between 1:150 and 1:200 (see Table 2.1). 

 

According to Worley Parsons the discharge which can safely be routed through the town via 

the Highwood River could at present be substantially larger than 750 m
3
/s as a consequence 

of the post-2013 implementation of new embankments and the removal of some of the 

obstacles in the floodplain (especially the railway bridge). The proposals by Worley Parsons 

also take the 2013 flood as the design event to conquer. 

 

Both studies thus focus on the 2013 flood and implicitly consider this as a design event; 

without further arguments. Worley Parsons starts with the discharge at Hogg Park, AECOM 

additionally assumes a maximum safe discharge through the town of High River (which 

according to Worley Parsons is no longer actual). 

 

We would advise to indeed start with the possible discharges at Hogg Park, but then to take 

into account a whole range of possible discharges
3
. In a risk-based approach it can then be 

decided which protection level is feasible (acceptable and affordable), before adopting a 

certain protection level.  

 

4.1.4 Evaluation of alternatives 

 

The measures proposed by AECOM seem to be aimed to reduce the flow through the town of 

High River to 750 m
3
/s, but without further argumentation or underpinning. The measures 

have been evaluated by a multi-criteria approach, using social, environmental en financial 

criteria. This approach allows the measures/proposals to be ranked from most to least 

attractive. This could be considered as a kind of societal cost-effectiveness approach, 

although the intended effectiveness is not made explicit. 

 
However, as the costs cannot be compared to the societal benefits in equal terms (for 
example, the risk reduction achieved by the measures in monetary terms), it is not possible to 
ascertain whether the costs as estimated by AECOM

4
 for investment, maintenance, operation 

and unintended side-effects are justified. So, a societal cost-benefit approach (highest 
societal benefits against lowest societal costs) is not possible. At first sight however, as we 
argued in the chapter on AECOM’s report, the actual damage suffered in and around High 
River (and the risk in terms of Expected Annual Damage: EAD) does not seem to justify the 
high costs of the majority of the AECOM proposals. The Worley Parsons report only 
evaluates the results of measures in terms of reduced flood extent. No cost estimates of the 

                                                   
3  Such an approach would also allow to thoroughly take into account risks of the kind: small probability - large 

consequence.. Such risks are usually connected to large reservoirs and may hence be relevant when dry dams, 

significant discharge diversions and transfer of risk to other areas (Twin Valley reservoir in the Little Bow River) are 

considered. In the current situation, a collapse of the Chain Lakes Reservoir dam might qualify as low probability-

large consequence for High River. 
4  Whether the estimates of costs and consequences of alternatives (e.g. for impacted rural areas) are valid, was not 

within the scope of this review. We base our findings on the data as provided in the reports. 
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measures are provided, nor are the achieved risk reductions expressed in monetary terms. 
This hampers informed decision making. Based on the March version of their report, we 
cannot judge whether the benefits of the proposed measures justify their costs. 

 

Both reports mention the morphological dynamics of the Highwood River. Because of the 

morphological dynamics, the river’s gradient and cross sections can change very rapidly. This 

implies that the discharge capacity of the Highwood River through the town is not stable, but 

can change in response to human interference. The removal of obstacles from the floodplain 

in the centre of the town may not only influence the flow and backwater effect in this stretch, 

but also induce a morphological response. This response may involve changes in the channel 

dimensions (cross section) in constrained sections where scouring may dominate. But also in 

the pattern of pools, ripples and bars in areas with widened floodplain. The whole floodplain 

area needs to find a new (seemingly) dynamic equilibrium, fit for the new floodplain 

dimensions. Such changes may develop gradually, but usually they develop suddenly during 

extreme events. 

