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1.0 INTRODUCTION 

Parsons Inc. (Parsons) retained Golder Associates Ltd. (Golder) to provide support related to environmental 
permitting for watercourse crossings associated with construction of the Southwest Calgary Ring Road (SWCRR). 
The construction of the Elbow River Valley crossing will include permanently realigning a portion of Elbow River 
and constructing permanent bridges over the new realignment channel, followed by constructing the roadway over 
top of the original river channel. Construction of the bridges will occur prior to the new channel realignment being 
activated (i.e., while the new channel is dry) and construction of the roadway will occur after water has been 
diverted from the original Elbow River channel to the realignment channel (i.e., when the original channel is dry). 
Because the watercourse crossing works require a channel realignment beyond a distance of 20 m from the 
watercourse crossing, an authorization under the Water Act is required (Alberta Government 2013). This report 
provides an assessment by a Qualified Aquatic Environment Specialist (QAES) of the proposed channel 
realignment of the Elbow River at the Elbow River Valley crossing, as well as specifications to avoid or mitigate 
potential effects on the aquatic environment. 

To support the application under the Water Act to Alberta Environment and Parks (AEP) for the channel 
realignment, the QAES completed the following tasks. 

� A review and summary of previous Environmental Impact Assessment (EIA) report findings for the SWCRR 
(AMEC 2014). 

� A site visit with river water engineers to confirm existing fish and fish habitat conditions, review the channel 
realignment area, and develop concepts to assist with design of the channel realignment to maximize the fish 
and fish habitat value of the constructed channel. 

� An assessment of risk to fish and fish habitat in the Elbow River based on the construction plan and channel 
realignment design. 

The purpose of the QAES assessment was to confirm the current fish and fish habitat conditions in the portion of 
Elbow River that will be abandoned and to provide recommendations to protect fish and fish habitat during 
construction of the realignment channel, diversion of the Elbow River flow into the new channel, and construction 
of the permanent bridges over the realignment channel. 

2.0 PROJECT DESCRIPTION 
Alberta Transportation is constructing the Southwest Calgary Ring Road (SWCRR) between Macleod Trail, south 
of Calgary, and Highway 8, west of Calgary. As part of this work, there will be three new bridge crossings 
constructed over the Elbow River at the Elbow River Valley site, which is located in the Weaselhead area upstream 
of Glenmore Reservoir. The plan includes construction of a channel realignment to provide hydraulic stability 
beneath the bridges, which will also allow for all work over both the new channel and original river channel to be 
conducted while the respective channel is dry. 

The project area at Elbow River Valley is in the northwest quadrant of the city of Calgary, Alberta (Figure 1; 
Table 1). Grey Eagle/Weaselhead Road has an existing bridge across the Elbow River in the proposed SWCRR 
crossing location. The Grey Eagle Casino is approximately 1 Km northeast and the intersection of Glenmore Trail 
and Sarcee Trail is approximately 1 Km north of the proposed bridge location. North of Glenmore Trail and east of 

October 2016 
Report No. 1408663 1  
 



 

ELBOW RIVER VALLEY QAES ASSESSMENT 

 

37 Street SW are densely populated residential districts. To the south and west, the Tsuu T’ina First Nation reserve 
is sparsely developed.  

In the vicinity of the Elbow River Valley site, the Elbow River is identified in the Water Act Code of Practice (AENV 
2001; Alberta Government 2013) as a Class C watercourse with an annual Restricted Activity Period (RAP) from 
May 1 to July 15 and September 16 to April 15. The RAP corresponds with the time period when fish migration, 
spawning, egg incubation, fry emergence or early fry development are likely to occur and represents the time when 
works that disrupt the bed or banks of a watercourse should be avoided to prevent disturbing fish or fish eggs 
during sensitive periods of their reproductive life cycle. 

Table 1: Location of Proposed Elbow River Valley Crossing  

Location 
UTM Coordinates (NAD 83, Zone 11U) Legal Land Description 

Easting Northing Quadrant Section Township Range Meridian 
Proposed 
Watercourse 
Crossing 

698905 5653091 NE 26 23 2 5 

UTM = Universal Transverse Mercator; NAD = North American Datum. 

Activities included in the construction plan that are listed under the Water Act (Province of Alberta 2014, 2015) 
consist of the channel realignment, dewatering of the construction area, and placement of bank armouring in the 
Elbow River channel at the upstream and downstream limits of the realignment channel.  

The channel realignment will result in approximately 960 m of the Elbow River being abandoned and embanked 
for roadway construction. The entire flow of the river will be permanently directed to a newly constructed 1,380 m 
long realignment channel. Three new bridges will be constructed over the realignment channel (Figure 2) prior to 
it receiving diversion flow, and the Elbow River will be filled in to support the SWCRR bridge approaches and 
roadway after the water is diverted to the new channel realignment. 

Dewatering the excavated realignment channel prior to its activation will be required due either to infiltration of 
groundwater or collection of rainfall over the planned one-year channel stabilization period.  

Consultation with relevant First Nations regarding the SWCRR Project has been conducted previously, and this 
information has been submitted to the Aboriginal Consultation Office.  

No contaminated sites have been identified at the Elbow River Valley watercourse crossing site. 

Design drawings of the realignment channel are attached in Appendix A, with bridge design drawings included in 
Appendix B. The hydraulic model results for the Elbow River Valley with respect to the highway bridge opening 
are included in Appendix C.  

Construction will commence in December 2016 with the start of excavation of the realignment channel. The 
channel will be completed by April 2017, at which time the riparian area will be planted. Construction of the SWCRR 
bridges and the Weaselhead Road bridge will occur, in the dry, over the realignment channel in 2017 and be 
completed by April 2018. The realignment channel will be opened and the Elbow River permanently diverted 
outside of the RAP in April 2018. Once diverted, construction of the SWCRR roadway and the Weaselhead Road 
will continue in the abandoned area of the Elbow River, again, in the dry.  

October 2016 
Report No. 1408663 2  
 



 

ELBOW RIVER VALLEY QAES ASSESSMENT 

 

The schedule for completion of the various construction phases of the Elbow River Valley Crossing is as follows, 
with the description of the various construction activities provided in Section 2.1. 

� December 2016 to April 2017 – Realignment channel excavation and construction with fish habitat 
enhancement features. 

� April 2017 – Riparian vegetation planting along the disturbed portion of the realignment channel (except for 
temporary plugs and bridge footprints). 

� April 2017 to April 2018 – Riparian vegetation establishment and monitoring period. 

� April 2017 to April 2018 – Construction of bridges across dry realignment channel, removal of temporary 
plugs, and completion of realignment channel in plug footprints. 

� April 2018 – Riparian vegetation planting of temporary plug and bridge footprint areas. 

� April 16 to 30, 2018 – Window for diversion of flow from Elbow River to realignment channel and sealing of 
Elbow River channel. 

� May 2018 to October 2020 – Infilling of abandoned Elbow River channel and roadway construction. 

Details of the construction works affecting fish and fish habitat in the Elbow River are included below. 
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2.1 Realignment of the Elbow River 
2.1.1 General Realignment Description 
During the 2005/2006 Functional Study phase for the SWCRR, the alignment was developed through an iterative 
process and included extensive stakeholder engagement, minimizing impacts on various components (including 
wetlands) within the Transportation Utility Corridor (TUC).  

The existing river alignment at the Elbow River Valley crossing is considered unstable, as historically the location 
of the main river channel has moved across the entire valley floor. For the safety of the roadway, it was deemed 
necessary to control the instability of the river alignment in the immediate area of the river crossings. In addition, 
the location of the proposed roadways require a realignment of the Elbow River, as the watercourse flows parallel 
to and under the roadway fills. The Functional Study found that a realignment of the river at the south end of the 
Elbow River Valley is the safest and most efficient location to best control the river alignment. Further to this, 
impact to the natural environment will be minimized by locating the Elbow River crossings and associated 
realignment mainly through a narrow corridor of former Tsuu T’ina lands that were historically used by the 
Department of National Defense, minimizing or avoiding disturbance to adjacent natural lands. 

The design for the alignment at the Elbow River Valley includes realigning the Elbow River into a newly constructed 
river channel designed to conform to the form and function of the existing natural channel. The highway bridge 
structures will be constructed over the new alignment channel which will include bank protection features at the 
base of the bridge abutments. 

The bridge openings and realignment channel have been designed to minimize detrimental impacts on the 
hydrotechnical conditions of the Elbow River. As part of the Functional Study (TransTech 2008), hydrotechnical 
issues were examined to provide input to the design of the bridge opening to ensure that it is large enough to 
handle the design flow event, and to ensure lateral erosion does not adversely affect the bridge, roadway or 
adjacent, natural portions of the Elbow River. The piers associated with the bridge designs will not be located 
within the active river channel (i.e., located above the normal high water line and will not be within the edges of 
the water under normal flow). Piers and abutments will be located in the river floodplain, whereas there are no 
appreciable amounts of fill in the floodplain under existing conditions. The bridge structure openings have been 
sized and protected so that over the design life of the structures they do not restrict, impede or deflect watercourse 
flow or cause unacceptable level of flooding on neighbouring flood sensitive lands and developments (Appendix 
C). Erosion protection will be provided in the realignment channel at the channel entrance, at the outside bend in 
the channel, and along the downstream end of the realignment to control and limit any erosion impact to the 
channel or downstream river.  

2.1.2 Realignment Plan  
The construction plan is to build the realignment channel in isolation from the flow of the Elbow River over winter 
2016/2017. In early spring (April) 2017, the riparian area for the realignment channel will be planted with native 
vegetation and will have until April 2018 to grow before opening the realignment channel in spring 2018 and 
diverting the river flow into the channel. The realignment channel will have similar flow conveyance (i.e., designed 
to carry at least the 1:2 year flow event) and will be of similar gradient to the portion of the Elbow River that will be 
abandoned. This will also allow for development in the realignment channel of similar instream habitats, water 
depths, velocities and fish passage characteristics as the portion of the river that will be abandoned. The 
watercourse crossing design includes a Channel Enhancement Plan (CEP) by which the realignment channel will 
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be enhanced with fish habitat features similar to the portion of the Elbow River that will be abandoned that are 
suitable to support local fish populations (Appendix A). The objective of the CEP design is to provide habitats 
within the constructed realignment channel that maintain the quantity and quality of productive fish habitat at a 
level that is at least equivalent to the portion of the existing river channel that will be abandoned, with emphasis 
on habitat characteristics preferred by trout species, meeting the guideline of no-net-loss.  

The realignment channel will not be activated until spring 2018, allowing for growth of riparian vegetation that will 
be planted following completion of channel construction in spring 2017. During this time, bridge construction will 
be completed over the dry realignment channel. After the river flow is diverted to the realignment channel, 
construction of the bridge approaches and roadway will be completed over the abandoned portion of the Elbow 
River. In this way, no instream work is planned for crossing construction within the channels (i.e., below the normal 
high water line) of the realignment channel or the original Elbow River channel while either contains flowing water. 
Minimal instream work is planned for armour placement for areas of the Elbow River at the upstream and 
downstream limits of the channel realignment where there is scour potential and will be completed within the active 
channel, as described below.  

Channel realignment construction is described below in three phases: construction of the realignment channel, 
revegetation of disturbed riparian areas, and diversion of the Elbow River. Other construction near the Elbow River, 
including the highway bridges, is also described below.  

2.1.3 Construction of the Realignment Channel 
The realignment channel construction will commence in December 2016 and be completed in or by April 2017. 
Prior to commencing equipment operations, Best Management Practices (BMPs) will be in place and erosion and 
sediment control measures will be installed onsite and maintained throughout the construction period. Spill 
response kits will be kept and maintained at the worksite and all equipment will be inspected and cleaned of any 
invasive species or deleterious materials prior to mobilization. 

The work area and stripping limits will be clearly marked out to minimize the extent of disturbance and ensure 
vegetation is not unnecessarily removed. Clearing, grubbing, and stripping operations for the channel realignment 
area will be performed using excavators, haul trucks, dozers, chippers or mulchers, and loaders. Wherever 
possible, existing vegetation will be left in place at the top of bank of the realignment channel to minimize the need 
for revegetation of the riparian area and maintain mature vegetation along a portion of the new channel. 

All topsoil from the excavation area will be temporarily stockpiled above the high water line, away from both the 
existing and the new river alignments. The topsoil will be replaced on final grades for reclamation/revegetation 
upon completion of earthworks. Remaining excavated materials will be temporarily stockpiled in the same manner, 
and used following flow diversion to infill the portions of the abandoned river channel that are not located within 
the roadway foundation/footprint.  

The realignment channel will be constructed using excavators, haul trucks, and dozers. The new channel will be 
excavated in the dry and isolated from the Elbow River by earthen end-plugs, which will be left in place at the 
upstream and downstream extent of the excavation. In addition to the end-plugs, temporary earthen plugs will be 
left in place in the new channel, as required, to facilitate equipment crossings/placement for permanent bridge and 
Weaselhead Road construction (Figure 2). The temporary plugs will be removed following construction of the 
bridges over the realignment channel, and construction of the new channel at the temporary plug locations will be 
completed.  
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Armouring will be installed as part of construction of the new channel for permanent scour protection at high 
velocity scour areas. Smaller rock material will be used for establishing the substrates for the riffle and run habitats 
included in the CEP design for fish.  

2.1.4 Revegetation of Riparian Zone 
Construction of the channel realignment includes revegetation of the riparian zone (bank and upslope areas above 
the high water line) as well as in-channel bioengineering features (below the high water line) that are included as 
part of the CEP (Section4.2.1). Following completion of channel construction, the riparian zone of the new channel 
(bank and upslope areas) will be revegetated in spring (April) 2017, except for locations where the existing 
vegetation was left in place during construction to eliminate the need for revegetation, as well as under the bridge 
footprints and at the temporary plug locations where further construction activities will occur. The riparian zone 
under the bridges and at the temporary plug locations will be revegetated following completion of bridge 
construction in spring 2018. 

