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Dear Frank Frigo: 

1 INTRODUCTION AND OBJECTIVES 
This letter report describes Phase 2 of the Nose Creek Low Energy Release (NCLER) Project (the Project). 
For a Project overview, please refer to the “Nose Creek Low Energy Release Hydrology Analysis Flow and 
Weather Data Review and Assessment - DRAFT Letter Report” (submitted August 20, 2020, to The City of 
Calgary (The City)). That letter report will herein be referred to as “Phase 1 report”. 

Channels form in response to prevailing flow (primarily) and sediment regimes, developing towards a 
natural dynamic equilibrium. Flow and sediment regimes can vary, responding to watershed changes such 
as climate change and land-use alteration, including urbanization. To best steward watercourses, 
stormwater management practices are implemented with an emphasis on addressing the hydrology, 
sediment or other changes that could shift a watercourse’s dynamic equilibrium. 

In 2007, The City adopted recommendations from the Nose Creek Watershed Water Management Plan 
(NCWWMP). The NCWWMP specified peak runoff and total annual volume targets for the Nose Creek and 
West Nose Creek watersheds to manage widening, deepening and slope adjustment that would otherwise 
be expected with increasing urbanization. Meeting these phased targets has been challenging from 
regulatory, financial, and technical perspectives, and the NCWWMP update in 2018 re-iterated the need 
for further analyses to better inform and potentially refine stormwater management targets, including 
analysis of channel morphology form and function. 

This phase of the NCLER Project reassesses the ranges and timing of flows at different morphologic risk 
levels. It evaluates the capacity for Nose Creek and West Nose Creek to convey a modified flow regime, 
different from the pre-urbanized patterns, without undergoing major geomorphic degradation. Field and 
desktop assessments, completed in context of the preceding hydrologic assessment was done to 
characterize the processes influencing morphology within undisturbed reaches of Nose Creek and West 
Nose Creek. This estimated a range of flows and/or runoff volumes representing low, moderate, and 
higher risk of degradation. The morphologic risk ranges estimated in this phase are used in subsequent 
NCLER Project phases to develop a proof-of-concept of how flow duration criteria applied to stormwater 
management facilities could mitigate potential morphologic impacts. 
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1.1 Approach 
Central to developing flow-duration criteria is the maintenance of the “channel-forming” discharge, a 
term generally synonymous with “dominant”, “effective”, and “bankfull” discharge ranges. When in a 
channel is in a dynamic equilibrium state, the flow in this range strongly influences channel geometry. 
Flows in the channel forming range typically mobilize the greatest proportion of bedload over time. 
The channel forming or bankfull flow range for many natural watercourses is centred around the 1 to 
2.5 year flow event (Leopold 1994). This phase of the NCLER Project develops risk-based ranges of flows 
on the upper and lower end of the flow duration curve (FDC), beyond the central channel forming range, 
which represent low, medium, and more elevated risk of morphologic degradation.  

FDC ranges are widely used to set management objectives for morphologic equilibrium. Any FDC can be 
re-expressed as an equivalent average runoff depth, by multiplying the flow rates by the proportion of 
time, summing the volume and dividing by the watershed area.  

The Pine Creek Drainage Study (AMEC 2007) applied FDC targets to guide the management of urbanized 
stormwater flows. The FDC concept built upon the Western Washington Flow Duration Standard 
methodology, which maintains pre-development discharges to within 10% for flows 50% to 100% of the 
1:2 year flow rate (i.e., the Q2) (Washington State Department of Ecology 2005). For Pine Creek, the Q2 
was estimated to be the “effective discharge” through bedload and sediment analyses. Flows outside the 
‘Q2 window’ (i.e., less than 50% or greater than 100% of the 1:2 flow) could increase in frequency to 
defined limits. Compared to the natural FDC, the post development flow could shift upwards outside of 
the Q2 window, allowing greater than pre-development flows to pass, since expected geomorphic and 
ecological impacts would be low.  

This letter report provides a provisional, preliminary geomorphic risk-based assessment and recommends 
further development of the methods and FDC ranges, based on instream erosion potential. This analysis 
is not a detailed geomorphic assessment. Only limited field verification could be conducted within the 
scope of the NCLER Project.  

For this Phase, key tasks included: 

• review of previous studies and recommendations 
• reach delineation and representative study area selection 
• GIS mapping of historical and current trends in form and adjustment 
• high-level field confirmation of desktop observations and limited surveys of representative channel 

cross-sections and substrate characterization 
• comparison of surveyed cross-sections with corresponding HEC-RAS models 
• calculation of bankfull channel hydraulics and critical flows for particle entrainment 
• evaluation of in-channel and total shear stress at select HEC-RAS cross sections for potential patterns 

and attenuation above bankfull  
• development of geomorphic risk based FDC zones 
• comments, assumptions, and recommendations for future analyses 
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2 BACKGROUND REVIEW 
The following summarizes three primary studies discussing the characteristics of Nose Creek and West 
Nose Creek, and recommendations for future management. The tasks summarized in Section 1 uses this 
material for comparison, and to confirm and/or update findings.  

2.1 West Nose Creek Stream Corridor Assessment, Phase I (Westhoff 2002); 
Phase 2 (Westhoff 2003); Nose Creek Basin Instream Flow Needs Study 
(Westhoff 2005); and Technical Memorandum Re: Evaluation of Source 
Control Runoff Volume Criteria (WER 2006) 

In the 2002 Phase 1 study, Westhoff Engineering Resources, Inc. (Westhoff) confirmed that West Nose 
Creek’s lower reaches were altered or degraded from decades of watershed and direct channel alteration. 
The degradation was initiated with cattle grazing and exacerbated with urbanization. Urban pressures 
stemmed from increased flows, channel/valley encroachment, and channel realignment. The 2003 Phase 
2 study evaluated the carrying capacity of the system, focusing on hydrology and ecology, with an 
assessment of stormwater management practices. Options to manage flows with respect to creek 
capacity and ecological resources were presented.  

Within six delineated study reaches, channel surveys and descriptions of geomorphologic characteristics 
were made. Hydrology and hydraulic modelling updates incorporated detailed channel cross-section and 
profile surveys. Conditions for flows up to the 1:100 year flood were evaluated. Sites with issues identified 
in Phase 1 and updates from Phase 2 were assessed to confirm priority erosion risk locations.  

West Nose Creek was described as a pool-riffle system with variable cross-section dimensions and 
longitudinal variation in slope. This suggests a system with variable flow conditions and rates/modes of 
adjustment. Channel banks were described as generally steep and composed of clays and silts, with 
occasional conglomerates and frequent bedrock outcrops. In addition to bedrock outcrops, valley wall 
contacts and dense vegetation were important to the channel planform.  

HEC-RAS analysis evaluated the capacity of the main channel, quantified hydraulic parameters across flow 
scenarios, and delineated inundation extents. The profile was evaluated for adjustments in slope, which 
is a main driver for varying channel hydraulics. Four changes in slope were noted, ranging from 0.15% up 
to 0.42% (Figure 1). The primary slope controls were bedrock outcrops in the profile, and control 
structures for an in-line pond. 
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FIGURE 1 Profile of West Nose Creek within the City of Calgary  
Source: West Nose Creek Stream Corridor Assessment - Phase 2, Figure 28 

The hydraulic analyses and channel geometry were used to plot trends for West Nose Creek for channel 
width (m), depth (m), and capacity (m3/s). When plotted against drainage area, a relationship was 
observed for reaches without urban stormwater impacts; however, urbanized reaches (approximately 
downstream of Hidden Creek Drive Northwest) showed striking increases in width, depth, and capacity 
relative to the drainage area (Figures E1 to E3 in Appendix E). However, when cross-sectional width, depth, 
and area were evaluated against channel capacity (discharge), the resulting hydraulic geometry 
relationships provided a different take (Figure 2, below, and Figures E4 and E5 in Appendix E). 

The relationship plotted for channel width against capacity suggests that urban cross-sections are 
narrowing relative to the trends observed in those of non-urban, upstream reaches (Figure 2), and 
cross-sectional area has a similar relationship (Figure E4 in Appendix E), and depth shows an increasing 
trend (Figure E5 in Appendix E). The interpretation of these relationships with respect to channel 
equilibrium is that the channel evolution is ongoing, with incision taking on the primary response and 
widening to follow. With that interpretation, it was suggested that as these urban sections attempt to 
attain a dynamic state of equilibrium, that the non-urban relationships may be used as a predictive tool 
for future geometry.     
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FIGURE 2 Top Width Versus Channel Capacity (Discharge) for Select Locations Along West Nose 

Creek (Source: Westhoff 2003) 

Hydraulic  geometry relationships for West Nose Creek were used to evaluate future channel geometry 
under different flow scenarios. The hydraulic geometry relationship for width for the upper, 
non-urbanized sites (Figure 2 and Equation 1) agreed with previous observations (Kellerhals and Church, 
1989), and matched relationships in the literature by Dr. Robert Newbury.  

Channel dimension predictions used the non-urban hydraulic geometry relationship (Equation 1) for 
pre-development, existing, and proposed development scenarios, and plotted against measured widths, 
depth, and cross-sectional areas. Overall, it was predicted that channels could enlarge in the range of 
100% or more under the proposed development scenario. Section 2.3 of this memo, summarizes the 
Morphology Study of Calgary’s creeks and rivers in reports recently observed widths for Nose Creek, 
adding context to the estimates from the 2002 & 2003 Westhoff studies. 

 W = 4.5Q0.41 Equation 1 

Westhoff estimated pre-development conditions using continuous simulation modelling calibrated using 
the limited data that was available at the time (i.e., 14 years of flow data) for reaches upstream of the 
City. Unfortunately, this limited data also coincided with a relatively dry period within the longer 
hydrologic period as described in the Phase 1 of this NCLER Project (See Technical Memorandum #1, 
Matrix 2020). Future conditions presumed maintaining a unit release rate of 2.6 L/s/ha for the 1:100 year 
event. For each scenario a 1.5% flow rate of exceedance  was predicted. The 1.5% exceedance was taken 
to be indicative of the channel capacity for non-urban, upstream reaches (Equation 1 and Figure 2).  

To mitigate urbanization impacts four options were presented: 

1. do-nothing 
2. channel design to accommodate an urban flow regime 
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3. design robust riffles (for energy dissipation and profile stability) 
4. modify stormwater management design criteria for greenfield development, by: 

a. optimization of existing stormwater management infrastructure 
b. increase storage capacity 
c. reduce runoff volumes 
d. low impact development (LID) strategies in upper reaches (new developments) 
e. stormwater quality enhancement 
f. construction of parallel stormwater trunk along West Nose Creek 

For runoff reduction, the impact of smaller magnitude and frequent storm events rather than extreme 
storm events (i.e., a 1:100 year storm) was emphasized. Ultimately, a combination of Options 2, 3 and 4 
were recommended varying between the study reaches, to mitigate the existing response of urbanized 
(lower) reaches and the predicted morphological response for all reaches. Based on information provided 
by the City, to date (2021), only limited bioengineering, channel design, and riffle implementation has 
occurred. Additionally, phased implementation of stormwater management controls has been carried out 
in new communities over the past two decades. 