 

The morphological dynamics of the river also requires thorough consideration in any decision 

making about interfering with the discharge distribution and/or enhancing the overflow volume 

over the divide between the Highwood River and the Little Bow River. 
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5 Conclusions and recommendations 

5.1 Conclusions 

 

• Neither of the reports takes a risk approach, in which the costs of measures are being 

compared to the reduction of risk achieved. Although we would prefer a risk-based 

approach, the approaches taken in the studies are acceptable in case a clear objective 

has been set. Then the most attractive measure(s) to achieve the pre-defined objective 

may be chosen. 

 

• Both reports seem to have taken as pre-defined objective to safely discharge a flood 

similar to that of 2013. This is an arbitrary choice, which is not motivated or underpinned 

in either of the reports. Whether there lies any risk-based rationale, either economic or 

otherwise (taking into account societal disruption, equitability or sustainability issues, 

etc.) behind this objective remains out of sight. 

 

• AECOM uses a model which is suitable to assess upstream measures and measures 

with significant downstream effects. Worley Parsons’ model, in contrast, is particularly 

suited to design measures in and around the town of High River. 

 

• The measures evaluated by AECOM (2014) require substantial investment costs and 

often also involve high maintenance and operation costs. The cheapest are ‘local flood 

mitigation measures’ (already partly implemented) and northern bypass options (no 

longer to be considered). 

 

• The dry dams H2 and H5(2) are so expensive that the benefits in terms of risk reduction 

are not likely to justify their implementation . 

 

• The diversion schemes LBR1 to 6, of which LBR2 is stated as best feasible option, 

cannot be fully judged, but the costs of their implementation again seem not to be 

justified by their effect in terms of reduced risk along the Highwood River. These 

schemes, moreover, transfer the risk to the Water Supply Reservoirs in the valley of the 

Little Bow River to such a degree as to necessitate building a dry dam in that valley and 

to also adapt a number of roads and bridges (which are not included in the cost 

estimate yet). 

 

• The assumption that the Highwood River cannot safely discharge more than 750 m
3
/s, 

which lies behind the proposed ‘Southern diversion schemes’ of AECOM (2014), seems 

outdated. The post-2013 measures taken in High River may allow a larger discharge to 

be routed through the town (according to Worley Parsons). This means that the basis 

for these schemes which transfer the risk from the Highwood River to the Little Bow 

River is fragile. 

 

• The modelling results of Worley Parsons (2014) for the Highwood River through the 

town of High River suggest that the discharge capacity is already enhanced by 

removing the railroad bridge. This has lowered the calculated flood levels of 

intermediate floods, but not yet of larger floods, which require other obstacles to be 

removed too. 
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• From our visit we have the impression that the discharge capacity through the town can 

be further enhanced by removing other obstacles, such as the bridge and berm of the 

Centre Street N (which may be put on pillars)  Moreover, we advise to remove the 

embankments around and buildings in the development area just north of the bridge 

(‘Wallaceville’), which are already bought and scheduled to be removed in order to 

reduce the damage potential. It may, however, be required to also reshape the channel 

and floodplain by removing raised areas on both sides of Centre Street N to enhance 

the discharge capacity even further and to anticipate morphological adaptation of the 

river itself (preventing that it causes damage or becomes unmanageable). This may be 

explored by some 2D-modelling. 

 

 

As for the discharge distribution, various proposals were made to deliberately send more 

discharge into the Little Bow River to the south and less through the Highwood River. An  

important question relates to which division of the discharge is preferable. This requires an 

assessment of the consequences downstream in the Highwood River and the Little Bow River 

for the proposed divisions; not only for a discharge of 1820 m
3
/s, but for a range of 

discharges.  

 

A more principal question is whether there is any argument for a certain division based on 

‘natural behaviour’. The Worley Parsons proposal to restore the division as it existed before 

the 2013 flood may be understood as  an attempt to approach the ‘natural situation’,. 

However, the discharge division in this pre-2013 situation is by no means ‘natural’, as is also 

acknowledged by the Town of High River. Firstly, the Hoeh Dike has been erected to prevent 

that the Highwood River would change its course into the Little Bow valley more upstream. 