Plantings and bioengineering will be regularly inspected and fully maintained for one year (i.e., April 2017 to April 
2018) to allow for plant establishment prior to the realignment channel receiving flow. This will minimize the 
potential for bank erosion and maximize the potential filtration ability of riparian vegetation should sheet erosion of 
the construction area occur. Monthly inspections of the plantings will be conducted to identify the percent plant 
survival rate. Additional planting will occur, as required, to achieve the minimum survival rate. Details of the riparian 
planting plan can be found in Section 4.2.2. 

2.1.5 Diversion of the Elbow River 
Following the riparian vegetation and bioengineering establishment period, the realignment channel will be 
reviewed by Project engineers and fisheries biologists to confirm design criteria specifications and fish habitat 
components included in the CEP. During all in-stream work required to complete the flow diversion, a QEAS will 
be on-site to confirm regulatory compliance and provide environmental protection advice. 

All instream work associated with diversion of the river flow to the new alignment channel is planned to occur 
outside the RAP (i.e., commencing no sooner than April 16, 2018 and completed on or before April 30, 2018). No 
instream construction activity will occur within the RAP unless approval has been granted by the onsite QAES and 
the appropriate regulatory agencies. To complete the flow diversion, both earthen end-plugs in the new channel 
will be removed, starting from the downstream end and followed by the upstream end, allowing flow temporarily 
through both the realignment channel and natural channel. Removal of the upstream plug will start from the ground 
level and work towards the river bed to minimize the mobilization of erodible material once working below the water 
level.  

Fish rescue (salvage) operations will be conducted as part of completing the channel realignment (Section 4.2.5), 
both before and during dewatering of the existing river channel. Fish rescue will be conducted prior to commencing 
the diversion to minimize the number of fish present in the section of river to be abandoned. During the diversion 
works, fish rescue will commence concurrently with removal of the first plug and continue until the existing Elbow 
River channel is dewatered. Earth berms made of native material will be installed at the upstream and downstream 
ends of the section of river channel to be abandoned to divert all flow into the realignment channel and seal the 
existing channel. The plugs will be installed starting at the upstream end, allowing fish to move to the downstream 
river channel out of the abandoned channel as water levels decline. This phased approach will minimize the 
duration and magnitude of sediment released to the Elbow River downstream of the realignment channel during 
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flow diversion, as well as minimize potential fish mortality from stranding. Channel connectivity is expected to be 
maintained at the crossing location at all flow stages. 

Plug removal in the realignment channel and installed in the abandoned channel will be conducted from the river 
banks using excavators. 

Once the abandoned channel is sealed, remaining water will be removed and the channel will be embanked for 
future roadway construction. Water removed from the abandoned channel will be pumped to a vegetated buffer to 
prevent suspended sediment from entering the river.  

Bank armour installation will occur at the inlet and outlet of the realignment channel in the wetted area of the Elbow 
River to stabilize these areas and provide scour and erosion protection. This work will also occur outside of the 
RAP. 

Any areas disturbed during construction that are outside of the permanent roadway features will be revegetated 
by seeding and planting to match pre-construction vegetation conditions as much as possible. All waste, debris 
and unused materials will be removed from site and properly disposed of. 

2.2 Other Works Near the Elbow River 
Three bridges will be constructed over the realignment channel: one each for traffic heading northbound and 
southbound on the new Ring Road and a new bridge for Weaselhead Road (Figure 2). The bridge drawings are 
included in Appendix B. As described, construction activities will occur outside of the channel and wetted area of 
the existing Elbow River until after the diversion occurs, at which point construction in the abandoned portion of 
the Elbow River will commence.  

Access roads will be required during construction and will be placed in the planned disturbance area within the 
Transportation Utility Corridor (TUC) with no additional disturbance required. Laydown areas will also be placed 
within the planned disturbed areas.  

Hazardous materials to be present at the construction site consist of fuel, oil, and grout, which will be required for 
equipment operation or construction purposes near and in the realignment channel, however, these materials will 
not be stored within 100 m of the Elbow River or the alignment channel. Containment requirements for the storage 
areas will be determined by the onsite QAES once the specific storage sites are identified and examined. The use 
of grout for bridge construction purposes will occur prior to when the alignment channel is activated and will have 
time to properly cure prior to water entering the channel. Equipment used on site will be inspected and maintained 
free of leaks and will be washed free of dirt, mud, oil, vegetation and debris both before and after accessing the 
work site to prevent deleterious substances from being deposited in the channel that could enter the river once 
the channel is activated, and to prevent the transfer of invasive biota. Equipment washing will occur at least 100 
m from the Elbow River or the alignment channel and wash water will not be allowed to enter either channel. 
Whenever possible, biodegradable oils and lubricants will be used in equipment working in or near the alignment 
channel. 

It will be necessary to clear vegetation from most of the realignment channel work area as well as the bridge 
construction work areas. Vegetation clearing will be kept to a minimum and, wherever possible a vegetated buffer 
will remain between the construction site and the Elbow River while it still contains water. Trees will be hand felled 
towards land when clearing within 30 m of the Elbow River. Merchantable timber will be salvaged and any trees 
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or shrubs identified for use as in-channel features (e.g., root wads or large woody debris) will be salvaged. All 
other vegetation will be mulched and/or removed from site. 

2.3 Construction Contingency Plan 
Should construction delays occur that prevent diversion of the Elbow River flow outside of the planned timing 
window (April 16 to 30, 2018), the diversion and associated instream works will be delayed until the next available 
window outside the RAP (i.e., delayed until July 16 to September 14, 2018). Diversion works will not commence 
late in the open window if it is not reasonably expected to be completed outside of the RAP.  

During construction the realignment channel will remain sealed from the existing Elbow River by an earth plug of 
native material left in place. This plug will be the existing bank height and will be thick enough to prevent the Elbow 
River from entering the channel during typical flow levels. If 2017 flow levels during the spring freshet, or due to 
rainfall events, are high enough to overtop the bank plug and the excavation for the realignment channel is flooded, 
a fish rescue will be conducted within the excavation, once flood waters have receded. The excavated channel 
will then be dewatered by pumping the water to a vegetated buffer, and repairs to the constructed channel and 
riparian vegetation plantings will be completed as necessary 

Should diversion works be underway and delayed by an unforeseen event (e.g., significant mechanical failure or 
longer than anticipated weather delay) and the diversion is not completed when the RAP commences, continuing 
work within the RAP will be dependent upon approval of the onsite QAES and the appropriate regulatory agencies.  

3.0 DESCRIPTION OF THE AQUATIC ENVIRONMENT 
3.1 Assessment Methods 
Fish and fish habitat information for the Elbow River Valley location was previously included in an Environmental 
Assessment report prepared by AMEC (2014), which was reviewed and summarized below. As well, existing fish 
inventory information was confirmed based on the AEP Fish and Wildlife Management Information System 
(FWMIS) database, accessed on August 29, 2016 (AEP 2016a). The RAP was determined based on the Water 
Act Code of Practice maps (AEP 2012). Fish species known to inhabit the area were then checked to determine 
their current status under the Committee on the Status of Endangered Wildlife in Canada (COSEWIC), the Species 
at Risk Act (SARA) (Government of Canada 2016), and/ or the Species at Risk program in Alberta (AEP 2016b). 

The Environmental Assessment report included a benthic invertebrate assessment, which is also summarized 
below. Benthic invertebrates are an essential component of the aquatic environment, provide an important source 
of food for fish and are typically used for aquatic monitoring programs. 

3.1.1 Fish and Fish Habitat 
Fish and fish habitat information was collected at the Elbow River Valley site in spring of 2006 and 2014, as 
outlined in Table 2.  

Available historical information for the Elbow River Valley was considered sufficient to supplement the spring 
survey data in supporting the Environmental Assessment. The 2014 spring survey was conducted to document 
fish habitat conditions following the June 2013 floods. No spawning surveys have been completed for the Elbow 
River Valley site; however, spawning surveys are planned for fall 2016 and will be provided as a supplemental 
update to this QAES report. The potential for spawning to occur at the site was evaluated based on current habitat 
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conditions (suitable water depth, velocity and substrate characteristics) so that similar habitats could be included 
in the CEP design. 

Table 2: Summary of Fish and Fish Habitat Sampling Activities at Elbow River Valley 

Watercourse or Waterbody 
2006 2014 

Spring Summer Fall Winter Spring 
Elbow River  - - -  

- = Not sampled. 
Field Sampling Activities: 
 Habitat Mapping and Channel Dimensions  
 In-situ Water Quality Field Parameters. 
 Fish Inventory. 
 Benthic Invertebrate Community Sampling. 

Fish habitat assessments were conducted according to the Alberta Code of Practice for Watercourse Crossings 
(AENV 2001) and Alberta Transportation’s Fish Habitat Manual (AT 2001). Eight transects in the Elbow River 
Valley were completed at evenly spaced intervals in the section of river planned to be abandoned, as well as 
upstream and downstream of the section.  

3.1.2 Benthic Invertebrates 
Benthic invertebrate sampling was completed at the Elbow River Valley site in spring 2006 (Table 2). Samples 
were collected at four sites: one site upstream of the crossing location, and three sites downstream of the crossing 
location (i.e., between the crossing and Glenmore Reservoir) (Figure 3). Sites were selected to have similar 
habitat, such as substrate type, depth, and current velocity, to minimize the effects of natural variability. 

Five replicate samples were collected at each site using a Neill cylinder with a 0.1 m2 bottom area. Other, routine 
measurements and observations were also collected as recommended by Alberta Environment (AENV 1990). All 
samples were collected at the downstream end of riffle habitat, where the minimum sampling depth for the Neill 
cylinder (25 to 30 cm) was available.  

Laboratory methods for the analysis of the benthic invertebrate samples met the standards outlined in Alberta 
Environment (1990) and Environment Canada (1993). Data were analyzed with the use of several statistical tests 
to be used to describe the benthic community. For a detailed discussion of statistical tests, please see AMEC 
2014, Appendix 3.10C (Benthic Invertebrate Methods). 
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3.1.3 Supplemental Field Assessment 
Golder completed a supplemental field assessment on August 18, 2016 to examine the proposed bridge crossing 
site, to review fish habitat in the area of the Elbow River that will be abandoned relative to the results of the 2014 
survey, and examine the terrestrial habitat where the realignment channel will be constructed.  

AMEC completed habitat mapping for the Elbow River crossing in 2014 (Figure 4, Figure 5, and Figure 6) and 
these maps were ground truthed by two Golder QAES. The area surveyed in the map was compared to current 
habitat conditions to confirm no significant changes have occurred since the 2014 surveys. It is important to note 
that AMEC completed additional habitat mapping in 2014, after the July 2013 floods, and adjusted assessed 
impacts based on the newer data.  

3.2 Assessment Results 
The review of fish and fish habitat information for the Elbow River is based on AMEC Environment & 
Infrastructure’s Environmental Assessment for the SWCRR, which was updated in 2014 (AMEC 2014), and the 
supplemental field assessment conducted by Golder in August 2016. 

3.2.1 Fish Species Presence 
Historical information indicates the presence of 14 fish species in Elbow River; including nine sport fish, two sucker 
species and three forage fish species. Fish species present in the study area from inventory studies completed in 
2006 did not identify any new species in the project area. During a spring 2006 survey, the most abundant species 
captured in the vicinity of the crossing site were Mountain Whitefish (77.6%). Brown Trout (5.6%), Longnose 
Sucker (5.6%), White Sucker (5.6%), Cutthroat Trout (2.8%) and Rainbow Trout (2.8%) were found in lower 
numbers.  

Additional sampling was carried out in an old oxbow to the Elbow River. Nineteen Brook Stickleback were caught 
in the oxbow, which has no direct connection to the Elbow River now nor was it connected in AMEC’s 2006 or 
2014 surveys. These stickleback were thought to be stranded in the oxbow as a result of flooding during high flow 
conditions and are an isolated population. 

The FWMIS database indicates the presence of 14 fish species within a 5 km search radius of the project 
(AEP 2016a), including nine sport fish species, two sucker species, and three forage fish species. Table 3 
summarizes the fish species documented to be present, as well as the provincial and federal designated status. 
None of the identified fish in the study area have status under SARA, but Bull Trout are identified as “special 
concern” and Cutthroat Trout are identified as “threatened” by COSEWIC (Government of Canada 2016). Bull 
Trout are listed as “sensitive” and Cutthroat Trout are listed as “at risk” under the Species at Risk program in 
Alberta (AEP 2016b).  
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Figure 5: Elbow River Habitat Map - Upstream Section (AMEC 2014) 
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Table 3: Fish Species Documented Within the Elbow River and Provincial and Federal Designated Status 
Guild Common Name Scientific Name General Status of Alberta Wild 

Species(a) 
COSEWIC 
Status(b) 

SARA 
Status(b) 

Sport fish 

Brook Trout Salvelinus fontinalis Exotic/alien - - 
Brown Trout Salmo trutta Exotic/Alien - - 
Bull Trout Salvelinus confluentus Sensitive Special Concern No Status 
Burbot Lota lota Secure - - 
Cutthroat Trout Oncorhynchus clarki At Risk Threatened - 
Mountain Whitefish Prosopium williamsoni Secure - - 
Northern Pike Esox Lucius Secure - - 
Rainbow Trout Oncorhynchus mykiss Secure - No Status 
Yellow Perch Perca flavescens Secure - - 

Non-sport fish 
Longnose Sucker Catostomus catostomus Secure - - 
White Sucker Catostomus commersonii Secure - - 

Forage fish 
Brook Stickleback Culsea inconstans Secure - - 
Longnose Dace Rhinichthys cataractae Secure - - 
Spottail shiner Notropis hudsonius Secure - - 

Source: (a) AEP (2016b); (b) Government of Canada (2016). Note: - = not listed. 