The key recommendation from the 2005 IFN study was that stormwater discharges to Nose Creek should 
mimic the existing hydrological regime to the greatest extent possible to limit the probability of large-scale 
morphological adjustment, and in turn, aquatic degradation. This objective was developed in context of 
the NCWWMP’s vision and management objectives. As part of the NCWWMP recommendations, it was 
decided to establish average annual runoff volume targets rather than a more advanced FDC approach to 
try to achieve those objectives. The IFN study included Nose and West Nose Creek, so assumptions in 
channel characteristics, form, function, and urban response (i.e., enlargement) were applied across each 
watershed.  

Analysis was divided between rural and urban reaches with IFN recommendations being made for low, 
intermediate (urban only), and high flows - the latter two being more geomorphically significant. 

Stormwater volume control was recommended to address intermediate flows by maintaining a “dominant 
discharge” which occurs between 1% and 3% of the year. This approach maintains channel form and 
ecological function by flushing accumulating fine sediments from riffles and pools for example. In this 
case, all runoff up to a certain depth would be captured and retained onsite. Preliminary analyses 
presented in the IFN report suggested controlling the first 20 mm of runoff could work, but was 
subsequently found to have implementation challenges. As reflected in the subsequent NCWWMP, runoff 
volume targets and analyses implemented since 2008 have been focused on the average total annual 
runoff, over a multi-decade period with less focus on the distribution of flow rates beyond the adherence 
to 1:100 year unit area release rates. 

For high flow conditions, permissible releases were recommended based on estimated pre-development 
unit area flows (Table 1). The previous maximum allowable release rate of 2.6 L/s/ha for the 1:100 year 
return period, which had been established in the 1980s, was recommended to be reduced to 0.99 L/s/ha 
on West Nose Creek and 1.257 L/s/ha on Nose Creek for the period of April through October, based on 
gross catchment area. The previous rate reflected a limited increase in flow rate concept which 
necessitated channel capacity improvements along Nose Creek which, to date,  have not been carried out. 
However, the development horizon utilized in the 1980s had already been exceeded by 2008. 
Development beyond this horizon had been premised to meet pre-development conditions as part of the 
1980s planning. As such, the 2008 NCWWMP continued the intent of the original 1980s vision, while 
providing a more comprehensive perspective of the runoff conditions required. 
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TABLE 1 Nose Creek Basin Pre-development Unit Area Flow Rates (Source: Westhoff 2005) 

 

The IFN for low-flow conditions recommended monthly unit area discharge rates be retained in rural 
reaches, and designed for in urban reaches: 0.226 L/s/km2 (April), 0.145 L/s/km2 (May), and 0.098 L/s/km2 
(June to October). These values can be read in context with those reported on in Technical Memorandum 
#1 of the current study (Matrix 2020), which included analyses of extended hydrometric records. 
This monthly distribution while matching the then-estimated seasonal pattern does not recognize that 
local stormwater runoff response is typically highest in May, June, and July when local precipitation is 
highest. 

In a follow-up technical memorandum to the NCWP, the volume control criteria were re-evaluated (WER 
2006). Preliminary runoff volume control targets were developed after estimating natural yields in the 
order of 6.1 mm for Nose Creek, and 9.6 mm for West Nose Creek for the months of April to October 
based on effective drainage areas. The targets, which were higher than the natural values (as determined 
at the time based on limited data) were set to manage geomorphic responses. Based on trends in runoff 
volume/rates and hydraulic geometry estimates (Equation 1) channel response for an assumed 
development and SWM target scenarios were estimated. Analyses suggested increases of 100% in channel 
width, without any mitigation. LID and volume controls were recommended to manage runoff targets and 
allow some increases over the pre-development conditions, to control the morphologic and ecological 
impacts that might otherwise occur. These increases were actually less stringent than the net-zero impact 
approach envisioned in the 1980s for the lands beyond the development horizon envisaged at that time. 

2.1.1 Key Observations for Current Study 

Based on Equation 1, the flows required to widen the channel by 100% (i.e., double the width) would be 
on the order of 5.4 times the original channel forming discharge. This multiplier was translated into runoff 
volumes by multiplying the average runoff depths from April to October for Nose Creek and West Nose 
Creek of 6.1 and 9.6 mm, respectively. The 5.4 times multiplier yields predicted runoff volumes of 32.9 
and 51.8 mm for Nose Creek and West Nose Creek, respectively. This approach suggests that the runoff 
targets (Table 8 in Section 2.2) will result in a doubling of stream width; however, there is a major 
assumption that the change in channel forming flow (at 1.5% time of exceedance) would change in a linear 
fashion with the change in average annual runoff volume. The Phase 1 IFN and Phase 2 stream corridor 
work also relied on a significantly shorter hydrometric record, which appears to represent drier climatic 
conditions than the long-term average or wet cycles that are regionally evident (see TM1, Matrix 2020). 
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2.2 Nose Creek Watershed Water Management Plan (Palliser Environmental 
Services Ltd. 2008; updated in 2018) 

The NCWWMP was initiated to define strategies and targets to protect riparian areas, ecological function 
and improve water quality. Higher flows causing streambank erosion, encroachment by development, 
alteration or elimination of native riparian plants and changes to water quality were all being observed or 
are expected. The previous Westhoff studies (Section 2.1) were the basis for the stormwater management 
measures proposed in the NCWWMP.  

The primary content from the NCWWMP relating to stormwater management and geomorphology 
included: 

• “Integrated SWM practices should be implemented to improve stormwater quality, preserve the 
natural hydrology of the watershed and to mitigate negative impacts of urban development.”, and; 

• “Other watershed protection measures should be implemented to address channelization and 
cumulative effects in the Nose Creek watershed.” 

Maximum allowable release rates of 0.99 L/s/ha on West Nose Creek and 1.257 L/s/ha on Nose Creek, 
based on gross catchment area were carried forward from the IFN study to the NCWWMP. 

Phased runoff volume targets were proposed for new development in the NCWWMP (see Table 8.1). 
The targets aimed to balance increasing catchment urbanization with allowable degrees of channel 
change while recognizing baseline effects of development already put in place with less stringent controls. 
Phasing timing reflected the time believed to be needed to arrive at practical and cost-effective solutions 
to runoff volume control. The final round of targets applied in 2017 would be larger than the then-
estimated pre-development values, but were intended to limit impacts to channel morphology, aquatic 
and riparian habitat, and water quality. Despite that the ultimate targets require significant volume 
reduction by source control, abstraction or re-use, proportional increases in channel width were still 
expected (see Table 8.1). Again, these estimates were based on the data sets and analytical approaches 
explored in the stream corridor and IFN work discussed in Section 2.1. 

 
Source: Nose Creek Watershed Water Management Plan, 2008. 

Maximum allowable release rates and runoff volume control targets remained the same as the 2008 
NCWWMP plan; however, the schedule for achieving runoff volume control targets was modified 
reflecting the practical challenges with the implementation. Specifically, it was recommended the 2013 
target continued to be applied, and the 2017 target be delayed until 2021 to allow time to:  
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1. “Advance Alberta’s Water Re-Use and Stormwater Policy that will provide clear and unified direction 
from the Government of Alberta; 

2. Develop performance criteria for stormwater use that will be based, in part, on the results of the study 
“Evaluating Microbial Risks and Performance Criteria for management of Stormwater and Rainwater 
Re-use; 

3. Advance a watershed scale hydrologic/hydraulic/water quantity model to evaluate streamflow and 
SWM strategies; 

4. Advance understanding of the morphology of Nose Creek and West Nose Creek; and 
5. Implement a monitoring program to measure changes in channel morphology and water quantity 

through time.” 

The NCLER Project is a preliminary step toward items 3, 4 and 5 above, with this phase focussed on item 
4.  

2.3 Calgary Rivers Morphology and Fish Habitat Study (KCB 2017) 
The Calgary Rivers Morphology and Fish Habitat Study (morphology study) was initiated by The City to 
understand how streams’ morphology was affected by the 2013 flood, how they have since responded, 
and to assess potential future risks. Klohn Crippen Berger (KCB) catalogued sites at risk of pronounced 
morphologic changes, assessed related flooding, erosion or infrastructure risks, and assessed optimization 
of fish habitat and habitat compensation in view of knowledge of ongoing channel processes. Nose Creek 
and West Nose Creek were evaluated as separate areas within this study.  

2.3.1 Nose Creek 

Nose Creek was described as an alluvial prairie stream comprised of silt/clay dominated geologic units, 
with a fairly uniform slope of 0.12% within the City. Through urbanization, reaches of Nose Creek were 
extensively straightened and channelized as rail, roadway and other infrastructure developed. Despite the 
prevalence of silt and clay, occasional bedrock outcrops, which are important to grade control, have been 
contacted as the creek incised into the underlying siltstone and sandstone. While not described as a 
gravel-bed river, gravel bedded portions exist  and may play a role in channel geometry and grade control. 
Two somewhat distinct reaches were characterized on Nose Creek within the City limits, dividing at the 
confluence with West Nose Creek.  

In terms of flood history, Alberta Environment (1983) reported that major events occurred in 1902, 1906, 
1915, 1923, 1941, and 1948. No major floods were reported between 1948 and the early-2000s. 
Significant flood events since the 2000s include 2007 (when the maximum instantaneous discharge 
exceeded the 1:100 year estimates) and 2011 (approximately a 1:20 year return period discharge). 
The discharge from the 2013 flood for Nose Creek near the Mouth was not recorded  but has been 
estimated to be in the 1:40 year return period range. Significant flows also occurred in 2005 and 2014. 
Contextually, Technical Memorandum #1 (Matrix 2020) provides a broader overview of hydrometric and 
meteorological records. It suggests that daily, monthly and annual precipitation extremes were higher in 
the 3 to 5 year duration wet periods that recurred about every 20 years from 1885 to 1966 (Ref. Figure 2 
in Technical Memorandum 1, Matrix 2020).   

Urban stormwater contributions were roughly assessed for specific events by KCB, revealing maximum 
daily discharges, when expressed on a unit area basis, were significantly higher for the urban impacted 
reaches than for the natural ones. A total of 7.9 km (22%) of Nose Creek has been 
straightened/channelized. This has significantly altered the channel morphology as evident in air 
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photographs dating back to 1924 (See Figure 8.16 in KCB 2017). Changes in channel length steepened the 
overall channel slope to 0.12% from an original estimate of 0.093%.  

Structural bank protection along Nose Creek is infrequent (roughly 2% is armoured) despite the extensive 
channel modifications. Similarly, only two artificial grade controls were noted along the channel length in 
the form of rock dams/weirs. Within the City, the channel appears to be relatively stable laterally, but has 
incised and narrowed over the past decades. Aerial photographic evidence going back to 1924 shows that 
lateral erosion (migration, widening, planform adjustment) is a slow process. In earlier photographs, bar 
formations within the sinuous, active channel were a regular occurrence. More recently, since 
urbanization and channelization, bar formations are nearly absent, providing further evidence of incision. 
The relatively limited slope stability and bank erosion issues on Nose Creek are mainly attributed by KCB 
to the prevalence of incision rather than channel migration.  

Sediment supplied to the creek is primarily fine with little coarse material. This sediment is from bed and 
bank erosion as well as from stormwater runoff.  

Channel dimensions were not evaluated in detail; however, a hydraulic model relying on cross sections 
mostly developed from orthophoto-derived topography was used to roughly interpret morphology and 
hydraulic interactions. 