This has been repaired several times in order to effectively influence the flow distribution 

since it was implemented. Secondly, in the middle of the town a road bridge and a railroad 

berm cross the floodplain and choke the floodway. This causes a backwater effect which 

according to Worley Parsons’ simulations in the present situation pushes the flood levels up 

by about 1 m (in the 2013 situation the water could flow away sideways to the south). This 

choking very likely also influenced the discharge division, by pushing the water over the 

divide.  

We may therefore conclude that 550 m
3
/s discharge towards the Little Bow River and 1260 

m
3
/s down the Highwood River is no more natural than any other division. It may thus be 

concluded that no argument for a discharge division can be derived from a ‘natural (pre-

2013) situation’, as that is unknown. Or: any pre-defined and deliberate division of discharge 

at High River Town between the Highwood River and the Little Bow River is arbitrary and 

hence a policy decision. 

 

5.2 Recommendations 

 

In general it can be said that flood risk management not only involves preparedness (flood 

prevention as studied in both reports), but also preparation in terms of forecasting systems 

and evacuation plans, and – in case a flood occurs - proper response (early warning, 

evacuation and rescue) and recovery afterwards. Also spatial planning gives possibilities to 

reduce the consequences of possible floods, by preventing housing developments in flood-

prone areas. 

 

We give no specific recommendations about warning systems or other disaster management 

measures, other than that these are obviously no-regret. Also we do not give specific 
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recommendations on non-structural measures because these are outside the scope of the 

AECOM report, and insufficiently specified in Worley Parsons’ report.  

 

We only go into structural measures aimed at flood mitigation and proposed by AECOM or 

Worley Parsons.  

 

Additionally, we give some recommendations to consider (or investigate) measures which 

came to our minds following our discussions during the excursion through the town of High 

River and its surroundings in November 2014. 

 

• We recommend to not implement any of the dry dams proposed by AECOM (H2 or 

H5(2)) without further economic underpinning, as their operation and maintenance costs 

already seem to exceed the risk reduction achieved. Mono-functional dry dams and 

dikes for flood risk reduction require a more thorough cost-benefit analysis than 

provided. Moreover, we want to emphasize that dry dams can give a false sense of 

safety. When their capacity is exceeded or when they fail through another cause the 

consequences may be disastrous. 

 

• As for the LBR2 scheme proposed by AECOM a similar recommendation applies. This 

too is a very expensive solution which relies on assumptions concerning the maximum 

discharge capacity of the Highwood River through the town of High River which are not 

well-motivated, whereas the solution is not underpinned by a sound risk analysis and 

connected cost-benefit analysis. We find it hard to imagine that the benefits to society 

would justify the huge costs. This measure, moreover, transfers the risk to the valley of 

the Little Bow River, where the downstream consequences may well be larger than the 

consequences along the Highwood River in case the full discharge of the Highwood 

River was to be routed to the north. 

 

• As for the proposal to divert water into the Little Bow as elaborated by Worley Parsons 

(27b), we recommend to simulate how a range of discharges will be divided, since the 

precise division of the discharge is determined by the height of the saddle on the divide. 

A smaller portion (percentage/ fraction) is likely to flow into the Little Bow at lower 

discharges than 1820 m
3
/s and a higher portion at discharges above that of the 2013 

flood. From a robustness point of view a range of discharges needs to be taken into 

account, not just one chosen flood. Worley Parsons communicated that simulations for 

multiple discharges were already planned, which we thus endorse. 

 

• More generally in relation to attempts to deliberately influence the division of discharge 

over two rivers: we recommend that, unless the responsibility for monitoring and 

maintenance is explicitly allocated to a committed institution, one should perhaps not 

fiddle with nature. In the AECOM proposal the desired division would be achieved 

through an engineered control structure. In the Worley Parsons 27a and 27b option the 

morphology of the saddle in the divide will determine how much will flow into the Little 

Bow.  