3.2.2 Fish Habitat Conditions 
The Elbow River flows in a tortuous, meandering pattern through the surveyed area in a channel that is frequently 
confined by erodible valley walls composed primarily of fine materials. Within the surveyed reach, Class 3 Runs 
(33%; low depth), Class 2 Runs (25%, moderate depth) and riffles (28%) were the dominate channel unit types, 
followed by Class 1 Runs (11%, deep) and Class 1 (4%) pool. The maximum water depth measured at the time of 
the survey was 1.5 m, with an average channel width of 55.7 m and an average wetted width of 36.1 m. Stream 
bed composition consisted primarily of small cobble (34%), and large gravel (31%) followed by large cobble (12%), 
fines (10%), small gravel (9%) and boulder (4%). Fish cover was provided primarily by water depth, surface 
turbulence and large woody debris.  

In the section of channel to be abandoned due to the channel realignment, the habitat is similar to the habitat 
identified within the reach overall. The channel is dominated by run habitat with some riffle and pool sections with 
moderate depth and a measured maximum depth of 0.76 m. The channel is approximately 57.1 m wide with a 
wetted width of 28 m. The bank materials on the right downstream bank (RDB) were composed of fines, gravels 
and boulders and the riparian habitat consisted of grasses, shrubs and deciduous forest. The bank materials on 
the left downstream bank (LDB) were primarily composed of fines and gravels and the riparian vegetation 
consisted of grasses, shrubs and deciduous trees. The sloping to vertical banks were considered largely unstable 
and ranged from 0.6 m to 2.0 m in height. Substrate composition in the area consisted mostly of small cobble and 
large gravel with large cobble, small gravel and some boulders present.  

Measured field water quality included a water temperature of 13.3°C, dissolved oxygen of 9.23 mg/L, pH of 8.26, 
and specific conductivity of 340 microSiemens per centimetre (µs/cm). 
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3.2.3 Fish Habitat Utilization 
Based on the results of the field assessments, all species of fish listed in Table 3 are likely present in the project 
area.  

The identified habitat units in Figure 5 and Figure 6 provide suitable rearing and feeding habitat for a variety of fish 
species and life stages. Suitable salmonid spawning habitat was observed throughout the surveyed reach in the 
riffle and Class 3 run sections that contained large gravel and small cobble with adequate depth and flows 
(AMEC 2014). Suitable spawning habitat for sucker species, Class 3 run habitat, was observed throughout the 
surveyed reach (AMEC 2014) and some potential trout spawning habitat (riffles and Class 3 run habitats with 
gravel substrate) were also present. No spawning surveys have been completed for the SWCRR project, however, 
spawning surveys are planned for the Elbow River Valley site in fall 2016 and will be the subject of a supplemental 
report to AEP. 

The oxbow that was sampled and found to have brook stickleback is not a source of productive fish habitat as it is 
not connected to the Elbow River. Fish in the oxbow are likely limited to isolated populations of forage fish that 
become stranded in the oxbow during high flood events and are able to survive for a period of time isolated from 
the river. There is a chance that other fish species may be present in the oxbow after significant flood events, but 
likely survive in isolation for only a limited period of time as there is a lack of overwintering habitat (AMEC 2014).  

Sport Fish Habitat Preferences 
Mountain Whitefish prefer clear, cold water and large deep pools (Nelson and Paetz 1992). Mountain Whitefish 
spawn in the fall or early winter and generally prefer to inhabit lakes and larger streams. They are broadcast 
spawners that prefer rocky substrates free of silt and generally prefer large gravel to small cobble substrates for 
spawning. 

Rainbow Trout and Brown Trout require similar habitat characteristics (Nelson and Paetz 1992). Rainbow Trout 
prefer stretches of cool, oxygen rich, swift flowing water. Brown Trout are more tolerant of turbidity than most trout 
and generally occupy deep pools and runs in rivers. Both species spawn in clear, cold water, with relatively silt-free 
rocky substrates, in riffle-run areas. Brown Trout spawn during mid to late fall and Rainbow Trout spawn during 
spring. Bull Trout generally occupy pools, deep runs, and backwater areas (Nelson and Paetz 1992) and spawn 
in the early fall, generally in small creeks. Brook Trout are generally found in pool habitat with low water velocities 
and spawn in fall, usually over gravel beds in shallow streams or gravelly shallow area of lakes (AMEC 2014). 
Cutthroat Trout prefer riffle-pool complexes near bank cover often found on the upstream ends of pools 
(AMEC 2014) and spawn in spring in small gravelly tributary streams. For all of these trout species, the females 
construct redds in clean, gravel substrates. 

Burbot prefer to occupy boulder habitat in riffles and in the main channel of rivers (Nelson and Paetz 1992). Burbot 
spawn in pools or flats habitat under ice in winter and early spring. Preferred spawning substrate includes gravels 
and fines. 

Northern Pike generally inhabit low velocity areas in backwaters and pools (Inskip 1982). Spawning occurs in 
spring, shortly after ice off, and migration to the spawning grounds can begin before all ice has melted. Spawning 
occurs in calm waters over vegetation, including flooded terrestrial and aquatic vegetation. 

Yellow Perch spawn in the early spring after break up in shallow, sheltered vegetated areas. Rearing habitat is 
generally in the shallow and vegetated areas of lakes, but can occur in rivers as well (Joynt and Sullivan 2003). 
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Non-Sport Species Habitat Preferences 

White Sucker adults prefer pool habitat with slow to moderate flow, while juveniles prefer shallow backwaters or 
riffles with moderate flow (Twomey et al. 1984). Longnose sucker is well adapted for higher current velocities. Both 
species spawn in the spring and are broadcast spawners, spawning over clean gravel and cobbles within riffle 
areas. 

Forage Fish Habitat Preferences 

Longnose Dace prefer higher current velocities in riffle habitat. Longnose Dace spawn between May and August 
and create a territory and spawn in rocky substrates. Brook Stickleback prefer low velocity pools and backwaters 
of creeks and small rivers and have a high tolerance for low oxygen concentrations. Brook Stickleback spawn in 
spring to early summer in shallow waters over aquatic vegetation. Spottail Shiner prefer large rivers and generally 
occupy shorelines; spawning is in the spring. 

3.2.4 Benthic Invertebrates 
Benthic invertebrate samples were collected by AMEC (2014) from sites upstream and downstream of the Elbow 
River Valley site (Figure 3). A total of 55 taxa were identified in the Elbow River during the spring survey. Four 
taxa individually accounted for more than 10% of the total invertebrate density: 

� the mayfly Baetis sp. (average 16.2%); 

� the mayfly Ephemerella sp. (average 10.8%); 

� early nymphs of mayfly family Heptageniidae (11.7% at one location); and 

� midge larvae of the subfamily Orthocladiinae (average 47.7%). 

Other taxa present and their average relative abundances across the four sample sites included Nematoda 
(roundworms, 0.7%), Acari (water mites, 0.2%), Heptagenia sp. (mayfly, 0.9%), Rhithrogena sp. (mayfly, 3.4%), 
Diamesinae (midges, 0.3%), Tanytarsini (midges, 0.7%) and Simuliidae (blackflies, 1.9%). Mean total invertebrate 
density ranged from 9,210 to 19,834 organisms/m2, with the density of common invertebrates ranging from 8,392 
to 18,824 organisms/m2, and the percentage of common individuals ranging from 91% to 95% of total 
invertebrates. The total taxa at each site ranged from 32 to 45, common taxa ranged from 6 to 9, and the 
percentage of the total taxa represented by the common taxa ranged from 17.1% to 20.0%.  

At the site closest to the crossing location, Baetis sp., Ephemerella sp., and Orthocladiinae represented more than 
10% of the total invertebrate density, while Rhithrogena sp. and Heptageniidae (early nymphs) were subdominant 
with greater than 5% representation. Nematoda and Acari were present at 1.2% and 1.0%, respectively. 
Heptagenia sp., Diamesinae, Tanytarsini, and Simuliidae were all present at less than 1% of total density. This is 
very similar to the overall trend in relative abundance among all sites. 

The low invertebrate densities and dominance of true flies (Diptera) and mayflies (Ephemeroptera) at each site is 
likely characteristic of the habitat type sampled (erosional), combined with early spring community characteristics 
and signs of winter stress, which can reduce the density, number of taxa and diversity, compared to typical 
communities present during late summer and fall. 
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Additional information, including the number of benthic invertebrates in each replicate sample can be found in 
AMEC 2014, Appendix 3.10E (Biological Data). 

3.3 Habitat Map Ground Truth 
The habitat map from AMEC 2014 (Figure 5 and Figure 6) was ground truthed to confirm there were no significant 
habitat changes since 2014 work was conducted. The AMEC 2014 habitat map and resulting habitat types and 
relative abundance were used as the basis for design of the Channel Enhancement Plans and fisheries 
enhancements for the channel realignment. 

In general, there was very little difference observed between the 2014 (AMEC) habitat map and conditions 
observed on August 18, 2016. Habitat information collected to date is sufficient for calculating the quantity fish 
habitat lost to construction by habitat type. Photographs of current site conditions are provided in Appendix D.  

4.0 POTENTIAL IMPACTS TO FISH AND FISH HABITAT AND 
ASSOCIATED MITIGATION MEASURES 

The summary of potential impacts to fish and fish habitat for the Elbow River is based on AMEC (2014). 

In general, all fish species identified in the project area and all life stages could be affected by the proposed 
construction due to activities conducted within the Elbow River channel and the abandonment of a portion of the 
existing river channel. The proposed realignment channel has been designed to mitigate potential impacts to fish 
and fish habitat by providing similar habitat to the portion of the Elbow River that will be abandoned and also 
provide some improvement to the types of habitat available relative to habitat preferences of trout species.  

Benthic invertebrates could also be affected by the proposed works. The realignment channel will also provide 
similar habitat for benthic invertebrates.  

4.1 Potential Effects and Mitigation Measures 
There are four potential effects to fish and fish habitat in the Elbow River with the construction of the realignment 
channel and diversion of the Elbow River into it:  

� release of deleterious substances; 

� alteration and destruction of fish habitat in the Elbow River; 

� changes to channel morphology with flow moved from the Elbow River to the realignment channel; and 

� flow disruption or blockage of fish passage. 

Of the predicted effects, the release of deleterious substances, alteration or destruction of the habitat in the Elbow 
River, and changes to channel morphology could also affect benthic invertebrates. Deleterious substances could 
alter the community structure or result in a significant increase or decrease in density. Alteration or disruption of 
habitat, including channel morphology changes, can result in benthic mortality or increased drift. 

4.1.1 Release of Deleterious Substance 
Sediment mobilization from construction activities or operation is the chief concern with respect to deleterious 
substance release. Sediment may be released during instream works, via exposed bank erosion, and via surface 
water runoff from access roads or exposed construction areas. The downstream extent of sediment transport will 
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vary with the flow and extent of the erosion. If significant, suspended sediments could affect fish feeding behaviour 
or fish health and can be deposited in potential spawning gravel affected their suitability for use. 

Improper storage of hazardous materials, spills, equipment leaks and use of concrete/grout materials are also a 
potential for deleterious substance releases during construction.  

Mitigation Measures to Prevent Release of Deleterious Substances 
The only instream works to be conducted for the Elbow River Valley channel realignment is the diversion of water 
from the Elbow River into the realignment channel and minor placement of scour protection armouring at the 
upstream and downstream limits of the realignment channel. As specified by AEP (Alberta Government 2013) and 
Fisheries and Oceans Canada (DFO 2016), instream works associated with the diversion of flow from the Elbow 
River into the realignment channel will be completed outside of the RAP to avoid the period when sensitive life 
stage activities are occurring in the river (i.e., migration, spawning, egg incubation), as described in Section 2.1.5. 
Care will be taken to minimize erodible materials that could mobilize sediment to the Elbow River during the 
upstream and downstream plug removal as well as berm construction to seal the existing river channel from flow. 
Banks will be protected by leaving a vegetated buffer in place wherever possible.  

Mitigation measures to prevent erosion or sediment mobilization during the construction of the realignment channel 
are summarized here and in Figure 7, with further mitigation measures used for near water work summarized in 
Section 4.2.3. Mitigation measures specific to erosion and sediment mobilization during the Elbow River diversion 
and construction of the permanent bridges include the following items. 

� The realignment channel will be excavated and constructed in the dry and earth plugs will remain in place to 
isolate the constructed channel from the Elbow River until the RAP is over and crews are prepared to divert 
flows. 

� Scour protection will be used in the realignment channel to protect high velocity areas from erosion and 
sediment mobilization in the channel to the downstream Elbow River. Armouring will be appropriately 
designed to prevent scour (Section 4.2.1 and Appendix A). 

� The berm to seal off the Elbow River and direct flows to the realignment channel will be constructed of non-
erodible, native material and/or protected from erosion. 

� Stockpiles will be kept out of any watercourse and placed above the high water line, per the Stockpile 
Management Plan (Section 4.2.4).  

� Instream work is planned to occur outside of the RAP to minimize impacts to fish and fish habitat if some 
sediment is released during plug removal. 

� A monitoring plan is included with water quality objectives and guidance for when additional ESC measures 
are required during instream or near water works (Section 5.0). 

� The construction area will be kept to a minimum size to reduce potentially erodible material exposed during 
inclement weather. 