2.3.2 West Nose Creek 

West Nose Creek was described as a single-threaded, irregularly meandering alluvial channel that flows 
through natural valley corridors with wide floodplains, golf courses, and residential developments along 
the valley. KCB (2017) relied largely on the Stream Corridor and IFN studies (Westhoff 2002, 2003, 2005, 
see Section 2.1), to address hydrology, hydraulics, and morphology.   

Streamflow records only date to 1982 for West Nose Creek, with a mostly complete record to 2015. 
The 2013 event was recorded with a maximum daily discharge of 3.0 m3/s. The 1:2 year return period 
discharge was estimated at 2.2 m3/s.  

Stormwater contributions to West Nose Creek were suggested to be less than Nose Creek due to a smaller 
proportion of urbanized landcover. Based on similar event comparisons as for Nose Creek, KCB indicated 
the urban generated stormwater is important to morphological, hydrological, and ecological conditions in 
West Nose Creek. Urbanization and an altered flow regime appeared to have increased the channel 
capacity through deepening, and to a lesser extent widening in the lower reaches of West Nose Creek.  

West Nose Creek was not immune to channel realignment, though it has not endured shortening and 
steepening to the extent that was completed for Nose Creek within the City. Overall, the creek is only 
1.3 km shorter than in early photosets. Bank protection (armouring) amounts to approximately 2% of the 
total bank length. The channel has been described as partially incised, and frequently confined by fluvial 
terraces and till deposits. Like Nose Creek it appears to be laterally stable, but evidence of historical cutoffs 
suggest it has historically adjusted in plan. Bank erosion in West Nose Creek is a slow process.  

Sediment supplied to the creek is primarily from streambed and bank erosion of fine and coarse sediment. 
Stormwater outfalls also provide fine sediment. Surveyed channel dimensions (Westhoff 2003) report top 
widths ranging from 3.3 to 5.5 m. Hydraulic widths for the 1:2 year flow were much wider at 13.7 m.  
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Source: Calgary Rivers Morphology and Fish Habitat Study - Morphology Report (KCB 2017).  
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2.4 Key Considerations for Current Study 
As a summary of key considerations discussed from the previous studies above, are: 

• Stormwater discharges were understood to be best managed if they could mimic the existing 
hydrological regime to the greatest extent possible. Matching FDCs for pre-development 
(non-urban/upstream) conditions was discussed, however, controls have evolved to focus on 
maximum rates and average annual runoff volume targets, with less focus on the frequency and 
duration of flow rates in the bankfull range and lower. 

• Previous hydrologic and morphologic work was completed with hydrometric records available at the 
time, which were relatively brief (IFN relied on 14 years of discharge record) and may represent 
periods that were drier than longer term weather records (see Technical Memorandum #1, Matrix 
2020).  

• The NCWWMP adapted maximum allowable release rates from the IFN study of 0.99 L/s/ha on West 
Nose Creek and 1.257 L/s/ha on Nose Creek, for the 1:100 year storm. City staff have communicated 
that these targets result in SWM pond volumes in the multiple hundreds of cubic metres per hectare 
range. The average annual runoff volume targets, combined with the 1:100 year rate controls were 
intended to influence the frequency and duration of bankfull sized flows to manage creek outcomes. 

• Table 8.1 in the NCWWMP details phased volume targets. The 2018 update maintained but postponed 
phasing to allow related fluvial morphologic work and study to occur first. The NCWWMP targets 
encompass expected channel widening up to 100% based on the hydraulic geometry relationship 
established in the IFN (Equation 1), and certain assumptions between discharge and runoff depth.  

• The Calgary rivers morphology study summarized a flood history for Nose Creek. Alberta Environment 
(1983) reported that major events occurred in 1902, 1906, 1915, 1923, 1941, and 1948. No major 
floods were reported between 1948 and the early-2000s. Significant flood events since the 2000s 
included 2007 (when the maximum instantaneous discharge was greater than a 1:100 year return 
period discharge) and 2011 (which corresponded to a 1:20 year return period discharge). A discharge 
was not recorded for the 2013 flood. The flows provides some context when evaluating channel 
adjustment over time, however broader hydrologic and weather analysis presented in Technical 
Memorandum #1 (Matrix 2020) may contextualize morphologic considerations more fully.  

• KCB concluded that urban derived stormwater influences did appear to be impacting stability and 
channel geometry; however (at least to date), incision rather than widening appeared to be a more 
prevalent mechanism and air photo/planform tracing suggested notably consistent creek planform. 
Rates of incision were noted to be higher in West Nose Creek than Nose Creek.  

• Both Nose Creek and West Nose Creek have undergone direct modification through large scale 
channelization (i.e., Nose Creek downstream of Confluence), and localized cutoffs (i.e., West Nose 
Creek), contributing to an increased slope. Though bedrock controls are still present in both creeks 
and help to maintain reach slopes, and in-turn channel dimensions locally (upstream of outcrop).  

• Bank protection is limited along both creeks, and sediment supplied is primarily fine in nature (clay, 
silt, and sand). Substrates were described as fine along Nose Creek (silt, sand, clay), and similarly along 
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West Nose Creek; however, coarser material was observed in riffles in the IFN study. A finer channel 
composition may lead to a bolstering of the sensitivity of these creeks to increased flows, and 
confirmation of material type is required to better understand potential erosion sensitivity. 

In the IFN study and NCWWMP, it is suggested that flows that would double the width of the channel 
would be about 5.4 times the original channel forming discharge. This multiplier was directly translated 
into corresponding runoff volumes by multiplying the average runoff depths from April to October for 
Nose Creek and West Nose Creek of 6.1 and 9.6 mm, yielding runoff volumes of 32.9 and 51.8 mm for 
Nose Creek and West Nose Creek, respectively. This approach suggests that runoff targets (Table 8.1 in 
Section 2.2) will result in a doubling of stream width; however, there is a key assumption that the 
increased runoff volumes are strictly applied to the channel forming flow (at 1.5% time of exceedance) 
instead of dispersing the flow as lower discharge rates over longer time periods. This assumption may be 
inappropriate or unnecessary, making channel predictions uncertain. Additionally, pre-development 
runoff volumes were based on the limited hydrometric dataset available at the time which has since been 
extended (See Technical Memorandum #1, Matrix 2020).  

If FDCs can be maintained in the channel forming range (i.e., from half of Q2 to Q5) and pre-development 
runoff estimate updated, there is potential to evaluate increasing durations of stormwater management 
releases at rates below bankfull while managing or sustaining channel character and stability.  

3 NOSE CREEK LOW ENERGY RELEASE PHASE 1 - FLOW AND WEATHER DATA 
REVIEW AND ASSESSMENT (Matrix 2020 - DRAFT) 

Phase 1 of the NCLER Project characterized watershed hydrology including pre-development flows and 
runoff volumes using extended hydrometric and weather data not available to previous studies. Phase 1 
also characterizes hydrology in context of longer-term precipitation trends, noting that the wettest and 
driest single and multi-year sequences appear to have occurred between 1885 and 1960, with less variable 
conditions since. Precipitation-based, flow-based, and runoff-based hindcasting was completed to 
quantify the historical hydrology with varying results. Flood frequency analysis was completed to 
contextualize how the recently collected hydrometric records compare, particularly in the bankfull range, 
to previous studies. Phase 1 concluded and recommended that: 

• Precipitation-based hindcasting confirms that precipitation depth at the range of durations assessed 
was not a reliable predictor of annual runoff depth or peak flow rate. 

• Flow-based hindcasting using regional analogue stations allowed for reasonable extension and 
infilling of Nose and West Nose Creek datasets to determine daily flow data and runoff extending back 
to 1957. 

• Water balance hindcasting was able to reasonably predict magnitude and variability of historical 
average runoff depths. However, years exceeding 50 mm of runoff presented considerable 
uncertainty, and therefore reduced reliability.  

The following summarizes the Phase 1 findings in comparison to previous studies: 
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Flow Duration Curves: 
• Non-urbanized parts of Nose Creek and West Nose Creek have both experienced higher flows more 

frequently than previously reported, based on 2005 to 2018 hydrometric records. 

• Nose Creek has experienced lower flow rates more frequently than previously reported. 

• Nose Creek has experienced more flow variability than West Nose Creek than previously reported. 

Runoff Volumes: 
• The Phase 1 data suggests that mean annual (March to October) runoff volumes from non-urbanized 

parts of Nose Creek and West Nose creeks are approximately 30 to 35 mm based on effective drainage 
area and 21 to 25 mm based on gross drainage areas. These runoff volumes are considerably higher 
than those reported in the IFN study at 6.1 and 9.6 mm, respectively, which form the basis for the 
current, ultimate average annual runoff volume targets. 

Flood Frequency Analysis: 
• Frequent return period events (1:2 year and 1:5 year) have similar values to those previously reported, 

while those of lesser frequency (1:10 year and greater) are considerably lower. The 1:2 year and 1:5 
year unit flood frequency values in from Phase 1 are 0.07 L/s/ha and 0.16 L/s/ha for Nose Creek, 
respectively, and 0.05 L/s/ha and 0.13 L/s/ha for West Nose Creek, respectively. Between 2005 to 
2018, the 0.07 L/s/ha 1:2 year value was exceeded in 10 of 14 years. 

For Phase 2, the key considerations from Phase 1 are: 
• Updated runoff patterns utilizing recent systematic hydrometric data should be the basis for 

interpreting FDCs developed in Phase 2, rather than the appreciably lower values developed 
previously without the benefit of the newer data. 

• Water balance hindcasting is too uncertain to obtain a sufficient understanding on historical flows for 
evaluation against geomorphological observations but provides a rough context to guide the 
hydrology considerations for morphologic analysis. Natural hydrologic variability appears to have 
been greater in the decades between the prior to 1960. 

4 NOSE CREEK LOW ENERGY RELEASE PHASE 2 - DESKTOP ASSESSMENT 

4.1 Study Area and Reach Delineation 
The desktop analysis and field confirmation focused on reaches within the city limits. Reach delineation 
built upon the Westhoff and KCB (Westhoff 2003, KCB 2017) studies, extending from the mouth at the 
Bow River up to the city Limit (Figure 3).  

KCB’s morphology study (KCB 2017) documented the severity of anthropogenic modification along Nose 
Creek, downstream of the confluence with West Nose Creek. These channelized portions, although still 
sensitive to changes in flow regime, do not best represent the natural response or natural 
sensitivity/instability of the Creek to hydrological changes. Accordingly, this study focused on Nose Creek 
and West Nose Creek upstream of the confluence, within the current city limits (Figure 4).   
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This does not suggest that these Creek sections have been unaffected by an altered flow regime or other 
urban impacts. In fact, several stretches have shown to have been influenced by urban runoff impacts 
(Westhoff 2003) as portions of lower West Nose Creek are enlarging or have been modified directly (e.g., 
golf course modifications). However, in general these reaches are sinuous within a more expansive 
floodplain than those reaches downstream of the confluence. These reaches should have more freedom 
to develop and evolve, except in few reaches with bank protection or other structures have been 
implemented. 