 

• Each large flood will influence the channel morphology of High River near the apex 

some kilometres upstream, possibly affecting the division further upstream already. This 

may call for recurrent redressing, or otherwise the sustainability of deliberate discharge 

division cannot be guaranteed. 
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• As any deliberate and engineered division of the discharge over Highwood River and 

Little Bow River is arbitrary and hence a policy decision, it is recommended that the 

Town of High River also investigates whether the actual discharge distribution (after 

implementation of the new defences) can be safely discharged through the town.  

 

• In case the proposal to divert water over the divide according to Worley Parsons’ option 

27b (i.e. the Town of High River) would be implemented and the responsibility for its 

maintenance well allocated, we recommend to assure good maintenance of the 

vegetation cover on the saddle, sound monitoring, and vigilance; and perhaps recurrent 

repair. This is essential because the ‘designed division’ may be disturbed by 

retrogressive erosion in the ‘fingers’ (headwaters) feeding into the Little Bow River. 

Although the feeble relief proposed for the fingers in Worley Parsons’ 27b option makes 

us to expect only a slow development of any erosion rills or gullies, large discharges 

through headwaters may cause erosion, ultimately altering the discharge division. 

 

• Irrespective of the question whether the discharge division over the saddle of the divide 

is to be engineered or not, it is recommended to not develop (build) in the floodway and 

flood fringe. It is also recommended to take notice of the fact that both the floodway and 

flood fringe may be subject to relocation and increasing in size due to natural 

morphological developments. Detailed flood hazard mapping may inform such a spatial 

planning policy. 

 

• Against this background it is also recommended to reconstruct the past and monitor the 

future morphological and hydraulic development of the Highwood River from about 

where it leaves its confined valley until where it again enters an incised valley with 

escarpments/ bluffs. In this stretch rapid morphological developments may have 

occurred and might occur again in short time windows during floods. 

 
• A very general recommendation is to always consider the whole catchment, not just the 

town of High River, even if the consequences of the 2013 flood were largest there. 
Especially if a decision were to be taken to implement a deliberate and engineered 
discharge division, this should be based on a sound analysis of the risks as a function of 
probabilities of a range of discharges and all their consequences downstream in both 
valleys. This involves damage to properties, reservoirs, groundwater and ecosystems, 
among other things.  

 

• The simulations by Worley Parsons suggest that the removal of all obstacles from the 

Highwood River in the stretch through the town may lower the flood levels substantially: 

heightening the road bridge and replacing the abutments/berms by a bridge (and 

perhaps reshaping the channel and floodplain) may prove cheap and effective 

measures, which we recommend. If the downstream effects of a larger fraction through 

the Highwood River itself remain small, enhancing the conveyance through the town 

may well prove no regret. It is recommended to also consider removing some dikes 

(around now bought property), moving dikes further backwards where possible (golf 

course), and reshaping the floodplain and channel morphology which will respond to the 

removal of obstacles anyhow. We estimate that Worley Parsons’ model allows a 

thorough analysis of the effectiveness of such options for this particular stretch, both 

individually and in combination. 
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To summarise: 
 
• We recommend to not implement the dry dams or southern diversion schemes as 

studied by AECOM since they cannot be economically justified.  
 

• We recommend to be very reluctant with regard to deliberately drawing more discharge 
into the Little Bow since this may be considered morphologically unsustainable and not 
robust in view of uncertainty about design discharges. Instead we advise to try to further 
enhance the discharge capacity of the Highwood River through the town of High River 
itself by at least removing obstacles and perhaps reshaping (and maintaining) the 
channel and floodplain morphology. 
 

• We recommend to take into account all aspects of flood risk management, not only the 
structural flood mitigation measures but also aspects like warning systems, evacuation 
plans, spatial planning and other non-structural measures

5
. 

 
 

                                                   
5  We acknowledge that the Town of High River has indicated to be working to this end together with the Government 

of Alberta. 
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