� Sediment laden water that accumulates in the excavation during construction (from groundwater, rainfall or 
potential flooding) will be pumped to a vegetated buffer in an area that will prevent direct flow to the Elbow 
River prior to filtration of sediment in the vegetation. If there is potential for fish to be present in the excavation 
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(i.e., water present due to flooding from the Elbow River) the pump head will be covered with a fish screen 
(<2.54 mm openings) to prevent fish entrainment or entrapment. The pump outlet will be stabilized to prevent 
further erosion from discharge flow velocity. 

� Riprap and rock used in the realignment channel will be washed prior to delivery and installation in the new 
channel to minimize the potential for the mobilization of sediment when the channel is activated. Washing 
will occur outside the river valley. 

� The realignment channel riparian zone (banks and upslope area) will be planted and left to revegetate for 
one year prior to water entering the channel. Once rooted, vegetation will stabilize banks from erosion and 
allow vegetation to filter potential sediment laden runoff prior to entering the Elbow River waters. A 
revegetation plan for the riparian area is included in Section 4.2.2. 

� Equipment will be washed prior to entering the site and prior to completing instream works to prevent 
mobilization of sediment (i.e. mud), as well as grease, oil or other hazardous substances. The wash area will 
be at least 100 m from the high water line of any watercourse and the wash water will not be allowed to enter 
either the Elbow River or the realignment channel. 

� If cast in place concrete or grout is used, the work will be done in the dry and isolated from water for a 
minimum of 48 hours.  

� A QAES will be onsite during all instream or near water works that have the potential to mobilize sediment to 
monitor water quality in the Elbow River and recommend additional ESC mitigation measures, as necessary. 

� A spill kit will be available onsite during all construction or when equipment is present.  

� An emergency response plan will be in place in the event of a sediment release or spill of a deleterious 
substance, and a spill kit and spill containment provisions will be kept on site at all times. Appropriate 
personnel at the worksite will be familiar with the location and use of the spill kit and spill response plan, 
which will be developed as part of the contractors ECO Plan. 

Best Management Practices (BMPs) will be employed including safe refueling distances and equipment 
maintenance and are discussed in more detail in Sections 4.2.3 and 4.2.7. 
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4.1.2 Alteration and Destruction of Fish Habitat 
A 960 m long section of the Elbow River and its associated fish habitats will be lost when the river is diverted into 
the realignment channel. This abandoned channel area will be dried and backfilled for construction of the highway 
bridge approaches and roadway. The existing riparian vegetation along the abandoned channel section will also 
be lost during construction. 

Mitigation Measures to Minimize the Alteration and Destruction of Fish Habitat.  
The constructed realignment channel will provide a 1,380 m long channel with new fish habitat that, as part of the 
CEP, is designed to provide habitat of similar characteristics and quality as the habitats in the natural abandoned 
river channel (Section 4.2.1). Over time, the establishment of riparian vegetation along the realignment channel 
will replace stream shading, erosion control and supply of allochthonous materials and woody debris provided by 
riparian vegetation in the natural channel. In addition, construction footprints will be kept to a minimum, which will 
reduce the number of trees and shrubs removed from the riparian area during construction and provide mature 
riparian vegetation over a portion of the channel at the time of flow diversion. The equivalency of the newly created 
habitat in the realignment channel as replacement for altered or lost habitat in the natural river channel and meeting 
the no-net-loss guideline is discussed in more detail in Section 4.2.1.  

The highway alignment was chosen to minimize disruption to fish and fish habitat. All work can be completed in 
the dry, with initial bridge construction over the dry realignment channel. Once flow is diverted to the realignment 
channel, work will commence in the dried area of the Elbow River. The alignment was chosen to minimize the 
project effects while allowing for geotechnical and hydrotechnical objectives (Section 2.1.1). 

Prior to and during flow diversion, a fish rescue will be completed in the mainstem of the Elbow River to move fish 
out of the section of the river that will be dried and reduce fish mortality as much as possible. The fish rescue plan 
is discussed in more detail in Section 4.2.5.  

4.1.3 Changes to Channel Morphology 
The realignment channel will have a slightly different channel morphology than the existing Elbow River but has 
been designed to maximize high value fish habitat for sport fish, and trout species in particular.  

Mitigation Measures to Minimize Changes in Channel Morphology 
The realignment channel has been designed to have a naturalized morphology that is similar to the existing Elbow 
River channel to minimize changes to channel morphology. Instream habitat types will be generally similar to the 
section of the Elbow River to be abandoned. Channel slope (% gradient) and instream velocities will be kept similar 
to the original Elbow River channel. The realignment channel will be constructed to contain 1:2 year flood level.  

Bank armouring at the locations where the upstream and downstream ends of the realignment channel tie-in to 
the natural Elbow River channel will be used as needed to entrain the channel into the realignment and protect 
the Elbow River from potential scour and sedimentation.  

4.1.4 Flow Disruption and Blockage of Fish Passage 
No instream works are planned other than the removal and placement of plugs when water is diverted from the 
existing Elbow River channel into the realignment channel, and placement of bank armouring for scour protection. 
Flow disruption could occur during the Elbow River diversion and could temporarily disrupt fish passage. Sediment 
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release during construction could also alter fish behaviour downstream of the construction area. Also, fish passage 
characteristics could be different in the constructed channel compared to the original Elbow River channel. 

Mitigation Measures to Minimize Flow Disruption and Ensure Fish Passage 
The Elbow River diversion will be completed in a manner so as to minimize flow disruption downstream of the 
project area. However, a temporary disruption of fish passage is expected during the early stages of the diversion, 
when a portion of flow has been diverted as the plugs are removed from the realignment channel and placed in 
the abandoned channel. The flow diversion will be completed as quickly as possible and will be done outside of 
the RAP to avoid sensitive migration periods. In addition, previously described mitigation will be used to minimize 
the presence of sediment in the newly constructed channel that could be mobilized downstream as the channel 
fills. A QAES will be onsite during all instream works to monitor water quality (Section 5.1) and provide advice on 
any additional sediment mitigation measures needed. 

The provision of permanent fish passage through the realignment channel was considered in the CEP design 
stage. Similar habitat types, gradients and water velocities in the realignment channel relative to the existing Elbow 
River will allow for similar fish passage conditions (Section 4.2.6). 

4.2 Fisheries Mitigation Plans 
The following sections detail mitigation measures that will be put in place to protect fish and fish habitat in relation 
to the planned channel realignment works for the Elbow River Valley crossing. 

4.2.1 Channel Enhancement Plan 
The CEP for the Elbow River Valley realignment channel includes in-channel habitat features and bioengineering 
features to be located below the high water line.  

4.2.1.1 In-Channel Habitats 
The objective of the CEP design, which is aligned with the specifications of the Water Act (Alberta Government 
2001, 2013), is to provide habitats within the constructed realignment channel that maintain the quantity and quality 
of productive fish habitat at a level that is at least equivalent to the portion of the existing river channel that will be 
abandoned (i.e., no-net-loss guideline). For the CEP design, emphasis was placed on habitat characteristics 
preferred by trout species.  

Design features of the CEP include the following. 

� Maintaining the natural hydraulic regime as much as possible. 

� Maintaining or approximating the existing channel slope (% gradient). 

� Avoiding reduced stream length, habitat loss and habitat simplification. 

� Maintaining the physical and biological features and processes of the natural river system, allowing for natural 
processes to occur with no maintenance of habitat structures or channel features. 

� Preventing negative effects to the Elbow River or fish habitat upstream or downstream (i.e., erosion, scour, 
sedimentation). 

� Providing a variety of channel widths and wetted widths, similar to the natural river channel. 
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� Providing channel complexity including bars and thalweg meanders within the channel boundaries. 

� Providing a variety of instream channel unit (habitat) types including riffles, and various classes (depths) of 
runs and pools, similar to the natural river channel. 

� Providing a similar to natural variety of water depths and velocities associated with the different channel unit 
types.  

� Providing a variety of substrate particle sizes (i.e., gravels, cobbles, boulders) similar to the natural river 
channel. 

� Providing fish habitat cover features (e.g., large woody debris, root wads, boulder gardens) similar to or in 
greater quantity than the natural river channel. 

� Providing key trout habitats, such as potential spawning areas, similar or in greater quantity than the natural 
river channel.  

In conjunction with the CEP, the riparian planting plan (Section 4.2.2) will provide revegetation details of the 
portions of the realignment channel length where vegetation stripping was required during the construction phase. 
Over time, the establishment of riparian vegetation along the realignment channel will replace stream shading, 
erosion control, and supply of allochthonous materials and woody debris provided by riparian vegetation in the 
natural channel. 

Design drawings of the CEP are provided in Appendix A, including typical channel profiles and details of typical 
design features. At 1,380 m in length, the realignment channel will be approximately 40% longer than the 960 m 
length of the Elbow River channel that will be abandoned. Based on the greater than equivalent length of channel 
and the provision of variable channel widths and channel unit types similar to the natural channel, the amount of 
wetted (summer mean) and seasonal fish habitat in the constructed realignment channel will be at least 40% 
greater than the abandoned channel section and will provide similar habitat quality and complexity.  

Scour protection for the Elbow River, including the realignment channel, is provided through armouring, riprap, 
rock groynes, and tree revetments. Bank armouring is used at the high velocity area on the upstream end of the 
realignment channel to armour the berm directing flow into the realignment channel and seal off the abandoned 
portion of the Elbow River. Bank armouring is also used along the Elbow River at the downstream end of the 
realignment channel for scour protection. A combination of tree revetments and rock groynes will be used on the 
outside of the realignment channel bend to prevent erosion while providing maintenance of pool habitats planned 
for the outside bend to mimic natural habitat processes. Further descriptions of each type of erosion protection 
are included below, in Section 4.2.1.2 and Appendix A.  

With implementation of the CEP, the quantity and quality of productive fish habitat in the realignment channel 
(post-construction condition) will be greater than equivalent to the abandoned section of natural Elbow River 
channel (pre-construction condition). The CEP is designed to eliminate habitat deficiencies as well as the need for 
additional habitat remediation, compensation or structures outside the crossing location.  
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With the implementation of the CEPs, the realignment channel meets the objective of “no-net-loss” of productive 
habitat within the Elbow River; no offsetting measures are required outside of the watercourse. The realignment 
channel’s design meets the following objectives of the Fish Conservation Strategy for Alberta (ASRD 2006) and 
the Guide to the Code of Practice for Watercourse Crossings (AENV 2001): 

� replace like-for-like habitat;  

� replace habitat within the same watercourse; and  

� habitat is designed and built for specific species.  

4.2.1.2 Bioengineering 
Bank stabilization of the realignment channel will be achieved mostly with a combination of bioengineering 
techniques, selected based on expected local water velocity and shear stress along the bank during the 1:10 year 
flood event. Armouring will only be used at critical locations, where required to avoid channel avulsions.  

The stabilization measures selected are briefly described in the sections below, and were selected and designed 
considering guidelines and recommendations from several sources (AT 2009; USDA 1996; AMEC 2012). 

VEGETATIVE PLANTINGS 
Vegetative plantings will be used on locations having only marginal erosion potential, or in combination with 
structural measures for higher energy sites. Bank vegetation improves bank stability and resistance to erosion, 
and at the same time provides an aesthetically pleasing natural cover that augments wildlife and fish food sources. 
Three types of live vegetation covers are proposed. 

� Live Stakes – stakes will be planted on the new channel banks to accelerate the re-establishment of 
vegetation and inhibit encroachment of less desirable vegetation growth (such as weeds and non-native 
grasses).  

� Live Fascines – long-branch cuttings bound together with twine or strapping in cylindrical bundles and placed 
in shallow trenches on bank slopes and anchored with wooden stakes, as required. 

� Brush Layers – layers consist of a row of live cuttings placed in a crisscross or overlapping manner in between 
layers of soil, with the tips protruding beyond the face of the bank fill (provides immediate protection and 
stabilization and is relatively fast in establishing a root system). 

STRUCTURAL MEASURES 
Structural measures will be constructed where erosion potential is a concern, such as along the outside of channel 
bends. Structural measures will include tree revetments, large woody debris complexes, V-weirs, rock groynes 
and bank armour. Native material revetments have a more appealing natural appearance and provide habitat for 
a variety of species and life stages, and will be used as much as feasible along the realigned channels.  

Native materials, such as ballasted tree revetments, protruding root wads and large woody debris complexes will 
be used to armour channel banks. These revetments will extend up to the bankfull level, to mitigate bank erosion 
during high flows. Tree revetments will be constructed from overlapping coniferous trees (except for root wads), 
cabled together and anchored into the bank.  
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Large woody debris complexes are composed of logs, root wads and large boulders tied together with cables. 
They provide excellent overhead cover, shelter and resting areas for fish and fish food organisms. Stream 
velocities around large woody debris complexes increase locally and create scour underneath, which provide 
additional habitat diversity (fish rearing and spawning habitat). 

V-weirs are V-shaped rock structures (pointing upstream) that stretch across the width of the channel, sloped 
towards the centre of the channel and keyed into the banks near the high water mark. These structures will be 
used to concentrate flows at the centre of the channel (and away from the banks) at select locations.  

Rock groynes are structures that project into the watercourse for a short distance to deflect (upstream facing) or 
attract (downstream facing) flowing water away from the banks. Groynes will be used at critical locations where 
potential erosion is a concern (e.g. outside of bends), and to promote stability of newly created pools. In addition 
to providing bank protection, groynes encourage sediment deposition and growth of vegetation against the 
streambank and may increase fish habitat diversity through enhancement of vegetation and introduction of refugia. 

Armouring will only be used at critical locations, where potential for channel avulsion is highest, such as at channel 
diversions. Armouring will extend to the top of the bank and below the channel thalweg (to protect against scour) 
to provide long-term stability of the diversions.  