Physical factors such as streamflow patterns, sediment inputs (size and quantity), valley shape, 
soils/geology, land use, freeze and thaw cycles, vegetation, and other parameters influence the shape and 
stability of a channel (i.e., its morphology). These factors can vary considerably along the creek. To account 
for changes, channels are often assessed in reaches having similar characteristics. Study reaches typically 
range from 0.2 to 2 km. Reaches experience similar controlling and modifying influences, and reflect 
similar form, function, and processes. Reach delineation considers parameters such as channel planform 
(i.e., sinuosity), channel gradient, land use, hydrology, soil type and surficial geology, degree of valley 
confinement, channel modifications, and vegetative control.  

Where a channel profile is available, it provides a valuable means to develop the initial placement of reach 
breaks. Other characteristics may be applied in adding further breaks within each slope segment. Channel 
slope (gradient) is often controlled by surficial geology and is a main driver for reach-scale changes in 
velocity, shear stress, and stream power. Using available HEC-RAS profiles, slopes within Nose Creek were 
found to be similar throughout, and reach breaks were not defined primarily on slope. This approach was 
similar to KCB’s morphology study (KCB 2017). Within West Nose Creek distinct changes in slope, partially 
relating to bedrock outcrop controls in the profile, were noted. Reach breaks were similar to the West 
Nose Creek Stream Corridor Assessment, Phase 2 (Westhoff 2003). HEC-RAS profiles and reach limits are 
shown in Figures 5 and 6. Within the focused study area (i.e., above the confluence), six reaches were 
delineated along Nose Creek (NC-6 to NC-11), and West Nose Creek (WNC-1 to WNC-6; Figure 4). Reaches 
NC-1 through NC-5 on Nose Creek are found within the city that has undergone channel 
straightening/realignment, and do not fall within the focus study area. 
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FIGURE 5 Nose Creek Profile Plot (HEC-RAS) with Reach Limits 
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FIGURE 6 West Nose Creek Profile Plot (HEC-RAS) with Reach Limits 
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4.2 Reach Characterization  
General desktop level characterization for each reach was completed using available orthophotography 
(current and historical), topography data in GIS, and aerial imagery from The City. This characterization 
provides a brief, relative comparison of the observations. Tables 2 and 3 summarize the high-level 
characterization completed using 2015 orthophotography to measure average channel width, reach 
length, slope, and sinuosity. Channel widths were measured manually in ArcGIS in equal intervals along 
the reach. 

TABLE 2 High-level Desktop Characteristics of Nose Creek Reaches 

Reach Average 
Width (m) Length (m) Slope Sinuosity Comment 

NC-6 7.2 997 0.11% 1.5 

Shows more stability than downstream reach NC-5. 
Partially realigned pre-1979. Some localized bank 
slumping. 

NC-7 8.3 2610 0.10% 1.79 

SWM ponds excavated in 1997 imagery. Flat weirs 
visible in channel at online pond. Channel widened 
to accommodate online pond. The SWM pond 
discharges shortly upstream of online pond.  

NC-8 8.5 3990 0.17% 1.62 
Localized bank erosion on outside meanders. 
Sparse riparian vegetation in floodplain. Planform 
has remained relatively unchanged since 1924. 

NC-9 8.9 1150 0.14% 1.6 

Chanel has been recently realigned around SWM 
excavation in 2012 and introduced channel 
sinuosity. Outside bank of designed meanders have 
been armoured. 

NC-10 6.6 5457 0.10% 2.12 

Localized bank erosion on outside meanders. Most 
of the observed erosion is where the channel is 
eroding into the valley wall toward the railway on 
the right bank. 

NC-11 8.3 2208 0.09% 1.68 
Channel recently realigned around SWM pond 
excavation in 2012. Width of channel narrows 
toward upstream extent at road. 

SWM – stormwater management 

TABLE 3 High-level Desktop Characteristics of West Nose Creek Reaches 

Reach Average 
Width (m) Length (m) Slope Sinuosity Comment 

WNC-1 4.3 2451 0.40% 1.35 

Toe erosion and localized bank slumping causing 
channel widening. Riparian zone generally well 
vegetated will tall grass. Evidence of historic 
cut-offs and chute channels beginning to form. 

WNC-2 4.7 1217 0.47% 1.22 
Channel flows through golf course constructed in 
1997 imagery. Localized bank erosion on meanders 
that are not armoured. 

WNC-3 4.4 3229 0.17% 1.79 Channel continues to flow through golf course and 
is generally stable. 
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Reach Average 
Width (m) Length (m) Slope Sinuosity Comment 

WNC-4 4.9 3170 0.31% 1.74 

Channel has been realigned around numerous 
SWM ponds excavated between 2004 and 2012. 
Some channel widening noted around northern 
SWM pond. 

WNC-5 5.1 5006 0.11% 2.1 

Channel realignment occurred in 2004 to 
accommodate highway widening. Channel 
planform remains relatively unchanged. SWM 
ponds were constructed in 2012. 

WNC-6 3.4 3981 0.18% 1.62 
Reach is north of city limits and appears relatively 
stable. Large oxbow lake toward northern extent 
of reach where channel cut-off in 1926. 

4.3 Historical Channel Mapping  
Using orthophotography, polygons were traced to represent the bankfull channel. Previous efforts relied 
on the water’s edge to digitize a series of historical geometries, and with vertical banks being a regular 
characteristic of this system, the difference in the position of bankfull to water’s edge might only be slight. 
However, there are instances where a low water level may result in smaller bankfull extents being digitize. 
Alternately, if photography occurred during flood events, placement of bankfull may become larger in 
some instances. Bankfull traces are represented as polygons in Figures 7 through 14 for select reaches. 

As the NCLER Project aims to evaluate the sensitivity of each creek to an altered flow regime and assess 
potential geomorphic changes, it is useful to observe historical adjustment and relate changes to 
events/wet periods. Several reaches within the study area are already subject to influences from 
urbanization (e.g., minor realignment, bank hardening, in-channel structures and introduction of SWM 
runoff). Therefore, the least impacted reaches (NC-8, WNC-5, WNC-6) were focused on to observe and 
attempt to understand natural adjustment over time. Additionally, a regional surrogate or analogue reach, 
with fully rural land use was selected for comparison along the Rosebud River.  

Orthophotography was available for several years dating back to 1924, with partial spatial coverage. 
The known flood record presented, and recent events covered in the Phase 1 report were considered 
when assessing the photography. The objective was to select a few years for digitization with flood events 
in the recent record (refer to Figures 3b and 4b in Matrix’s flow and weather letter report), or by selecting 
photosets between wet periods (refer to Figure 2 from TM1, Matrix, 2020).  

Around the available photograph record, flood events occurred in 1902, 1923, 1941, and 1948. 
More recently, flood events since 2000 have exceeded the 1:2 year return period flow several times. Flood 
frequency estimates from the Phase 1 report are included below for reference. 
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Historical Planform Traces of West Nose
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Figure

Historical Planform Traces of West Nose
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Figure

Historical Planform Traces of Rosebud River
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TABLE 4 Flood Frequency Estimates for Nose Creek and West Nose Creek (Phase 1 Report -Includes 
Synthesized Data 1959 to 2018) 

Return Period 
(Years) 

Nose Creek above Airdrie West Nose Creek at Calgary 

Flow 
(m3/s) 

Flow  
(L/s/ha) 

Gross DA: 247 km2 

Flow 
(m3/s) 

Flow  
(L/s/ha) 

Gross DA: 275 km2 
20 8.5 0.35 7.4 0.27 
10 6.2 0.25 5.3 0.19 
5 4.1 0.16 3.5 0.13 
2 1.7 0.07 1.5 0.05 

The 1:2 year flow was exceeded in 8 years on both creeks since 2005, with major flow events occurring 
on both creeks in 2014 and 2018. Nose Creek experienced significant events in 2007 and 2011, while West 
Nose Creek had relatively large events in 2013, 2014, and 2018, ranging between 1:5 and 1:20 year 
severity based on maximum instantaneous flows.  

Based on flood analysis, years selected for assessment are: 1924 (various dates), 1948 (August 31), 1979 
(November 7), 1997 (September), 2005 and 2015. Photographs for the Rosebud River were acquired for 
1974, 1977, and 2018, covering 4,000 m from Carstairs Creek to below WSC’s Rosebud River below 
Carstairs Creek (05CE006) station. Banks were digitized and used to derive channel lengths (Tables 1 and 
2). Polygons were overlain for each year to look at overall trends in adjustment. Channel lengths for NC-8 
and WNC-5 have been calculated by using the right bank length for each polygon, and mean widths were 
determined for each by dividing area by length to provide a better representation of overall width 
adjustment rather than at a cross-section.  

Figures 15 and 16 show length and width adjustment from 1924 to 2015 for NC-8 and WNC-5, respectively. 
NC-8 shows an overall lengthening of 30 m from the first period of measurement, and a slight narrowing 
of 1.4 m (or 14% narrower). The removal of a constriction between 1948 and 1979 appears to have 
contributed to the observed narrowing, which subsequently widened by 1995. WNC-5 shows a different 
planform trend with overall shortening of 50 m overall. Much of this occurred between 1924 and 1948, 
and appears to be a combination of photographic issues and narrowing of the channel moving the right 
bank closer to the centreline. WNC-5 also exhibited narrowing over the photograph record, but essentially 
remained stable with a loss of only 0.77 m in width over 89 to 91 years. This may be attributed to bedrock 
controls along WNC-5.  

Error associated with City ortho-rectification has not been evaluated at this level of study. Due to this 
uncertainty along with historical modifications to the channels, these results are not considered to 
represent a significant trend in channel width data.  
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FIGURE 15 Mean Width and Total Length for a Measured Section of NC-8 (~ 1.8 km) 

 

 

FIGURE 16 Mean Width and Total Length for a Measured Section of WNC-5 (~ 1.0 km) 
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At a high-level, both creeks were relatively stable in planform and width over the period of photographic 
record, while having conveyed several flows above the bankfull level, including larger infrequent flood 
events (e.g., 2007 and 2013 on Nose Creek). This suggests that the range of historical flows has not pushed 
the channels beyond an equilibrium state, whereby the prevailing channel morphology is generally 
maintained by bankfull flows and does not appear to have been significantly impacted by larger events or 
the overall hydrology of the evaluated period.  

4.4 Desktop Conclusions 
Previous work noted clay/silt banks, bedrock contacts, and additional stability provided by vegetation. 
These characteristics contribute toward a degree of channel stability. Vertical bedrock controls seem to 
provide stability in planform and width as observed within a ~1 km segment of WNC-5. Incision has been 
previously observed through Nose Creek and West Nose Creek, and may be ongoing. Channel widening 
or other bank adjustments may follow in the decades after initial incision; however, within reaches WNC-5 
and WNC-6, incision would not likely be as pronounced as in downstream reaches. A lack of bar forms in 
NC-8 also suggests some ongoing incision, however they may be other dynamics that contribute to a lack 
of bar forms in terms of sediment supply (e.g., the presence of in-line ponds in Airdrie was noted), bed 
mobilization, and vegetation dynamics.  

Despite also noting general planform consistency, KCB’s morphology study (2017) observed several 
meander scars and scrolls in the floodplain along Nose Creek and West Nose Creek, indicating natural, 
historical planform adjustment. Enlarged mapping in Figures 8 (NC-8), 10 (WNC-5), and 12 (WNC-6) reveal 
that channel migration is ongoing but is a relatively slow process. Overall, there does not seem to be any 
observable trend in either direction for channel width, but there was some slight narrowing observed in 
the data interpreted to be within the range of natural variability and methodological error. With respect 
to major flood events in recent decades, there has not been a pronounced channel response and/or 
recovery for the bankfull channel. However, there is likely some adjustment under these events within 
the bankfull cross sections at lower elevations that is not measurable within the aerial photos. Valley wall 
contacts also limit channel migration in these systems. The Rosebud River has similar trends in channel 
migration laterally and downstream, where it appears to be a slow process in the non-urban reach (see 
Figures 12 through 14).  

Overall, the photographic interpretation suggests that less-urbanized sections of Nose Creek and West 
Nose Creek appear resilient to the magnitude and frequency of historic flood events and compare similarly 
to Rosebud River (a non-urban, analogue reach). The suggested resiliency to historic floods lends to the 
notion that sub-bankfull events also have marginal impacts that require long time periods to cumulatively 
change channel form and stability. As such, a better understanding of the stability of in-channel features 
and boundary materials with respect to bankfull and sub-bankfull events can be obtained though field 
based analysis (e.g., erosion potential). Cursory-level field investigations by both the study team and City 
staff can help to validate the desktop observation of relative stability for frequent and sub-bankfull events 
(Refer to Section 4). This inferred resiliency suggests that moderate increases in the duration of 
sub-bankfull flows, while maintaining flows within the channel-forming range are unlikely to have 
pronounced morphologic effects.  
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5 FIELD INVESTIGATIONS 

5.1 City of Calgary Observations 
A runoff event on July 13, 2020, generated a peak flow of 1.3 m3/s at the Nose Creek above Airdrie (WSC 
ID: 05BH014). Flows remained above 1.0 m3/s for 2 days following (Frigo 2020, Pers. Comm.). This event 
approached the bankfull range of 1.7 m3/s, whereas more intense precipitation further downstream 
resulted in levels at or above bankfull.  

To assess conditions at this elevated flow, City staff floated 10 km of Nose Creek on July 15, 2020, from 
Reach NC-10 to NC-8. Observations and interpretations include: 

• Bedrock outcrops form direct grade controls on the bed, or indirectly as fractured boulder material 
accumulates at the toe and is distributed across the bed. 

• Bank observations from previous studies were confirmed with a primary composition of silt and clay 
with occasional coarse material - gravels and cobbles. Most of the bank length had consistent, dense 
vegetative cover. 

• Bed material was much coarser than previously reported with occurrences of fine cobbles throughout. 
The D50 was approximated from grab samples at 2.5 cm, with a broad distribution. Fine material 
quickly washed out when grabbing samples below the water surface. 

• Riffles and pools were observed throughout, irregularly spaced. This observation was not previously 
reported for Nose Creek. Note: Irregular spacing can be attributed to the irregular meander pattern 
and profile controls of bedrock and larger riffle-type features.  

• Aquatic plants (macrophytes) were observed rooted among coarse material.  

• Bank erosion was noted along some channel sections. Occasional toe erosion, slumping, and calving 
of vegetated sod blocks was noted, though typically limited to short reaches.  

• Bar forms were unpredictable around meander bends and comprised of primarily silts and sands. Soft, 
unconsolidated bars formed in slower moving sections with vegetation growth.  

• Site photography suggests some channel incision and disconnection from the floodplain for regular 
flood events.  

• Channel width was relatively consistent, though narrower at riffles than pools.  

• Channel stability was relatively high following multiple bankfull or near bankfull events, similar to the 
observations made in Section 3.3. 

5.2 Channel surveys 
To better characterize each reach and provide a means to evaluate channel sensitivity through sediment 
mobilization, the study team surveyed a single representative cross-section and broadly characterized bed 
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and bank materials in select reaches. Surveys were completed on September 22 and 23 of 2020. The 
survey sites were selected to be representative but also offer safe and accessible access. Only WNC-3 was 
not included during field data collection. The Rosebud River was evaluated near the WSC station at 
Rosebud River below Carstairs Creek (05CE006).  

At each cross-section measurements of channel dimensions extended above bankfull level. High-level 
characterizations of vegetation, bed and bank materials were documented. Along the cross-section top of 
bank (TOB), bottom of bank (BOB), bottom of vegetation (BOV), channel thalweg, and the water surface 
elevation were identified. Observations made at each site follow, while cross-section plots are available 
in Appendix A. Site photography is included in Appendix B. The City’s observations are provided in 
Appendix C. High-level observations of bed substrates only allow for visual estimates of index particle sizes 
for analysis (i.e., D50 and D90). Additional field investigations would be required to better characterize each 
reach and refine the analysis.  

The following summarizes some general observations, followed by reach specific observations: 

General Observations 
• Dry conditions were experienced prior to fieldwork so flows were low. WSC’s Nose Creek above 

Airdrie station reported a flow of 0.05 m3/s, and West Nose Creek at Calgary reported a flow of 0.25 
m3/s during the surveys. However, flows within the surveyed sections were visually estimated to be 
greater than the measured discharges at these two stations, which may suggest some under-
calibration of the provisional real-time flows.  

• Banks were well vegetated with rooting depths slightly above surveyed water levels, which indicate 
low flow conditions. Accordingly, rooting depths were generally within a few tens of centimetres from 
the bed. 

• Nose Creek riffles were primarily cobbles and gravels. Visual estimates of D50 and D90 were 2 to 10 mm 
and 20 to 40 mm, respectively.  

• West Nose Creek riffles were primarily consisting of finer gravel, with some bedrock observed. Visual 
estimates of D50 and D90 were 1 to 5 mm and 10 to 40 mm, respectively. One cross-section was noted 
to be entirely sand (WNC-6).  

• Riffles were not observed to be armoured for both creeks as surface material and subsurface material 
was similar in size and distribution.  

• Soft banks were noted, but riffles were not being outflanked. Riffles were narrower sections than 
pools, with little point bar development.  

• Rosebud River was not deemed a representative reach following fieldwork. Primary differences 
included: clay bed material, lack of natural riffles, less bedrock influence, and localized boulder 
deposits. 

  

DRAFT

ISC Confidential



29946-530 LR 2021-11-22 draft V0.3.docx 35 Matrix Solutions Inc. 
 

Reach-specific Observations 
NC-10 
• Bedrock exposed at several locations along the creek, both in the valley wall and in the valley bottom. 

• Surveyed riffle was composed of fine-to medium gravel, with no apparent armouring. 

• Pool upstream of the measured section contained some larger slabs of bedrock, likely from an 
upstream failure of the left bank. 

NC-8 
• Surveyed riffle was composed of similar gravel to NC-10, but at this site there are also several 

boulders. 

• Wide pools located upstream and downstream of the riffle. 

NC-7 
• Bed silty near the bank, but most of the material was gravel with about the same texture as at NC-10 

and NC-8. There were numerous cobbles at the surface. Bank material was silt. 

NC-6 
• Numerous groundwater seeps entering the left side of the creek. 

• Surveyed riffle material is a similar gravel, with many cobbles at the surface. 

• Some rounded cobbles observed in the bank. 

• A very wide pool has formed downstream of another riffle 70 m downstream of the surveyed section. 
The right bank of this pool shows some historical instability. Gravel along bed. The riffle downstream 
of this pool contains slabby bedrock fragments.  

WNC-1 
• Bank protection at several locations, and a little apparent bank instability. 

• Riffle material is a little finer than in Nose Creek, but still mostly gravel. There is a small degree of 
armouring. 

• More aquatic vegetation than within Nose Creek. 

WNC-2 
• Almost the entire reach is lined with boulders. 

• Surveyed cross-section appears to be natural.  

• Riffle material is gravel similar to WNC-1. 
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WNC-4 
• Bedrock outcrop on the left bank and bedrock extends halfway across the creek bed. The other half 

is gravel, slightly coarser than at WNC-1 and 2. 

• Right bank comprised of silt and clay. 

WNC-5 
• Very heavily vegetated banks. 

• Surveyed riffle is gravel with some cobble and occasional boulders on the surface.  

• Some apparent armouring. 

WNC-6 
• Firm sand bed, partially covered with fine silt/organic material. 

• No riffle features, only representative cross-section. 

• The left bank shows lots of evidence of cattle trampling; however, vegetation provides sufficient 
stability to maintain bank. 

• The channel upstream of the Mountain View Road seems to be narrower, without any evidence of 
cattle activity. 

Rosebud River 
• Natural riffle could not be located.  

• Numerous localized deposits of rounded boulders observed. 

• Banks have been trampled by cattle in a few locations. 

• Exposed bedrock on the bank in a few locations. 

• Bed material at the surveyed section is a mix of clay, sand, and gravel. 

• Upstream of the Highway 284, there is more evidence of cattle trampling.  

 Bed material consists of fine gravel mixed with finer material. 
 Some instances of bank slumping. 

• Like Nose Creek, a pool was observed that was substantially wider than the rest of the reach. 
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6 ANALYSIS 

6.1 Channel hydraulics and erosion threshold analysis 
Bankfull channel hydraulics were estimated from cross-section surveys using the lower TOB elevation 
within each section, an estimated Manning’s roughness of 0.035, and general water surface slopes of the 
1:2 year event from available HEC-RAS models. Calculation of bankfull hydraulics allows for direct 
comparison to particle entrainment values for assumed index particle sizes (D50 and D90).  

A preliminary erosion threshold analysis was completed for the visually estimated D50 and D90 grain sizes 
for each reach. Erosion thresholds are used to determine the hydraulic conditions (i.e., discharge, channel 
depth, average channel velocity, etc.) that would entrain bed and/or bank materials of a given particle 
size. This estimates the ‘threshold’ condition that will start to mobilize sediment. 

The goal of the erosion threshold analysis is to determine the discharge that will begin to entrain boundary 
materials for a watercourse. However, selective transport of finer materials below the dominant threshold 
may also play an important role in sediment transport within some systems . Erosion and deposition are 
natural processes that are necessary for the maintenance of channel form and function. Flows will 
periodically naturally exceed the threshold discharge driving erosion/transport and sediment/deposition 
throughout the channel. As such, to maintain the natural function and equilibrium, a typical objective is 
to ensure that hydrological conditions from future land use changes do not result in channel flow 
exceeding the threshold discharge more frequently than under existing conditions. In this study, the 
estimated erosion thresholds are referenced to conceptualize FDCs based on risk of particle entrainment.  

There are many methods to determine velocity or shear stress to mobilize a given particle, from which a 
critical discharge may be determined. The Shields’ approach for critical shear stress as modified by Miller 
(1977) was applied in this instance as it covers a wide range of grainsizes and yields results within the 
ranges of other methods, providing a reliable preliminary threshold. More specialized methods were not 
used due to the lack of detailed substrate analysis.  

Tables 3 and 4 provide estimates of bankfull hydraulics and corresponding erosion thresholds for each 
cross-section. Cross-sections were surveyed in each reach above the confluence to evaluate the current 
geomorphic sensitivity of Nose Creek and West Nose Creek to increased flows. This analysis can be 
repeated with greater detail on focused representative sites in future studies. 