4.2.2 Riparian Planting Plan 
The existing vegetation will be kept in place wherever possible along the realignment excavation site to provide 
mature riparian vegetation for the new channel; however, clearing around some of the realignment channel 
excavation site will be required for construction (Figure 8). The portion of the new channel’s riparian area that is 
stripped during construction will be replanted in spring (April) 2017 so that the planted vegetation will be in place 
for one year prior to activating the realignment channel. The riparian area is designated to be a minimum width of 
15 m on either side of the realignment channel, as the main purpose of the early plantings is to stabilize the channel 
banks against erosion, provide shade for fish habitat within the realignment channel and provide allochthonous 
inputs.  

Specifications for riparian planting apply to the area between the realignment channels high water line (i.e., 1:2 
year flood line) and 15 m upslope, extending beyond top of the slope. Recommendations are broken down into 
the area between the high water line and top of slope, then top of slope to the 15 m buffer end. The area further 
than 15 m from the high water line that is available for planting will be included as part of the SWCRR overall 
revegetation plan.  

The riparian planting plan is for surface plantings only. Features such as embedded willow stakes, willow bundles, 
or live fascine bundles are described in Section 4.2.1.2 as part of the realignment channel design specifications 
for areas below the high water line (i.e., CEP bioengineering).  

Planting specifications by area are included in Figure 8, with general recommendations for planting from the high 
water line to the top of bank, and from top of bank to the 15-m riparian limit. General recommendations for planting 
between the high water line and top of bank as well as the top of bank and to the riparian area limit are included 
in Table 4. The species, location, and spacing of the plantings are based on the Environmental Assessment 
prepared for the project (AMEC 2014) and are included in Table 5. 
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Table 4: General Riparian Planting Specifications 
Area Planting Type Specifications 

High Water Mark to Top of Bank 

Plantings from Table 5 
At the specifications listed, with an even distribution by 
species of mostly short, medium, and tall shrubs, with a 
lesser amount of small and large tree species. 

Bioengineering 

Use of live stakes, comprised of willow shrubs from the 
table above, and other shrub species that have adventitious 
roots. 
Will be inserted approximately every 1 lineal bank meter 
apart diagonally in 80% of total linear meters. 
Will be fully maintained for at least 1 year prior to channel 
activation. 

Seeding of native grass species for 
bank stabilization and erosion control 

Sown immediately following construction 
Down underneath erosion control measures, when present 
Use a Riparian Seed Mix to Allow Tree In-growth 
Cover crop of fall rye recommended, broadcast seed rate = 
20 kg/ha. 

Top of Bank to the 15 m Riparian 
Buffer Limit Plantings from Table 5 

At the specifications listed, with an even distribution by 
species with mostly upland small and large trees, with a 
lesser amount of short, medium, and tall shrubs. 
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Box 1 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-closed mixedwood 
• Plant balsam poplar, aspen, and white spruce, to the specifications 

required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs   
 
Box 2 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-mixed shrubs 
• Plant with a mixture of low, medium, and tall shrubs located in 

Table 5, to the specifications required 
 
Box 3 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 

TOB to 15 m Limit 
• Adjacent ecosite: Cleared-open deciduous forest 
• Plant balsam poplar, aspen, and white spruce, to the specifications 

required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs   

Box 4 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-mixed shrubs 
• Plant with a mixture of low, medium, and tall shrubs located in 

Table 5, to the specifications required 
 

Box 5 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-closed mixedwood 
• Plant balsam poplar, aspen, and white spruce, to the specifications 

required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs  

Box 9 
HWM to TOB 

• Plant mix of low, medium, and tall shrubs located in Table 5, to the 
specifications required, dependent on shrub size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: n/a, Sites are under the bridges 
• Plant with a mixture of low, medium, and tall shrubs located in 

Table 5, to the specifications required 
• Do not plant the wildlife passage corridors 

 
Box 10 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
• No stripping will occur past the TOB in winter 2016/17, therefore no 

vegetation enhancements are required for spring 2017. 

Box 6 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-open white spruce forest 
• Plant balsam poplar and white spruce, to the specifications required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs   
 
Box 7 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Cleared-open deciduous forest 
• Plant balsam poplar, aspen, and white spruce, to the specifications 

required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs   
 
Box 8 
HWM to TOB 

• Plant mix of shrubs located in Table 5, to the specifications 
required, dependent on shrub size 

• Plant 10 % of the area with small and large trees species, to the 
specifications required, dependent on tree size 

• Insert willow and other species staking, at 1 lineal meter intervals 
diagonally 

o Shrub and tree plantings will be planted in diagonal lines, 
with horizontal spacing from the table as a guideline to 
approximate the lineal bank meter distance apart 
specifications 

• Seed with a Riparian Mix at 20 kg/ha 
 
TOB to 15 m Limit 

• Adjacent ecosite: Balsam poplar forest 
• Plant balsam poplar and white spruce, to the specifications required 
• Plant 10 % of the area with small trees species, and an equal mix 

of all sizes of shrubs   
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Table 5: Riparian Planting Specifications 

Common 
Name Scientific Name Category 

Average 
Height 
Range 

(meters) 

Required 
Root Size for 

Plantings 
(gallons) 

Required 
Minimal Height 
for Plantings 

(meters) 

Recommended 
spacing 

Plant in the following 
Project relevant ecosites 

White 
spruce Picea glauca Tree Up to 9.2  15 - 20 1.5 1 for every 3 

lineal meters 

• Balsam poplar forest 
• Aspen forest-terrace / 

plain 
• Deciduous-mixedwood 

forest 
• Cleared-closed 

mixedwood 
• Cleared-open white 

spruce forest 
• Cleared-open deciduous 

forest 

Trembling 
aspen 

Populus 
tremuloides Tree Up to 7.6  5 - 7 2.4 1 for every 3 

lineal meters 

• Balsam poplar forest 
• Aspen forest-terrace / 

plain 
• Deciduous-mixedwood 

forest 
• Cleared-closed 

mixedwood 
• Cleared-open white 

spruce forest 
• Cleared-open deciduous 

forest 

Balsam 
poplar 

Populus 
balsamifera Tree Up to 7.6  5 – 7  2.4 1 for every 3 

lineal meters 

• Balsam poplar forest 
• Aspen forest-terrace / 

plain 
• Deciduous-mixedwood 

forest 
• Cleared-closed 

mixedwood 
• Cleared-open white 

spruce forest 
• Cleared-open deciduous 

forest 

Chokecherry Prunus 
virginiana 

Small tree / 
Tall shrub 0.6 – 2.4 2 0.6 1 for every 2 

lineal meters All sites 

Basket 
willow Salix petiolaris Small tree / 

Tall shrub 0.3-2.4 2 0.6 1 for every 2 
lineal meters All sites 

Greenleaf 
willow Salix lucida Small tree / 

Tall shrub 0.3 – 3.4 2 0.6 1 for every 2 
lineal meters All sites 

False 
mountain 
willow 

Salix 
pseudomonticola 

Small tree / 
Tall shrub 0.3 – 1.8 2 0.6 1 for every 2 

lineal meters All sites 

Beaked 
willow Salix bebbina Medium 

shrub 0.3 – 1.2 1 n/a 1 for every .7 
lineal meters All sites 

Sandbar 
willow Salix exigua Medium 

shrub 0.3 – 0.9 1 n/a 1 for every .7 
lineal meters All sites 

Saskatoon Amelanchier 
alnifolia 

Medium 
shrub 0.3 – 0.9 1 n/a 1 for every .7 

lineal meters All sites 

Wolf willow Eleagnus 
commutata 

Medium 
shrub 0.3 – 0.9 1 n/a 1 for every .7 

lineal meters All sites 

Buffaloberry Shepherdia 
canadensis 

Medium 
shrub 0.2 – 0.9 1 n/a 1 for every .7 

lineal meters All sites 
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Table 5: Riparian Planting Specifications 

Common 
Name Scientific Name Category 

Average 
Height 
Range 

(meters) 

Required 
Root Size for 

Plantings 
(gallons) 

Required 
Minimal Height 
for Plantings 

(meters) 

Recommended 
spacing 

Plant in the following 
Project relevant ecosites 

Red-osier 
dogwood 

Cornus 
stolonifera 

Medium 
shrub 0.3 – 0.6 1 n/a 1 for every .7 

lineal meters All sites 

Gooseberry Ribes 
oxycanthoides Short shrub Up to 0.3 1 n/a 1 for every .7 

lineal meters All sites 

Shrubby 
cinquefoil 

Potentilla 
fruticosa Short shrub Up to 0.3 1 n/a 1 for every .7 

lineal meters All sites 

Wildrose Rosa accicularis Short shrub Up to 0.3 1 n/a 1 for every .7 
lineal meters All sites 

Buckbush Symphoricaros 
occidentalis Short shrub Up to 0.3 1 n/a 1 for every .7 

lineal meters All sites 

 

Riparian planting will occur in early spring 2017 for most of the length of the channel realignments, however, three 
temporary plugs, used as channel crossings, will be left in place to allow for the cranes needed to build the bridges 
(Figure 8). The plugs will be removed and the riparian area at these locations will be planted in spring 2018, after 
which time the water will be diverted into the new channel. The plugs will occupy approximately 36 m of the channel 
length on each side of the realignment channel, representing 73 m total or 4.5% of the disturbed riparian length. 
Similarly, the areas directly under the bridges will not be planted until spring 2018, allowing for bridge construction.  

The riparian vegetation will be cared for and monitored for success rates. For the first year following planting, the 
planted tree stocks will be monitored monthly and watered until successfully established. For the second year 
following planting, monitoring is to be completed three times: May, early July, and Mid-August, with watering 
continuing, as required. The objective of the monitoring will be to determine vegetation success rates, which are 
to meet a minimum survival rate of 85% to 95%. Replanting is to occur if die off rates exceed the minimum survival 
requirements. Further details regarding the monitoring will be provided in the SWCRR Revegetation and 
Reclamation Plan. 

4.2.3 Erosion and Sediment Control Plan 
Specific erosion and sediment control (ESC) mitigation measures planned for work in and near the Elbow River 
were developed by a fisheries biologist who is a QAES and Certified Professional in Erosion and Sediment Control 
(CPESC) and are included in Section 4.1.1 and shown in Figure 7. In addition to this, the following measures are 
planned. 

� Temporary ESC measures will be installed as soon as required in the construction staging sequence and 
permanent revegetation of disturbed areas will be completed following construction. Temporary measures 
will be regularly inspected and maintained until the permanent revegetated area is functioning effectively. 

� The temporary access road will be topped with gravel and installed with temporary culverts, where needed.  

� Abutments for the SWCRR bridges will be installed and used as access to the bridge piers during 
construction. These slopes will be engineered and include a rolled erosion control product, such as straw or 
coco matting, overtop of seed.  
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� Water from site will be controlled and released to the Elbow River only when water quality is equal or better 
than background conditions in the Elbow River.  

� If pumping from potentially fish bearing water is required, fish screens (<2.54 mm diameter screen) will be 
used and the pump must operate at a rate such that the resultant water velocity that does not entrain or 
entrap fish or fish fry. 

� Excavated materials, debris and spoil will be temporarily stored above the normal high water line and located 
such that they will not enter the watercourse. All debris and waste will be removed from site following 
construction, including ESC measures that are no longer required (i.e., silt fencing). 

� Scour protection, including riprap or armouring, will be placed in the realignment channel as well as the Elbow 
River to prevent scour erosion and sediment mobilization (Section 4.2.1 and Appendix A) 

� Equipment will be cleaned prior to entering the site to be free of oil/grease, dirt, mud and vegetation. 

� Construction will be halted during heavy rain to reduce the risk of sediment mobilization.  

� The realignment channel will be subject to natural rain events over the one year vegetation establishment 
period. This water will be monitored and removed to ensure no sediment is released to the Elbow River. If 
required, water will be pumped from the realignment channel according to the conditions above.  

� Rock, including riprap, to be placed in the realignment channel will be washed prior to arrival and installation. 
Washing will not occur within the river valley.  

� Additional ESC measures will be stored onsite for emergency repairs or to add additional measures during 
rain events, as required and directed by the onsite QAES. 

� If wind erosion occurs, the work area will be stabilized by watering erodible surfaces, with care not to over 
water and create sediment laden runoff that could impact the Elbow River.  

4.2.4 Stockpile Management Plan 
As described in Section 2.1.3, temporary stockpiles will be onsite, consisting of topsoil and native material 
excavated for the realignment channel (Figure 7). No new material will be brought in to stockpile within the 
floodplain of the Elbow River Valley. Topsoil will be stockpiled separately from the remaining excavated material 
as the topsoil will be replaced on final grades for reclamation/revegetation upon completion of earthworks, while 
the remaining materials will be used following flow diversion to infill the portions of the abandoned river channel 
that are not located within the roadway foundation/footprint. Snow cleared from the construction area will also be 
stockpiled during the winter months. 

To mitigate the potential for wind and rain erosion to mobilize fine sediments from the stockpiles to the watercourse, 
all stockpiles will be stored above the high water line (outside of the 1:2 year floodplain) and within the already 
disturbed area, away from both the existing Elbow River and the new channel alignment. The temporary stockpiles 
of excavated materials will be stabilized from wind and water erosion by covering them. For stockpiles remaining 
in place for one month or more, a tackifier and seed mix will be applied to stabilize material. The temporary 
stockpiles will be enclosed with silt fencing after stabilization to mitigate potential sediment mobilization as well as 
control runoff, particularly from melting snow piles.  
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4.2.5 Fish Rescue Plan 
For any portion of the planned works for which there is a potential for fish to be stranded, a fish rescue operation 
will be conducted to capture fish and return them to an adjacent, secure location in the Elbow River. Fish rescue 
will completed by using safe and effective fish capture techniques, which will depend on the types of fish habitats 
being sampled, and moving the captured fish to a nearby section of the Elbow River that has similar habitats to 
the area from which the fish were removed.  