The results show that in equilibrium conditions, the median particle size would be expected to mobilize 
under bankfull flows. These preliminary estimates of critical discharge indicate that at some locations the 
D50 will mobilize under flows less than bankfull, while in others not until the discharge reaches 3 to 5 times 
bankfull. Entrainment of the D50, and even D90 could occur below bankfull in some reaches. This suggests 
that the channel bed material may be sensitive to erosion, and this presents some risk with respect to 
potential increases in sub-bankfull flows. In addition to collecting more detailed field data for the bed 
material, further advancement of the erosion threshold approach is warranted, including consideration 
of selective transport models and the integration of thresholds for cohesive and well-vegetated banks. 
Ultimately, the goal for each reach would be to characterize a most representative morphological 
threshold in terms of a critical discharge, or range of discharges. Continuous turbidity and available 
laboratory measured TSS data may also be analyzed to compare with erosion threshold interpretations. 
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It is important to note that based on the September 2020 surveys and analysis here, the bankfull estimates 
are higher than those from previous studies. The range of bankfull discharge calculated for select reaches 
in Tables 5 and 6 are 2 to 4 m3/s for Nose Creek and 2 to 6 m3/s for West Nose Creek. The average value 
for both Nose Creek and West Nose Creek from this analysis is about 3 m3/s. 

6.2 Conceptual Flow Duration Curves 
In a pilot study for a stormwater management system on Pine Creek in Calgary, an FDC based target for a 
stormwater pond discharge was proposed (Figure 17). The concept maintains pre-development 
discharges (to within 10%) for flows between 75% and 200% of the 1:2 year return period discharge (i.e., 
Q2 window), with Q2 taken to roughly represent the bankfull flow, dominant or channel-forming discharge. 
In this pilot, flows below 75% of the Q2 flow could be more frequent, as could flows above 200% of the Q2, 
though the 1:100 year flow rate would still match predevelopment conditions. Compared with the natural 
FDC for Pine Creek, the target curve allowed shifts upwards above and below the Q2 window, assuming 
geomorphic and ecological impacts would be low. Refinement of proposed pilot range may be completed 
as literature or more detailed analysis on channel processes and hydrology evolve. Critical discharges 
based on erosion thresholds for the sensitive reaches may also be investigated to verify the FDC approach.  

 

FIGURE 17 Pine Creek Pilot Concept 
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TABLE 5 Estimates of Bankfull Hydraulics and Erosion Thresholds - Nose Creek 

Highlighted cells represent critical discharge values 

  

Parameter 
Reach 

NC-10 NC-8 NC-7 NC-6 
BKF D50 D90 BKF D50 D90 BKF D50 D90 BKF D50 D90 

Depth (m) 0.82 0.59 1.85 0.88 1.58 3.30 0.59 0.96 2.28 0.63 1.10 2.29 
Area (m2) 3.90 2.43 15.91 4.06 14.09 42.28 3.58 7.29 25.60 5.70 14.73 47.44 
Wetted Perimeter (m) 7.25 6.55 14.29 8.26 17.27 17.27 7.25 12.97 15.17 10.55 26.19 28.11 
Total Width (m) 6.64 6.14 13.57 7.44 16.32 16.32 6.59 12.16 14.30 10.16 25.71 27.60 
Hydraulic Radius (m) 0.54 0.37 1.11 0.49 0.82 2.45 0.49 0.56 1.69 0.54 0.56 1.69 
Velocity (m/s) 0.85 0.66 1.37 0.54 0.75 1.57 0.65 0.71 1.47 0.69 0.71 1.47 
Discharge (m3/s) 3.30 1.61 21.84 2.18 10.61 66.19 2.32 5.16 37.66 3.93 10.42 69.80 
Qcrit:Qbkf (%) -- 49 662 4.39 487 3038 -- 223 1625 -- 315 1777 
Average Bed Shear Stress (N/m2) 10.56 7.28 21.84 19.44 94.66 590.67 6.39 7.28 21.84 7.00 7.28 21.84 
Stream Power (W/m) 64.72 31.49 428.42 2.61 5.80 36.19 30.00 66.78 487.49 50.83 134.87 903.49 
Stream Power per Unit Width (W/m2) 9.75 5.13 31.57 82.68 3.89 24.94 4.55 5.49 34.09 5.01 5.25 32.74 
Particle size (mm)   10.00 30.00   10.00 30.00   10.00 30.00   10.00 30.00 
Slope (%) 0.20 0.09 0.13 0.13 
Critical Shear N/m2 (Miller et al. 1977) -- 7.281 21.843 -- 7.281 21.843 -- 7.281 21.843 -- 7.281 21.843 
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TABLE 6 Estimates of Bankfull Hydraulics and Erosion Thresholds - West Nose Creek 

Parameter 
Reach 

WNC-1 WNC-2 WNC-4 WNC-5 WNC-6 
BKF D50 D90 BKF D50 D90 BKF D50 D90 BKF D50 D90 BKF D50 D90 

Depth (m) 0.99 0.13 0.51 0.66 0.11 0.40 0.66 0.22 1.32 0.72 0.27 1.83 0.77 0.10 0.19 
Area (m2) 4.54 0.12 1.72 2.33 0.22 1.28 2.23 0.38 8.19 2.72 0.85 12.52 2.40 0.08 0.26 
Wetted 
Perimeter (m) 

7.70 1.73 5.99 4.84 2.90 4.17 5.19 3.38 12.25 7.32 3.90 9.61 5.27 1.52 2.57 

Total Width (m) 6.66 1.62 5.51 4.26 2.85 3.85 4.30 3.28 10.79 6.62 3.72 8.90 4.79 1.50 2.50 
Hydraulic Radius 
(m) 

0.59 0.07 0.29 0.48 0.08 0.31 0.43 0.11 0.67 0.37 0.22 1.30 0.46 0.05 0.10 

Velocity (m/s) 1.45 0.35 0.89 1.22 0.36 0.90 0.94 0.38 1.26 0.61 0.43 1.41 0.87 0.20 0.32 
Discharge (m3/s) 6.56 0.04 1.54 2.84 0.08 1.16 2.10 0.14 10.33 1.66 0.36 17.65 2.09 0.02 0.08 
Qcrit:Qbkf (%) -- 0.67 23.43 -- 1.22 40.75 -- 2.19 492.60 -- 5.51 1061.63 -- 0.24 4.01 
Average Bed 
Shear Stress 
(N/m2) 

29.93 3.64 14.56 22.84 3.64 14.56 14.04 3.64 21.84 6.24 3.64 21.84 6.52 0.73 1.46 

Stream Power 
(W/m) 

333.01 2.23 78.02 134.78 3.79 54.92 68.50 4.69 337.42 27.87 6.06 295.93 29.88 0.22 1.20 

Stream Power 
per Unit Width 
(W/m2) 

50.00 1.38 14.17 31.65 1.33 14.25 15.92 1.43 31.27 4.21 1.63 33.25 6.24 0.15 0.48 

Particle size 
(mm) 

  5.00 20.00   5.00 20.00   5.00 30.00   5.00 30.00   1.00 2.00 

Slope (%) 0.52 0.49 0.33 0.18 0.15 
Critical Shear 
N/m2 (Miller et 
al. 1977) 

-- 3.64 14.562 -- 3.64 14.562 -- 3.64 21.843 -- 3.64 21.843 -- 0.728 1.456 

Highlighted cells represent critical discharge values 
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6.2.1 Flow Duration Curve Concept 

The Q2 window concept was maintained in the current study though dominant bankfull or channel forming 
values do not always correspond to Q2. In some cases, dominant bankfull or channel forming discharge 
may correspond to Q5 or higher (see also Copeland et al. 2000 and Edwards et al. 2019). As a practical 
target to limit morphologically significant increases in bedload sediment transport, half of the 1:2 year 
discharge (50% Q2) was adopted as the lower end of the Q2 window following the recommendations in 
other studies (Booth and Jackson, 1997). Similarly, the upper end was set to Q5.  

Accordingly, for this analysis, the Q2 window extends from 50% Q2 to Q5 (see Figure 17). In this window, 
matching the pre-development FDC is critical to manage the risks of geomorphology changes.  

It is also important to define how the shape of the FDC reflects the hydrological regime in terms of climate 
and geology (Searcy 1959). The central slope of the curve is indicative of its average annual runoff 
response (Figure 18). Watercourses with steeper curves have higher flow variability from direct runoff 
and watercourses with flatter curves have lower variability due to the slow release of basin storage. The 
low-flow portion of the FDC may either continue at a flat slope or show a steepening inflection 
representing basin storage and precipitation seasonality insufficient to sustain baseflows. The high-flow, 
flood runoff response portion of the FDC may be steeper due to direct runoff events and flashy basin 
response or flatter due to drawn out snowmelt basin storage. This hydrological framework can be utilized 
for the FDC concept to define three runoff response modes that may vary across the flow duration curve: 
the average annual runoff response; the low-flow response; and the flood runoff response (see Figure 18). 
For the purposes of this study, the low-flow response is taken to be flows below the downward inflection 
point in the FDC (where it exists) and the high-flow runoff response is taken at recurrence intervals above 
the Q5. 

 
FIGURE 18 Hydrological Runoff Response Modes from Shape of Flow Duration Curve 
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The following sub-sections provide a provisional geomorphic risk-based assessment of the FDC concept 
outlined above and recommends further development of the methodology based on instream erosion 
potential. This analysis of preliminary FDCs for Nose Creek and West Nose Creek are intended to be at a 
proof of concept level, recognizing that some modifications above and below the Q2 window may be 
possible with limited response geomorphologically.  

6.2.2 Geomorphic Risk Approach 

Starting with the FDC concept described above, a geomorphic risk approach based on the hydrological 
runoff response framework (Figure 18) and instream erosion potential is presented. Effectively, the 
concept seeks to balance proposed urban development’s generation of increase runoff rates and volumes 
with natural resilience in the geomorphic system. Given the expected uncertainty, even in a more refined 
future analysis, the concept is advanced here as four levels of geomorphic risk (i.e., very high, high, 
moderate, and low). While it is expected that low risk should be acceptable and high risk should not be 
acceptable, areas of moderate risk can be further explored to balance SWM system design and operations 
while managing morphologic, ecologic and water quality outcomes in the creeks. 

Instream Erosion Thresholds and Critical Discharges 
To inform the selection of risk-based FDC ranges for Nose Creek and West Nose Creek, critical discharges 
(Qcrit) from representative cross-sections and visual approximations grain sizes (D50 and D90) were 
summarized for select reaches. Though provisional, Qcrit values provide insight into the potential for 
long-term erosion and morphological change. More specifically, the critical discharge for the median grain 
size (D50) provides an index condition for average sediment transport within the reach. Increases in the 
frequency of discharges above the Qcrit for the D50 would likely increase sediment transport rates 
potentially leading to long-term, gradual morphological changes, though less likely to result in rapid or 
event-based erosion problems.  

Increases in the frequency of discharges above the Qcrit for coarser fractions, such as D90, would likely 
increase sediment transport rates and result in more rapid and substantive geomorphic changes in the 
creek especially from more extreme flow events. As noted above, the current analysis has not fully 
accounted for the effect of bank vegetation or vertical controls like bedrock contacts as a part of an overall 
channel erosion thresholds.  

6.2.3 Applying the Flow Duration Curve Concept 

Figures 18 and 19 graphically provide the FDC concept as provisionally developed for Nose Creek and West 
Nose Creek, respectively (for unit area discharge versions, see Appendix D). Groupings of Qcrit D90, Qbankfull, 
and Qcrit D50 are all plotted along 0.01%, 1%, and 100% time of exceedance, as a point of illustration around 
the conceptual curves. The D90, Qbankfull and D50 conditions were plotted this way as they are suggestive of 
stability thresholds relevant to the upper, central, and lower segments of the FDC. An approximate, 
non-linear scale for flow depth has been added as a secondary axis to the figures for discharges below 
bankfull and Q2. Building on the above discussion, the following headings summarize the key features of 
the FDC concept that have been applied for this proof of concept. 

Q2 Window 
The bankfull range from scientific literature can be probabilistically justified between about 50% Q2 and 
Q5 (Booth and Jackson 1997; Copeland et al. 2000; Edwards et al. 2019). It is recommended the FDC be 
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maintained at the pre-urbanized target within this Q2 window to minimize potential morphological 
impacts. This builds upon the IFN study recommendation to maintain pre-urban FDCs.  

6.2.3.1 Sub-bankfull Flow Duration Curve Domain (Less than 50% of Q2) 

Extrapolation of Low-flow Response 
The shape of the FDC characterizes the hydrological response of the catchment (Figure 17, Searcy 1959). 
Recognizing that some sediment transport can occur for fine fraction bed materials (<D50) at low flows, an 
FDC target range which continues at the natural FDCs slope below the Q2 window has been proposed. 
This slope matching ensures the average annual runoff response varies similar as for the pre-development 
case, somewhat mimicking catchment storage attenuation dynamics, and maintaining a similar ratio 
between flows at 10% and 50% time exceedance (Figure 17). This curve represents the upper boundary 
of the low risk zone 1 and the lower boundary of the moderate risk zone 2. 

50% Q2 Limit for Flow Duration Increases  
As recommended by Booth and Jackson (1997), and similar to the Pine Creek pilot study, 50% of Q2 forms 
the lower limit of the Q2 or morphologically dominant flow window. Increases in flow duration above this 
value would be expected to increase the sediment transport potential. For the Pine Creek pilot study, 
flows below the 50% of Q2 value were allowed to increase in frequency all the way to 100% exceedance, 
however this is not recommended for the Nose Creek basin based on this study. This is because, as noted 
above, discharges below 50% of Q2 can still transport a fraction of the finer sediments (if not stabilized by 
vegetation and vertical controls). This transport of fines could cumulatively impact the morphology of the 
Creek if extending over long durations (ABL 2006). Instead, a moderate risk zone 2 is proposed as outlined 
below. 

Moderate Risk Zone 2 
The breadth of the FDC moderate risk zone 2 has been defined based on three criteria: 

• The 50% Q2 should not be exceeded more than 10% since longer durations may increase fine sediment 
flux that may trigger cumulative channel equilibrium impacts. For Nose and West Nose Creek this 
criterion ensures that the 50% of Q2 value will increase by less than 10% in duration from the natural, 
measured FDC. 

• The breadth of the moderate risk zone 2 was limited so that flow depth increases remain less than 
one fifth or 20% of the Q2 flow depth. For Nose Creek and West Nose Creek, these are 0.19 and 0.12 
m, respectively.  

• The slope of the moderate risk zone 2 (i.e., logarithmic FDC slope) was set to match the slope of the 
natural FDC at the 50% of Q2 value, ensuring similar average annual runoff response as illustrated in 
Figure 17 and discussed above.  

Consequently, for sub-bankfull flows the upper boundary of the moderate risk extends the 50% Q2 flow 
to a maximum 10% time of exceedance, then extrapolates downward at a similar slope to the natural FDC. 
For both Nose Creek and West Nose Creek, moderate risk zone 2 spans flow depth increases of less than 
20% of the Q2 flow depth. While the FDC slope is fundamental to the framework presented (i.e., Criterion 
3), the 10% exceedance hinge point for the upper boundary of moderate risk zone 2 may be refined with 
further research (i.e., Criteria 1 and 2, as listed above). 
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Reference to Critical Discharges (Sub-bankfull, D50) 
Critical discharges for the median grain size (D50) are plotted for reference on the right-hand axes of 
Figures 18 and 19. As a provisional validation of the FDC concept it is expected that the critical discharges 
for sub-bankfull flows plot above the moderate risk zone 2. This is the case for Nose Creek (Figure 18), 
whereby the most sensitive reach plots above the 50% Q2 limit. This expectation is not met for West Nose 
Creek (Figure 19). Critical discharges for four of the measured reaches plot below the 50% Q2 limit and 
only one reach plots above the moderate risk zone 2. These results for West Nose Creek may suggest 
somewhat greater vulnerability to morphologic change as a result of finer representative bed sediment, 
but as discussed above, more extensive investigation would be required to substantiate this result. 
Additional investigation would include an assessment of more cross section locations, more bed sampling 
including fine grain analysis, consideration of vegetation, vertical controls and other morphologic 
dynamics. 

6.2.3.2 Above-bankfull Flow Duration Curve Domain (Greater than Q5) 

Reference to Critical Discharges (Above-bankfull, D90) 
Critical discharges for the coarse fraction of bed material (D90) are plotted for reference on the left-hand 
axes of Figures 18 and 19. These D90 critical discharges provide a practical index to assess the risks of 
increasing the FDC curve within the above-bankfull domain (see Figure 17). The moderate risk curve was 
set above the FDC for flows greater than Q5 with the preference to keep flows below the D90 critical 
discharge of the most sensitive reach. This condition is met (see Figure 18) for Nose Creek but is not for 
West Nose Creek (Figure 19) where two reaches plot below the FDC. Again, this may suggest a somewhat 
greater vulnerability to morphologic change if flows were to increase on West Nose Creek. In either case, 
the lasting impacts of rare flood events (e.g., greater than Q25) are difficult to predict and it is expected 
that the pre-development 1:100 year discharge is not expected to be exceeded in the current SWM plans.  

For both Nose and West Nose Creek, the 1:100 UARRs established in the NCWWMP are intended to be 
maintained at this time. If these values occurred between 10 and 100 hours every 100 years, they would 
be expected to plot between the 0.001% and 0.01% time exceeded. For simplicity, they have been plotted 
at 0.01% exceedance on Figures 18 and 19. Maintaining 1:100 UARRs is key to stormwater pond/wetland 
sizing and is required for consistent flood hazard zone definition and regulation. 

6.2.4 Expectations of Flow Duration Curve Concept and Geomorphic Risk Approach 

The risk-zone approach described above provides preliminary or ‘proof of concept’ level target FDC values 
that may be refined with more extensive field and data analysis. Low, moderate, high, and very high risk 
zones 1 to 4 have been identified on the FDCs (Figures 18 and 19). The moderate risk Zone 2 is defined as 
the region of the FDC between the upper boundary of the low-risk Zone 1 and the lower boundary of the 
high risk Zone 3. Zone 4 is the highest risk above Zone 3 and 50% Q2. The mid-range of the moderate risk 
zone 2 is recommended as a conceptual, preliminary target, but it is expected that practical design 
limitations, varying with subcatchment characteristics like slope, shape, or soils and stormwater 
management infrastructure practicalities (e.g., practical sizing and control limitations for outlets, pond 
internal topography etc., may warrant FDCs that could range within the moderate risk zone rather than 
matching a single middle curve. It is recommended that future FDCs remain below the upper boundary 
of moderate risk Zone 2. Definitions of the risk zones (see Section 5.2.2), with further expectations of 
potential effects and significance of the high, moderate, and low zones are summarized below in Table 7.  
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TABLE 7 Geomorphic Risk Zones 

Risk Zone Flood Runoff Response Average Annual Runoff 
Response Low-Flow Response (2) 

High and Very 
High (1) 
Zones 3 and 4 

Increased frequency of 
high magnitude events 
expected to enlarge 
channels. 

Increased frequency of 
channel-forming flows expected 
to enlarge channels, increase 
channel migration rates, and 
increase sediment loads to 
downstream reaches. 

Increased duration of higher 
low-flows within the channel 
expected to increase 
fine-grained sediment loads 
downstream. 

Moderate 
Zone 2 

Increased frequency of 
high magnitude events 
expected to result in 
localized erosion issues 
that may be repaired or 
mitigated with erosion 
control approaches. 

Match existing FDC for Q2 
window; increased frequency of 
flows up to 50% Q2 expected to 
increase sediment transport 
dynamics and may potentially 
modify fluvial behaviour in terms 
of bar formation, bank erosion 
rates, and vegetation responses. 

Increased duration of flow 
depths by up to 20% of Q2 flow 
depths expected to increase 
sediment transport dynamics 
and may potentially modify 
fluvial behaviour in terms of 
bar formation, bank erosion 
rates, and vegetation 
responses. 

Low 
Zone 1 

Match existing FDC. Match existing FDC. Mimics natural storage-release 
processes from FDC slope; 
extended duration of flows 
may have positive ecological 
impact. 

Notes: 
FDC – flow duration curve 
(1) For relevant literature review see Chin (2006) that reports morphological impacts of urbanization including average factor 
increases in width of 1.5 and channel capacity of 2.5. Comparable results were reported by City of Toronto (2010) Highland 
Creek Geomorphic Risk Assessment Report for a fully urbanized watershed over about a 50 to 60 year period. 
(2) For relevant literature reviews on the impacts of urban SWM changes to low-flows and baseflow see ABL (2006) and 
Bhaskar et al. (2016). 

As noted above, it is expected that low risk Zone 1 should be acceptable and high risk zones 3 and 4 should 
not be acceptable, and that areas of moderate risk in Zone 2 can be further explored to balance practical 
urban development with protection, mitigation, and offsetting of the possible future impacts in the creek 
channels. For context to constrain the high risk zones, a worst-case scenario for morphological impacts of 
urbanization based on Chin (2006) and City of Toronto (2010) includes morphological responses of 50% 
increases in width (factor increase of 1.5) and channel enlargement of 150% (factor increase of 2.5) on 
average over about a 50 year period. Based on the potential resiliency observed historically for Nose Creek 
and West Nose Creek, and the recommendation to limit flow increases below the 50% Q2 level, a 
reasonable assumption is that the moderate risk Zone 2 will keep channel morphological responses to 
less than one-third of the worst-case scenarios corresponding to less than a 1.15 increase in width ratio 
and a channel enlargement ratio of less than 1.5 over a response period of about 50 years. Further 
quantification of the degree and timing of channel change would require more in-depth field study and 
meta-analysis of data from scientific literature. As noted in Table 6, increased durations of low-flow depths 
are also expected to increase sediment transport dynamics and may potentially modify fluvial behaviour 
in terms of bar formation, bank erosion rates, and vegetation responses. Phase 4 of the NCLER Study aims 
to evaluate impacts of modified FDCs and SWM discharge to the creek environment including vegetation, 
soils, fish, and benthic invertebrates.  
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FIGURE 19 Concept Flow Duration Curve Based on Geomorphic Risk - Nose Creek 
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FIGURE 20 Concept Flow Duration Curve Based on Geomorphic Risk - West Nose Creek  
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6.2.4.1 Expectations for Runoff Volumes 

Average annual runoff volumes for the existing and moderate risk FDCs (Figures 18 and 19) were 
calculated based on the effective drainage areas of 249.6 and 181.1 km2 for Nose Creek and West Nose 
Creek, respectively. The moderate risk curve for these calculations was taken to be a line through the 
middle of the moderate risk zone. The existing FDC runoff volumes for Nose Creek and West Nose Creek 
were calculated to be 24 and 32 mm, respectively. In both cases, the runoff volume for the moderate risk 
curve is 56 mm. The incremental average annual runoff volumes are therefore 32 and 24 mm, respectively. 
In both cases, about 90% of the incremental volume occurs for low flows (below 50% of Q2) that would 
be exceeded between 10 to 100% of the time. Table 8 summarizes average annual runoff depths, with 
NCWMP targets presented for reference. 