The main fish rescue will occur in the section of the Elbow River channel to be abandoned, as stranding of fish will 
occur as the water is diverted to the realignment channel. On the day prior to the start of water diversion, the 
section of channel to be abandoned will be sampled for fish using electrofishing, minnow trapping and sein netting. 
A backpack or boat electrofisher (or combination of both) will be used, depending on water depths at the time of 
the fish rescue, to conduct multiple passes over the entire length of the channel section. Multiple baited minnow 
traps will be set in low velocity areas to assist with capture of small-bodied fish and smaller life stages of large-
bodied fish. Seine netting will also be used in habitats where this sampling method would be effective (i.e., shallow 
low velocity area with no woody debris). If possible, fish blocking nets will be used at the upstream and downstream 
ends of the fish rescue area to prevent fish from re-entering the area during and following the initial fish rescue. 
However, due to the size and flow volume of the river, it is anticipated that this will not be possible. The objective 
of the initial rescue will be to minimize as much as possible the number of fish present in the area prior to water 
diversion.  

The fish rescue will continue on the following day as the water diversion activities are completed. As flows and 
water levels in the abandoned section of the Elbow River are declining and the area is being isolated, additional 
fish removal will be completed using electrofishing, minnow trapping and sein netting. As water levels decline, dip 
netting will also be used to collect fish from residual pools of water. Fish rescue operation will continue until the 
abandoned channel is completely isolated and no more fish captures are achieved.  

All fish captured during the rescue operation will be retained in aerated holding tubs filled with river water and with 
sufficient water exchanges to maintain appropriate temperatures and dissolved oxygen levels. The fish will be 
transported to the Elbow River downstream of the rescue area and released unharmed into similar habitat from 
which they were captured. Captured fish will be enumerated by sampling method, species and life stage and 
measured for length and weight prior to release. The fish capture data will then be used to provide baseline fish 
population and productivity data for the abandoned river section as part of the Aquatic Monitoring Plan 
(Section 5.0). 

It is anticipated that the lag period associated with the diverted flow filling and passing through the new realignment 
channel to reach the downstream natural Elbow River channel will create a short-duration lower flow period in the 
Elbow River downstream of the realignment channel. Therefore, a fish rescue operation will also be conducted for 
the Elbow River downstream of the realignment. A separate fish rescue crew will search the downstream river for 
fish that may be stranded along the river margins or in shallow habitats that could become dry if water levels drop. 
Any stranded fish will be captured and transferred to secure habitats in the adjacent thalweg channel. 

As described in the construction contingency plan (Section 2.3), in the event that a flood flow that overtops the 
river banks and floods the realignment channel occurs during the one-year period the completed channel is left 
isolated for riparian vegetation establishment, a fish rescue operation will be conducted prior to dewatering the 
realignment channel. The fish rescue would commence once conditions allow safe access. As previously 
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described for the area of the Elbow River that will be abandoned fish rescue, multiple fish sampling techniques 
and multiple passes will be conducted in the realignment channel to capture fish prior to and during dewatering 
activities, with captured fish processed (enumerated and measured) and then relocated back to the adjacent Elbow 
River channel. 

4.2.6 Fish Passage Plan 
The requirement for fish passage for the Elbow River Valley crossing is that the watercourse crossing and 
realignment channel do not impede fish passage during the construction phase and over the life span of the project. 
In addition, fish passage should be possible for the fish species and life stages and at the times that passage is 
possible in the section of natural Elbow River that will be abandoned.  

The following features are included in the construction plan to prevent interference with fish passage and migration 
during construction of the watercourse crossing and realignment channel. 

� The realignment channel will be constructed in isolation from the Elbow River. 

� The bridges will be constructed over the dry realignment channel prior to its activation and will not require 
any instream works, channel constrictions or isolations in the Elbow River. 

� Instream works are limited to opening the new channel and closing the section of river to be abandoned, 
diverting the flow into the new channel and placement of scour protection armouring along the banks. Minimal 
work will be completed within the wetted area of the Elbow River. While these works may temporarily impede 
fish passage, they will be completed outside the RAP so as not to interfere with spawning migrations or 
sensitive fish movement periods.  

Fish passage was also considered in the design of the realignment channel, which will become the new Elbow 
River channel at the crossing location. The CEP for the realignment approximates the gradient, channel unit types, 
water depths, velocities, substrates and complexity (backwaters, boulders, root wads, etc.) and is designed to 
provide the same level of fish passage and fish resting habitat as the section of river channel being abandoned. 
As such, the fish passage characteristics of the realignment channel are expected to closely match that of the 
natural Elbow River channel for a range of flow conditions. For example, at the mean summer flow used in the 
CEP design, modelled water velocities for the realignment channel were predicted to be lower for the realignment 
channel (peak = 1.95 m/s; mean = 0.58 m/s) compared to the same flow in the natural river channel (peak = 
2.3 m/s; mean = 0.70 m/s), due to the slightly reduced gradient (0.13% versus 0.19%) in the longer realignment 
channel. 

4.2.7 Care of Water Plan 
The care of water plan describes the measures to be employed to collect, contain, treat and release water from 
dewatering of the work area. Potential dewatering activities include the removal of water from the excavated 
channel realignment prior to its activation, and removal of residual water from the abandoned Elbow River channel 
after its isolation. Any sediment laden water that is pumped from the work area will be discharged into a vegetated 
buffer to filter sediment prior to the water flowing to any watercourse. Care will be taken to prevent further erosion 
by stabilizing the pump outflow area. The discharge will be monitored by the onsite QAES to confirm that effective 
sediment filtration occurs and any water that enters the Elbow River, whether in the existing channel or realignment 
channel, is equal or better than background turbidity or TSS levels in the Elbow River.  
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4.3 Matters and Factors 
The potential effects to the Elbow River include release of deleterious substances, alteration and destruction of 
fish habitat, changes to channel morphology, and flow disruption and blockage of fish passage. The Approved 
Water Management Plan for the South Saskatchewan River Basin (Alberta) (AENV 2006) includes Matters and 
Factors that must be considered by AEP in making decisions on applications affecting surface water in the South 
Saskatchewan River Basin. Table 6 includes the Matters and Factors and how this project design meets these 
objectives. 

Table 6: Matters and Factors for Approval of the SWCRR Elbow River Valley Crossing 
Matters and Factors Elbow River Valley Project 

Existing, potential and cumulative effects on the aquatic 
environment. 

With the implementation of the Fisheries Mitigation Plans, no residual 
effect to the Elbow River, including downstream to the Glenmore 
Reservoir, will occur; therefore no cumulative impacts are anticipated.  

Existing, potential and cumulative effects on any applicable 
instream objective and or Water Conservation Objective.  

With the implementation of the Fisheries Mitigation Plans, no residual 
effect to the Elbow River, including downstream to the Glenmore 
Reservoir, will occur; therefore no cumulative impacts are anticipated. 

Efficiency of Use. Industry standards and best practices will be used in constructing and 
operating this project.  

Net Diversion. Not applicable – the realignment channel will become the new course of 
the entire Elbow River. 

Existing, potential, and cumulative hydraulic, hydrological 
and hydrogeological effects. Please see Sections 4.1.4 and 4.2.6, as well as Appendix C. 

With respect to irrigation, the suitability of the land for 
irrigated agriculture. Not applicable; no irrigation. 

Existing, potential and cumulative effects on the operation of 
reservoirs or other water infrastructure.  

With the implementation of the Fisheries Mitigation Plans, no residual 
effect to the Elbow River, including downstream to the Glenmore 
Reservoir, will occur; therefore no cumulative impacts are anticipated. 

First Nation Rights and Traditional Uses. 
Consultation with relevant First Nations regarding the SWCRR Project 
has been conducted previously, and this information has been submitted 
to the Aboriginal Consultation Office. 

 

The Matters and Factors align with the objectives of the Elbow River Basin Water Management Plan (Elbow River 
Watershed Partnership 2009) to maintain a safe, secure drinking water supply and healthy aquatic ecosystem.  

5.0 AQUATIC MONITORING PLAN 
The Aquatic Monitoring Plan encompasses two main components. 

1) Construction Monitoring – monitoring of water quality in the Elbow River downstream of the works for the 
protection of fish and fish habitat. 

2) Post-construction monitoring – monitoring of the constructed realignment channel to confirm fish and fish 
habitat characteristics and functionality. 

The Aquatic Monitoring Program was designed by a QAES and will be conducted by multiple QAES. 

5.1 Construction Monitoring 
Construction monitoring will be conducted by one or more onsite QAES during site dewatering activities and 
instream construction works and will consist of monitoring of the activities and works to provide advice for 
environmental protection with respect to compliance with the listed mitigations and best management practices, 
as well as monitoring specific water quality parameters in the Elbow River downstream of the construction site.  
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During dewatering activities that occur onsite (e.g., dewatering of the excavated realignment channel prior to its 
activation), the onsite QAES will identify when pumps are being used in waters that are potentially fish bearing 
and therefore must be equipped with intake screens, confirm the screens comply with required opening size limits 
and water velocity limits, and regularly inspect the screens for debris or damage (e.g., holes). The QAES will 
inspect pump discharge sites to confirm they are appropriately located, have scour protection at their outlet, and 
that if the pumped water eventually reaches the Elbow River, that it is filtered of sediment and is of equal or better 
quality than the river in relation to turbidity and total suspended solids (TSS) levels.  

During all construction activities in or near water (e.g., instream works associated with diversion of flow from the 
Elbow River to the realignment channel or bank armouring) or during inclement weather, the onsite QAES will 
monitor water quality, consisting of turbidity and TSS levels, in the Elbow River downstream of the crossing site. 
The objectives of the water quality monitoring program will be to: 

� assess the immediate effects of the works on the aquatic environment;  

� assess the effectiveness of the mitigation measures; 

� provide advice regarding construction activities to inform decisions on sequencing and timing to minimize the 
potential for introducing sediment to the river;  

� identify increased sediment levels and determine if potentially harmful sediment events occur; and 

� in the event of potentially harmful sediment levels, identify and implement additional mitigation or advise 
construction activities (i.e., halt construction or adjust activities or equipment) to reduce sediment levels to 
acceptable levels or background levels. 

During works in or near water, monitoring will consist of in-situ measurements of turbidity and collection of samples 
for laboratory analysis of TSS. Potentially harmful sediment events will be identified by comparison of water quality 
data to the appropriate guidelines for the protection of aquatic life. The guidelines that will be used incorporate 
consideration of the criteria or direction provided the following documents. 

� Canadian Council of Ministers of the Environment freshwater guidelines (CCME 1999). 

� Environmental Quality Guidelines for Alberta Surface Waters (ESRD 2014). 

� South Saskatchewan Region Surface Water Quality Management Framework (Alberta Government 2014). 

� Approved Water Management Plan for the South Saskatchewan River Basin (Alberta) (AENV 2006). 

� Elbow River Basin Water Management Plan (Elbow River Watershed Partnership 2009). 

The guidelines to be used are provided in Table 7. Because TSS determination requires time for sample shipping 
and analysis, the in-situ turbidity data will be used to identify suspended sediment issues and advise construction 
activities in real-time. TSS results obtained after sample analysis will be used to confirm actual sediment levels 
associated with the turbidity measurements. 
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Table 7: Water Quality Guidelines for Construction Monitoring 
Parameter Guideline (Relative to Background Levels) 

TSS (mg/L) 

During Clear Flows (  25 mg L) During High/Turbid Flows (>25 mg/L) 
Short-term exposure (≤ 24 hours): 
maximum increase of 25 mg/L 
 
Long-term exposure (>24 hours): 
maximum average increase of 5 mg/L 

When Background TSS between 25 and 250 mg/L: 
maximum increase of 25 mg/L 
 
When Background TSS ≥ 250 mg/L: 
maximum increase of 10% 

Turbidity (NTU) 

During Clear Flows (   U) During High/Turbid Flows (>8 NTU) 
Short-term exposure (≤ 24 hours): 
maximum increase of 8 NTU 
 
Long-term exposure (>24 hours): 
maximum average increase of 2 NTU 

When Background Turbidity between 8 and 80 NTU: 
maximum increase of 8 NTU 
 
When Background Turbidity ≥ 80 NTU: 
maximum increase of 10% 

 

During daytime construction activities in or near water, water quality will be monitored at a number of monitoring 
sites. 

� At one control site upstream of any influence of the channel realignment works to provide background levels. 

� At four stations downstream of the realignment works that encompass a minimum of two riffle/pool sequences 
to assess changes in water quality in the primary zone of potential effects (i.e., primary settling zone): 

 20 m downstream;  

 100 m downstream; 

 300 m downstream; and 

 650 m downstream.  

If night construction is needed, the number of downstream monitoring sites will be reduced based on site conditions 
at the time of the works, as required for sampling safety. Water quality sampling will be conducted at one station 
(i.e., mid-channel) at the upstream control site, and at three stations spaced across the wetted width of the river 
at each of the downstream monitoring sites. At the downstream monitoring sites, the average turbidity and TSS 
levels will be determined from the three sampling stations. Water quality monitoring will be conducted at the 
downstream monitoring sites on an hourly basis, and at the upstream control site twice per day or more frequently 
if background levels change (e.g., during a rainfall event). If a potentially harmful sediment release occurs, 
additional mitigation measures will be recommended by the onsite QAES including, but not limited to, 
recommending halting construction activities until turbidity returns to the Elbow River background value.  

5.2 Post-Construction Monitoring 
Post-construction monitoring will be conducted for the constructed realignment channel to confirm the structure 
and function of the channel relative to the CEP objectives. Monitoring will also be conducted in adjacent natural 
habitats in the Elbow River to provide control data for comparison purposes. 

The objectives of monitoring the realignment channel are to: 
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� monitor and define the physical condition of the channel and associated bridge structures for stability, scour, 
slope/bank stability and integrity of instream habitat features; 

� monitor riparian vegetation function; 

� monitor the ongoing functionality of temporary and permanent ESC measures; 

� check for unwanted debris accumulation; 

� monitor for development of potential fish passage barriers; and 

� assess the functionality and effectiveness of the realignment channel in providing the expected level of fish 
habitat quantity, quality and productivity.  

The monitoring program will be conducted over a period of three to five consecutive years, as determined by 
regulatory consultation and approval, following diversion of flow from the Elbow River to the realignment channel 
(i.e., starting in summer 2018). Annual monitoring will be conducted on a seasonal basis, with the various 
components of the monitoring program conducted in the appropriate season, as described in Table 8. 

Monitoring would also be conducted for selected components in the natural Elbow River channel adjacent to the 
crossing location. A section of river of the same length as the realignment channel would be identified for 
monitoring of water quality field parameters, fish use and fish population characteristics, spawning use and benthic 
invertebrates, using the same methods identified in Table 8. The natural river section would act as a control site 
and would be located in close proximity to the crossing location, either upstream or downstream. The control 
section would be selected based on having a similar mix of channel unit types as the realignment channel. 
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Table 8: Seasonal Aquatics Monitoring Program for the Elbow River Valley Realignment Channel 

Monitoring 
Component Annual Season Methods 

Physical condition and 
stability 

Spring, summer and 
fall 

The realignment channel, banks and bridge structures adjacent to the channel will be examined and photographed for signs of instability, 
excessive scour or problems with integrity.  

ESC measures Spring, summer and 
fall 

Any ESC measures left in place following completion of construction will be examined for functionality. Revegetation development will 
also be examined as it pertains to determining when temporary ESC measures can be discontinued. 

Fish habitat 
characteristics Summer 

Complete habitat map of entire realignment channel defining each individual channel unit and its characteristics: 
• channel unit type (i.e., pool, riffle, run) 
• dimensions (i.e., length, wetted width, channel width, wetted area, channel area) 
• substrate particle size distribution 
• percent cover by cover type (i.e., woody debris, substrate, root wad, etc.) 
• assess the development of riparian vegetation as it pertains to provision of bank stability, stream shading and supply of 

allochthonous materials 
Conduct a cross-sectional profile survey in one representative unit of each channel unit type: 
• survey the streambed profile from top-of-bank to top-of-bank 
• measure water depths and velocities at regular intervals along the profile 

Water quality field 
parameters 

Spring, summer and 
fall In-situ measurement of water temperature, dissolved oxygen, pH, conductivity, turbidity and TSS 

Stream discharge Spring, summer and 
fall Measure discharge at one suitable location within the realignment channel 

Fish use and fish 
population 
characteristics 

Summer 

Conduct a fish inventory to determine the fish species and life stages that utilize the realignment channel: 
• conduct multiple-pass electrofishing of the entire channel length (backpack or boat electrofishing, depending on water depths at 

the time of the surveys) 
• conduct sampling with baited minnow traps in shallow and low velocity habitats 
• conduct seine net sampling in suitable habitats (i.e., areas with low velocity and no woody debris) 
• enumerate captured fish by sampling method, species and life stage 
• measure fish for length and weight 
• record sampling effort by sampling method 
• calculate catch-per-unit-effort and biomass-per-unit-effort for each species and sampling method   

Spawning use Spring and fall Conduct trout spawning surveys (redd counts) and sample for incubating mountain whitefish eggs  

Benthic invertebrates Fall 

Benthic invertebrate samples will be collected from two location within the realignment channel: 
• five replicate samples will be collected at each location using a Neil cylinder 
• samples will be analysed for benthic invertebrate taxonomic composition, diversity indices and density 
• water depth and velocity and substrate characteristics will be recorded for the sampling locations 
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The physical stability information and fish habitat data collected for the realignment channel will be used to confirm 
the quantity and quality if fish habitats that develop within the channel in relation to channel unit types and their 
characteristics. The information will also identify areas that are unstable or otherwise require remediation.  

The fish use and fish population characteristics data, spawning survey results and benthic invertebrate survey 
results will be used to assess the functionality and effectiveness of the realignment channel with respect to 
mitigating project effects on fish habitat productivity. The data collected in the realignment channel will be 
compared to data collected during baseline surveys in the section of abandoned Elbow River channel, and to data 
collected from the Elbow River control site. Specific parameters to be used in the comparison include: 

� fish species composition and diversity; 

� fish abundance as measured by catch-per-unit-effort data; 

� fish biomass as measured by biomass-per-unit-effort data; 

� spawning use as measured by number of trout redds and number of channel units with incubating mountain 
whitefish eggs; and 

� benthic invertebrate abundance and diversity as measured by density (# organisms/m2) and diversity indices. 

The monitoring data will be used to determine if the realignment channel meets the objectives of the CEP of 
providing habitat quantity, quality and productivity that is equivalent to or greater than the abandoned section of 
Elbow River channel.  

6.0 CONCLUSION 
A QAES assessment was completed for the channel realignment works for the Elbow River Valley watercourse 
crossing to describe potential effects of the works on the aquatic environment and to provide recommendations to 
protect fish and fish habitat during construction of the realignment channel, diversion of the Elbow River flow into 
the new channel, site dewatering and construction of the permanent bridges over the realignment channel.  

By excavating the realignment channel in the dry, constructing the bridges over the realignment channel prior to 
channel activation, and infilling the abandoned river channel after flow diversion, the construction plan limits 
instream works to the specific activities associated with moving the river flow from the abandoned river section 
into the realignment channel, and minor placement of armouring on the river banks at the upstream and 
downstream extents of the realignment channel. All of the instream works will be completed outside of the 
Restricted Activity Period for the Elbow River to avoid the period when sensitive lift stage activities may be 
occurring.  

The QAES specifications include mitigation measures and best management practices to avoid or minimize the 
potential for adverse effects due to release of sediment or sediment laden water or other deleterious substances. 
The various plans provided by the QAES that constitute the Fisheries Mitigation Plan are designed to minimize 
potential effects to the aquatic environment and avoid direct harm to fish or fish eggs, including habitat 
enhancement and riparian planting for the realignment channel, fish rescue provisions and fish passage 
provisions. A Channel Enhancement Plan was developed for the design of the realignment channel with the 
objective of providing habitats within the constructed realignment channel that maintain the quantity and quality of 
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productive fish habitat at a level that is at least equivalent to the portion of the existing river channel that will be 
abandoned. With implementation of the CEP and the greater length and area of the realignment channel relative 
to the abandoned river section, the quantity and quality of productive fish habitat in the realignment channel (post-
construction condition) will be greater than equivalent to the abandoned section of natural Elbow River channel 
(pre-construction condition). The CEP is considered appropriate mitigation to avoid a net harmful alteration or 
destruction of habitat and thereby meet the no-net-loss guideline. Based on the mitigation measures and CEP, the 
works are expected to meet the objectives described in the Matters and Factors in the Approved Water 
Management Plan for the South Saskatchewan River Basin (AENV 2006), and have no significant adverse effects 
on aquatic habitat at the bridge locations or downstream, including the Glenmore Reservoir. 

The QEAS specifications include a construction and post-construction monitoring plan designed to assess the 
immediate effects of the works on the aquatic environment, assess the effectiveness of the mitigation measures, 
identify increased sediment levels, identify and implement additional mitigation or advise construction activities, 
and determine if the realignment channel meets the objectives of the CEP of providing habitat quantity, quality and 
productivity that is equivalent to or greater than the abandoned section of Elbow River channel. 

7.0 LIMITATIONS AND LIABILITY  
The information, recommendations and opinions expressed in this QAES Report for the Elbow River are for the 
sole benefit of Parsons Inc. and were prepared for the specific purpose set out herein. No other party may use or 
rely on this report or any portion thereof without Golder’s express written consent. Any use which a third party 
makes of this report, or any reliance on or decisions to be made based on it, is the responsibility of such third 
parties. Golder accepts no responsibility for damages, if any, suffered by any third party as a result of decisions 
made or actions based on this report. 

Golder has prepared this report in a manner consistent with that level of care and skill ordinarily exercised by 
members of the engineering and science professions currently practicing under similar conditions in the jurisdiction 
in which the services are provided, subject to the time limits and physical constraints applicable to this report. 

Any assessments and advice made in this report are based on the conditions indicated from published sources 
and the field programs described. No warranty is included, either express or implied, that the actual conditions will 
conform exactly to the assessments contained in this report. Where data supplied by the client or other external 
sources (including without limitation, other consultants, laboratories, public databases), including previous site 
investigation data, have been used, it has been assumed that the information is correct unless otherwise stated. 
No responsibility is accepted by Golder for incomplete or inaccurate data supplied by others. 
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8.0 CLOSURE 
We trust the above meets your present requirements. If you have any questions or require additional details, 
please contact the undersigned. 

GOLDER ASSOCIATES LTD. 

Elyse MacDonald, B.Sc., R.P.Bio, CPESC Chris Bjornson, B.Sc., P.Biol.   
QAES, Aquatic Biologist Associate, Senior Fisheries Biologist 

AC/EM/CB 

 Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 

https://capws.golder.com/sites/1408663calgarywestringroad/environmental/fisheries/qaes report/elbow river/final report/1408663_602904-003_rp0003 swcrr env elbow river qaes rev 

0.docx 
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APPENDIX A 
Channel Enhancement Plans and Realignment Drawings 
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APPENDIX B 
Highway Bridge Design Drawings 
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APPENDIX C 
Hydraulic Modelling Report 
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1.0 Introduction 
1.1 Description 

This report documents the design and assumptions made with respect to realigning Elbow River through 
proposed project bridges 28, 29, and 30 on the South West Calgary Ring Road (SWCRR) and Weaselhead 
Road.   
 
Elbow River is a perennial stream that flows west to east through the project corridor.  The floodplain is 
approximately 1.8 km wide, with the river meandering within the floodplain banks. Old oxbows and 
historical channels can be seen in the topography and aerials.    The Tsuu T’ina Nation land is located 
west of the proposed river crossing and alignment, and the City of Calgary is located east of the 
proposed river crossing and alignment.  The Glenmore Reservoir is located east and just downstream of 
the proposed river crossing.  There are no structures or fill within the floodplain in the existing 
condition.  The existing  Weaselhead Road crosses Elbow River within the project boundaries but it is 
generally an at grade road with little to no impacts to the floodplain.   
 

 
Figure 1: Existing and Proposed Elbow River 
 
In the proposed condition, the South West Calgary Ring Road corridor will cross the Elbow River.  Elbow 
River will consequently be realigned as determined in the Design, Build, Finance and Operate Technical 
Requirements (DBFO) for the project.  In Figure 1 the river realignment is shown in red.  Elbow River in 
the proposed condition will cross the project roadways south of where the current river alignment 
exists,  and tie in within the project right‐of‐way limits upstream of Glenmore Dam.  The proposed 
bridges over Elbow River include Bridge 28 at North Bound South West Calgary Ring Road, Bridge 29 at 
South Bound South West Calgary Ring Road, and Bridge 30 at Weaselhead Road.   Additionally, the 
project roadways will be constructed on embankment fills which will limit river flow passage to the 
location of the bridges.  The area of realignment lies within the Transportation Utility Corridor (TUC).    
 
Plans for the proposed improvements have been included in Appendix D. 
 
  

Elbow River 
Realignment 

Bridge 30 

Bridge 29 

Bridge 29 

ROW/ 
TUC 

Proposed 
SWCRR 
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2.0 Background Information 
2.1 Reference Documents 

The following reference documents were taken into account as part of the river realignments: 
• Southwest Calgary Ring Road (Highway 201) – Functional Planning Study, Glenmore Trail / 

Stoney Trail Interchange to Highway 22X/Sarcee Trail Interchange; Focus Corporation, 2008 
• Functional Planning Study, Report No. R‐1078, West Calgary Ring Road, Stoney Trail 69 Street 

SW to Highway 1, (Trans‐Canada Highway); Focus Corporation, 2010 
• Southwest Calgary Ring Road ‐ Functional Planning Study, Macleod Trail SE to 85 Street SW; 

Focus Corporation, 2011 
• South Calgary Ring Road – Functional Planning Study, Deerfoot Trail SE to Macleod Trail S; Focus 

Corporation, 2009 
• City of Calgary Floodplain Study; Alberta Department of the Environment, Water Resources 

Management Services, Technical Services Division, 1983 
• Stormwater Management and Design Manual; City of Calgary, 2011 
• Navigable Protection Act (and regulations); Government of Canada, 2014 
• Erosion and Sediment Control Manual; Alberta Transportation, 2011 
• Engineering Consulting Guidelines for Highway, Bridge and Water Projects; Alberta 

Transportation, 2011 
• Stormwater Management Guidelines for the Province of Alberta; Alberta Environment, 1999 
• Roadside Design Guide, Alberta Transportation, 2007 
• Design Bulletins, Alberta Transportation 
• Assessment of Elbow River Upstream Bridge Structures Impact on Glenmore Dam, dated 

November 2015 
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2.2 DBFO Design Standards 
 
The following design criteria is specifically called out in the DBFO Technical Requirements for the 
crossing of Elbow River at Bridges 28, 29, and 30: 
 
200.2.3.7.3 Weaselhead Road Bridge over Elbow River &  
200.2.3.7.4 Elbow River Crossing at Weaselhead 

• Minimum freeboard to underside of superstructure between the toe of abutment; embankment 
slopes as measured from high water level shall be 2 m;  

• Minimum design high water elevation shall be 1082.8m at Bridges 28 and 29, and 1083.0 m at 
Bridge 30;  

• Minimum Elbow River flow rate of 954 cms; 
• Piers shall not be located within the edges of the water of the realigned Elbow River stream 

under normal flow; 
• Small and large wildlife corridors with clearances as shown on Drawing 18‐A‐05.28SW, 18‐A‐

05.29SW, and 18‐A‐05.30SW which have been included in Appendix A of this report; 
• Design will accommodate the Ultimate roadway stage; and 
• The Elbow River is to be realigned beneath the bridge structures as illustrated on Drawings 18‐A‐

05‐28SW, 18‐A‐05‐29SW, 18‐A‐05‐30SW which have been included in Appendix A of this report. 
 