TABLE 8 Average Annual Runoff Volumes 

Study 
Runoff Volume 

Notes 
Effective DA 

(mm) 
Gross DA 

(mm) 
Nose Creek below the Confluence of West Nose Creek  

(05BH003; Effective DA: 682.3 km2 /Gross DA:  896.4 km2) 
WER 2006 6.1 4.4 April to October, 1973 to 2004 

Nose Creek Above Airdrie 
(05BH014F; Effective DA: 178 km2 / Gross DA: 247 km2) 

WSC Measured Runoff  36.7 26.6 March to October, 2005 - 2018,  
*runoff measured in 2014 = 133.4 mm 

Matrix Flow Duration Curve:  24.1 17.3 March to October, 1959 - 2018 
Low Risk Zone 1 24.1 - 36.1 17.3 - 26.0  

Moderate Risk Zone 2 36.1 - 67.2 26.0 - 48.4  
High Risk Zone 3 67.2 - 104.8 48.4 - 75.5  
High Risk Zone 4 >104.8 >75.5  

West Nose Creek at Calgary 
(05BH016; Effective DA: 166 km2 /Gross DA: 275 km2) 

WER 2006 9.6 5.8 April to October, 1973 - 2004 (Effective 
DA of 139 km2) 

Measured Runoff  
 

39.8 18.7 March to October, 2013 - 2018,   
*runoff measured in 2014 = 84.4 mm  

Matrix Flow Duration Curve:  24.3 14.7 March to October, 1959 - 2018 
Low Risk Zone 1 24.3 - 28.2 14.7 - 17.0  

Moderate Risk Zone 2 28.2 - 59.7 17.0 - 36.0  
High Risk Zone 3 59.7 - 96.2 36.0 - 58.1  
High Risk Zone 4 >96.2 >58.1  
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6.2.5 Current Limitations 

The technical evaluation of the FDC geomorphic risk approach with reference to instream erosion 
thresholds and critical discharge calculations is currently based on limited data and analysis for Nose Creek 
and West Nose Creek. Specifically, a small number of representative cross-sections have been measured 
in the field where accessible, one per selected reach (nine in total), for comparison with HEC-RAS 
modelling and estimations of bankfull capacity. Also, the calculated erosion thresholds and critical 
discharges are based on visual approximations of the median and coarse grain size fractions (D50 and D90) 
of the bed material at the representative cross-section locations. As such, the data and analytical methods 
used to assess the FDC concept are only intended for to help advance the “proof of concept”. 
Advancement of the methodology will require additional field verification and monitoring of channel 
morphology, hydraulic capacity, and boundary materials (i.e., bed substrate, bank vegetation, and 
seasonal variations); as well as more sophisticated analytical methods to estimate critical discharges 
based on current sediment entrainment theory integrated with erosion thresholds for vegetated banks. 

6.2.6 Recommendations for Future Study 

Based on air photograph interpretation (Section 3.3) and field verification (Section 4) Nose Creek and 
West Nose Creek appear to be more resilient to an increased flow regime than previous studies suggested. 
Threshold analysis may suggest otherwise when focusing on lower entrainment values (mainly West Nose 
Creek). This study attempts to support a “proof of concept”, and differences in entrainment have been 
considered in developing a risk-based approach (zones of risk on the FDC). Further study is required to 
refine this approach and verify the recommended moderate risk zones. Specifically, field data collection 
for channel geometry and material characterization will assist in defining in-channel geomorphic 
sensitivity based on boundary thresholds for particle entrainment.  

In moving forward with the FDC approach to evaluating SWM criteria by applying the proposed 
geomorphic risk approach in this current study, further analysis and investigations can refine the 
approach. Current recommendations for future study include:  

• inclusion of vegetation and/or cohesive nature of boundary material in determination of more 
representative morphological threshold 

• geomorphological monitoring program of channel form, rates of adjustment, particle 
characterization, and vegetation characterization 

• mixed bed approach instead of single particle mobility 
• refine field study - more cross-section surveys and detailed substrate analyses 
• confirming bankfull discharges  
• confirming or better approximating dominant discharge 

 e.g., bedload measurement, frequency of movement 
 understanding why geometry change is limited if bed material is frequently mobilized as erosion 

thresholds suggest 
 continue to monitor flows on each creek 

• develop a calibrated hydrological model to better understand the flow regime on Nose Creek, and 
potentially develop better results for hindcasted flows to evaluate trends in adjustment under 
pre-development conditions 

• bedform monitoring - pre/post flood events 
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 consider seasonal timing of historic floods and assess if potential climate changes could increase 
the probability of floods at other times of the year that are not typical historically 

7 CLOSURE 
We trust that this letter report suits your present requirements. If you have any questions or comments, 
please call either of the undersigned at 403.237.0606.  

Yours truly, 

  Reviewed by 
 
 
 
 
 
 
 
 
John McDonald, M.Sc.   Roger Phillips, Ph.D., P.Geo. 
Fluvial Geomorphology Specialist Senior Geomorphologist 
  

JM/cm 
Attachments 

 

  

DISCLAIMER 

Matrix Solutions Inc. certifies that this report is accurate and complete and accords with the information available during the project. 
Information obtained during the project or provided by third parties is believed to be accurate but is not guaranteed. Matrix Solutions Inc. has 
exercised reasonable skill, care, and diligence in assessing the information obtained during the preparation of this report. 

The City of Calgary shall at all times be entitled to fully use and rely on this report, including all attachments, drawings, and schedules, for the 
specific purpose for which the report was prepared, in each case notwithstanding any provision, disclaimer, or waiver in the report that reliance 
is not permitted.   

The City of Calgary shall be entitled to provide copies of the report to City Council, City of Calgary employees, and City of Calgary regulatory 
boards, each of whom shall also be similarly entitled to fully use and rely on the report in their official capacities for the specific purpose for 
which the report was prepared.   

The City of Calgary is at all times entitled to provide copies of the report to Alberta Transportation, Rocky View County, Foothills County, and 
any other governmental authorities and regulatory bodies having jurisdiction. The City of Calgary may also contact the author or any other 
parties to the report to request further information respecting the report or to discuss the report further. 
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2. Reach NC-8 Surveyed Cross Section 

1. Reach NC-10 Surveyed Cross Section 
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4. Reach NC-6 Surveyed Cross Section 

3. Reach NC-7 Surveyed Cross Section 
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6. Reach WNC-2 Surveyed Cross Section 

5. Reach WNC-1 Surveyed Cross Section 
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8. Reach WNC-4 Surveyed Cross Section 

7. Reach WNC-5 Surveyed Cross Section 
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10. Reach Rosebud River Surveyed Cross Section 

9. Reach WNC-6 Surveyed Cross Section 

DRAFT

ISC Confidential

DRAFT

ISC Confidential



APPENDIX B  
Site Photography 

 

 

 

  

DRAFT

ISC Confidential

DRAFT

ISC Confidential



Matrix Solutions Inc.29946-530 Appendix B Site Photographs 1

Appendix B
Site Photographs

City of Calgary
Nose Creek Low Energy Release
29946-530

2. Reach NC-10 View Upstream Through Cross-section

1. Reach NC-10 View Downstream Through Cross-section

Matrix Supplied

September 22, 2020

Matrix Supplied

September 22, 2020

DRAFT

ISC Confidential

DRAFT

ISC Confidential



Matrix Solutions Inc.29946-530 Appendix B Site Photographs 2

Appendix B
Site Photographs

City of Calgary
Nose Creek Low Energy Release
29946-530

4. Reach NC-10 View of Left Bank Looking Downstream

3. Reach NC-10 Bed Material
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6. Reach NC-8 View Upstream Through Cross-section

5. Reach NC-8 View Downstream Through Cross-section
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10. Reach NC-7 View Upstream Through Cross-section

9. Reach NC-7 View Downstream Through Cross-section
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12. Reach NC-7 View Upstream of Cross-section

11. Reach NC-7 Substrate
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14. Reach NC-6 View Upstream Through Cross-section

13. Reach NC-6 View Downstream Through Cross-section
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16. Reach NC-6 View of Left Bank Looking Downstream

15. Reach NC-6 Substrate
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18. Reach WNC-1 View Upstream Through Cross-section

17. Reach WNC-1 View Downstream Through Cross-section
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20. Reach WNC-1 View of Right Bank Looking Downstream

19. Reach WNC-1 Bed Material
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22. Reach WNC-2 View Upstream Through Cross-section

21. Reach WNC-2 View Downstream Through Cross-section
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24. Reach WNC-2 View of Left Bank Looking Downstream

23. Reach WNC-2 Bed Material

Matrix Supplied

September 22, 2020

Matrix Supplied

September 22, 2020

DRAFT

ISC Confidential

DRAFT

ISC Confidential



Matrix Solutions Inc.29946-530 Appendix B Site Photographs 13

Appendix B
Site Photographs

City of Calgary
Nose Creek Low Energy Release
29946-530

26. Reach WNC-5 View Upstream Through Cross-section

25. Reach WNC-5 View Downstream Through Cross-section
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28. Reach WNC-5 Bed Material

27. Reach WNC-5 Substrate
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30. Reach WNC-6 View Upstream Through Cross-section

29. Reach WNC-6 View Downstream Through Cross-section
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32. Reach WNC-6 Bed Material

31. Reach WNC-6 Substrate
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34. Reach WNC-4 View Upstream Through Cross-section

33. Reach WNC-4 View Downstream Through Cross-section
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36. Reach WNC-4 View of Right Bank Looking Downstream

35. Reach WNC-4 Substrate
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38. Reach Rosebud River View Upstream Through Cross-section

37. Reach Rosebud River View Downstream Through Cross-section
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40. Reach Rosebud River View of Left Bank Looking Downstream

39. Reach Rosebud River View of Left Bank Looking Downstream
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City of Calgary Observations 
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APPENDIX D 
Unitary Discharge Flow Duration Curve 
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Appendix D 

 
Figure D1 - Concept FDC based on Geomorphic Risk – Nose Creek – Unitary Discharge 
 

 
Figure D2 - Concept FDC based on Geomorphic Risk – West Nose Creek – Unitary Discharge 
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APPENDIX E  
Westhoff Figures 
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FIGURE E-1 Top Width Versus Drainage Area for Select Locations Along West Nose Creek (Source: 
Westhoff 2003) 

 

FIGURE E-2 Depth Versus Drainage Area for Select Locations Along West Nose Creek (Source: 
Westhoff 2003) 
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FIGURE E-3 Capacity Versus Drainage Area for Select Locations Along West Nose Creek (Source: 
Westhoff 2003) 

 

FIGURE E-4 Depth Versus Capacity for Select Locations Along West Nose Creek (Source: Westhoff 
2003) 
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FIGURE E-5 Area Versus Capacity for Select Locations Along West Nose Creek (Source: Westhoff 2003) 
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