300.5.2.3 Hydrotechnical 

• Stream realignments shall be designed to be similar in length, slope, cross‐section, and sinuosity 
as the natural watercourses; 

• Bridge structure openings on watercourses shall be sized and protected so that over the design 
life of the structure they do not restrict, impede or deflect watercourse flow or cause an 
unacceptable level of flooding on neighbouring flood sensitive lands and developments;  

• Cause any flooding of the highway road surface;  
• Have a negative impact on local channel stability; and  
• Cause erosion affecting the stability of the bridge structure or roadway fills.  

 
 
300.5.2.3.1 Minimum Freeboard for Stream Crossings  

• Bridges shall be designed to have a minimum 1.0 m freeboard under design flow conditions, 
unless otherwise specifically noted. 
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3.0 Hydrologic Modeling 
3.1 Project Hydrologic Model Development Process 

Elbow River had been studied previously for the development of the Southwest Calgary Ring Road 
project by the City of Calgary.  This study was prepared by Klohn Crippen Berger LTD (KCB) and results 
were documented in their report titled “Assessment of Elbow River Upstream Bridge Structures Impact 
on Glenmore Dam” dated November 2015.   This document reported that a frequency analysis was 
conducted by Golder in 2014 and included the results in their Table 2.5 (see Figure 2). 
 

 
Figure 2: Elbow River Discharges from KCB Report 
 
The KCB document reported flow rates from stream gage data retrieved from Glenmore Dam which 
addressed peak flows at the Elbow River crossing at SWCRR (Bridges 28, and 29) and  Weaselhead Road 
(Bridge 30).  
 
A hydrologic analysis model of Elbow River at Weaselhead was developed by Parsons to recreate the 
flows reported by KCB and calibrated to match the stream gage data seen at Glenmore Reservoir. This 
model was developed using the Water Surface Management (WMS) version 10.0.11 software developed 
by Aquaveo. WMS is pre‐processing software that develops a HEC‐HMS computer model and downloads 
needed data from available data sources. Ground data comes from 3 arcsecond digital elevation data. 
The WMS software delineated sub basin boundaries and physical hydrologic properties, which was then 
exported to HEC‐HMS to generate a hydrologic model. Figure 3 shows the delineated watershed 
developed in WMS. 
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Figure 3: Elbow River at Bridges 28, 29, and 30 Drainage Area 
 
The HEC‐HMS model used the SCS Loss methodology with the Chicago unit hydrograph “S” curves for 
each of the evaluated return intervals following the City of Calgary Water Resources Stormwater 
Management & Design Manual, dated 2011 (referred to as the City of Calgary design manual). Rainfall 
depths for various frequency storms were obtained from the City of Calgary design manual. The 
Muskingum‐Cunge channel routing parameters used a Manning’s “n” value of 0.035 for the channel and 
a 0.070 value for the overbank area, with a 50 meters wide by 2 meters deep trapezoidal channel.  
 
The HEC‐HMS model was calibrated to the Glenmore Reservoir gage data by adjusting the SCS curve 
numbers and initial abstraction within reasonable tolerances on an iterative basis until peak flows in the 
model matched those listed in the KCB report. Final calibrations resulted in an SCS Curve number of 71 
and an initial abstraction depth of 21mm.  This curve number is slightly lower than the average SCS 
curve number of 72 cited in the City of Calgary design manual.  

 

The hydrologic analysis of Elbow River at Bridges 28, 29 and 30 determined that the upstream 
watershed has 1,176.4 square kilometers for which a  100‐year peak flow rate of 958.8 cubic meters per 
second discharges into Glenmore Reservoir with an approximate total volume of 32 million cubic meters 
of runoff. The calculated 2‐year peak flow rate is 84.8 cubic meters per second and agrees with the 
predicted discharges reported in the KCB document. 
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Table 1 summarizes the HEC‐HMS modeling parameters used to calibrate the model to the KCB 
documented 2‐yr and 100‐yr return intervals.  A summary of the HEC‐HMS analysis is shown in Appendix 
B.  Digital files of the HEC‐HMS and WMS modeling can be provided upon request. 

 

Crossing Name 
Drainage Area 

(sq-km) 

SCS Curve 

Number 

Initial 

Abstraction 

(mm) 

Rainfall 

Hydrograph 

Elbow River @ 

Weaselhead 
1,176.40 71 21 Chicago 

Table 1: Summary of HEC-HMS Modeling Parameters 
 

 

 
Table 2 summarizes the output results of the HEC-HMS model for the various return intervals. 
 

DBFO Design 

Peak Flow 

(cms) 

2-Year Peak 

Flow (cms) 

5-Year Peak 

Flow (cms) 

10-Year Peak 

Flow (cms) 

100-YR Peak 

Flow (cms) 

954 84.8 204.9 366.6 958.8 

Table 2: Summary of HEC-HMS Output Results 
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4.0 Hydraulic Modeling 
4.1 Project Hydraulic Model Development Process 

 
The Elbow River has a wide, incised floodplain of 1,500 to 2,000 meters in width, with a low flow 
channel that is 20 to 50 meters wide and meandering within steep walls of the floodplain. The DBFO 
document requires that the low flow channel be relocated to better fit the SWCRR Project proposed 
grading and bridge crossings 28, 29 and 30.  
 
To preserve the low flow channel’s hydraulic and sediment transport capacity, the relocated channel 
was aligned to match the existing channel in width, length and slope. It is anticipated that the new 
channel will eventually meander, similar to the existing low flow channel. The bridge crossings are being 
designed for the maximum scour condition with guide banks added to protect the roadway 
embankment and bridge abutments.   
 
Because the flow patterns are substantially different for various frequency flow rates, a 2D hydraulic 
model was developed for each of the bridge crossings. The US Bureau of Reclamation’s SRH‐2D program 
that has been adopted by the US FHWA was used to simulate the 2D hydraulics models for this project. 
The SRH‐2D model was developed using Aquaveo’s SMS version 11.2.12 pre‐ and post‐ processor using 
the provided LIDAR data and bridge and roadway data developed for the project.  Each model has an 
existing and a proposed scenario for the design flow condition, in addition to the proposed 2‐year and 
10‐year.  Digital files of the SMS/SRH‐2D modeling can be provided upon request. 
 
The SRH‐2D hydraulic model of Elbow River at Bridges 28, 29, and 30 contains 32,283 nodes which 
describes 75,879 irregular triangular elements covering nearly 4 million square meters. The elements 
range in size from 0.6 meters on a side at the proposed bridge to 19 meters on a side at the model’s 
extents. A manning’s “n” values of 0.04 was used for the existing and proposed channel and 0.07 was 
used for the overbank areas.    
 

4.1.1 Pre‐Project Conditions Model 

Figure 4 shows the ground elevations of Elbow River in the existing condition included in the SRH‐2D 
model mesh. Figures 5 show the materials assumed for the existing 2D model.   
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Figure 4: Existing Ground Elevations 
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Figure 5: Existing Materials Types 
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4.1.2 Post Project Conditions Model 

Figure 6 shows the ground elevations of Elbow River in the proposed condition included in the SRH‐2D 
model mesh. Figures 7 show the materials assumed for the proposed 2D model.   
 

 
Figure 6: Proposed Ground Elevations 
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Figure 7: Proposed Materials Types 
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5.0 Modeling Results 
Figures 8 through 16 illustrate the resulting water surface elevations and velocities of the SRH‐2D 
modeling for the existing design storm event, proposed design storm event, and proposed 2‐, 5, and 10‐
year storm events.  Elevations shown on the figures are reflective the results in the active channel.  
Additional elevations are presented on the existing figures to show the existing values along the 
proposed alignment. 
 

5.1 Existing Design Event 

 
Figure 8: Existing Design Flow (954 cms) Water Surface Elevations 
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Figure 9: Existing Design Flow (954 cms) Velocities 
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5.2 Proposed Design Event 
 

 
Figure 10: Proposed Improvements Design Flow (954 cms) Water Surface Elevations 
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Figure 11: Proposed Improvement Design Flow (954 cms) Velocities 
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5.3 Proposed 2‐Year Event 
 

 
Figure 12: Proposed 2-Year Storm Event Water Surface Elevations 
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Figure 13: Proposed 2-Year Velocities 
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5.4 Proposed 5‐Year Event 

 
Figure 14: Proposed 5-Year Storm Event Water Surface Elevations 
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Figure 15: Proposed 5-Year Storm Event Velocities 
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5.5 Proposed 10‐Year Event 
 

 
Figure 16: Proposed 10-Year Storm Event Water Surface Elevations 
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Figure 17: Proposed 10-Year Storm Event Velocities 
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6.0 Scour  
6.1 Analysis 

Bridge scour analysis for the proposed SWCRR improvements follows FHWA’s HEC‐18 guidance with 
scour countermeasures (Guide Banks and Rip Rap design) following FHWA’s HEC‐23 and HEC‐11.  
Calculations and design concepts are included in Appendix C. The calculated peak velocities are 
significant and will require significant protection. 
 

6.2 Mitigation 

Calculated velocities exceed 5 through the proposed bridge openings meters per second which require 
considerable stone sizes for adequate riprap protection, so a full depth grouted riprap is being proposed 
to protect the bridge abutments and roadway embankments. Constructability is a known issue when 
digging to the scour depths computed adjacent to or directly within an active river.   Because of 
constructability issues the use of alternative bank protection materials such as articulated concrete 
blocks will be evaluated as design progresses. 
 
 

7.0 Conclusions & Recommendations 
Design and analysis of the proposed river realignments and roadway crossings meets all project criteria 
as presented in the DBFO agreement.  Backwater impacts are noted along Elbow River upstream of 
Bridges 28, 29, and 30.   See Table 3 for expected backwater impacts that are calculated due to the 
proposed project bridges.  Backwater impacts in the floodplain can be measured up to approximately 
1,500 m upstream of the proposed Bridge 30, with and backwater impacts of 0.3 m (1‐ft) or greater 
occur approximately 1,200 m upstream of the proposed Bridge 30.  All backwater impacts are contained 
within the floodplain banks and impact undeveloped property within these banks.  Backwater impacts 
do not impact residences, commercial property or other developed land.  There are no known existing 
storm drain outfalls that will be affected.  Figure 18 presents the proposed minus existing water surface 
elevations, or the backwater impacts expected to incur due to the construction of Bridges 28, 29, and 30 
in the Elbow River floodplain.  These impacts are anticipated as there are currently no bridge structures 
or appreciable amounts of fill in the floodplain in the existing condition.   
 
 

Condition 

Design Flow WSEL @ 954 cms (m) 

Bridge 

28 

Bridge 

29 

Bridge 

30 

Existing 1083 1082.9 1082.79 

Proposed 1085.3 1084.7 1084.4 

WSEL Increase  2.3  1.8  1.61 
Table 3: Summary of Backwater Impacts at the Project Bridges 
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Figure 18: Proposed minus Existing Design (954 cms) Water Surface Elevation Difference 
 
 
 
 
 



   

 

 

 

 

 

 

 

 

 

Appendix A – Excerpts from the DBFO and Proposed Bridge Layout Sheets



   

 



   

 



   

 



   

 



   

 



   

 



   

 

 

 

 

 

 

 

 

 

 

Appendix B – Hydrologic Modeling Summary 



   

 

 
Hydrology Drainage area derived from WMS 
using the worldwide 3 arcsecond DEM 
 
 

 
 
  



   

 

Hydrology –HEC-HMS 
Drainage Areas 
 
Elbow River 

 
 
  



   

 

 
Rainfall Hyetograph (Chicago) 
 

 
 
  



   

 

Elbow River Sub-Basin & Routing Parameters 
SCS Loss 
 

 
 
 

 



   

 

HEC-HMS – Elbow River Hydrographs 
 
100-YR 

 
 

  



   

 

HEC-HMS – Elbow River Hydrographs 
 
2-YR 
 

 
 
 
 
 



   

 

 

 

 

 

 

 

Appendix C – Scour Computations 

   



   

 



   

 



   

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D ‐ Plans



   

 

 



 

ELBOW RIVER VALLEY QAES ASSESSMENT 

 

 

APPENDIX D 
Elbow River Site Photographs 
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APPENDIX F 
Elbow River Valley Site Photographs 

 

 
Plate 1: Elbow River Valley – view upstream at crossing location. 

 
Plate 2: Elbow River Valley – View downstream at crossing location. 
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APPENDIX F 
Elbow River Valley Site Photographs 

 

 
Plate 3: Elbow River Valley – View to left downstream bank (LDB) at crossing location.  

 
Plate 4: Elbow River Valley – View to right downstream bank (RDB) at crossing location. 

 

https://capws.golder.com/sites/1408663calgarywestringroad/environmental/fisheries/qaes report/elbow river/appendicies/appendix f - elbow river valley site photos.docx 
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