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EXECUTIVE SUMMARY 
Matrix Solutions Inc. was retained by the Government of Alberta (GoA) to conduct a flood study for the 
North Saskatchewan River (NSR) and Clearwater River through the Town of Rocky Mountain House and 
Clearwater County. This flood study is one of several similar studies completed as part of a larger effort 
by GoA to identify flood hazard areas in communities throughout Alberta to increase public safety and 
reduce future flood related damages. Information required to complete this study was gathered 
collectively by Matrix, GeoVerra (surveying subcontractor), key project stakeholders, and GoA (including 
LiDAR provider Airborne Imaging). 

The purpose of the Rocky Mountain House Flood Study was to assess and identify flood hazards along the 
NSR and the Clearwater River through the Town of Rocky Mountain House and Clearwater County. The 
key project stakeholders are the Town of Rocky Mountain House and Clearwater County. 

The scope of the study includes flood hazard mapping along a 13.4 km reach of the NSR and 4.7 km reach 
of the Clearwater River. The study reach of the NSR extends from approximately 7 km upstream of the 
Clearwater River confluence, on the east edge of NE-11-039-08 W5M, through Clearwater County and the 
Town of Rocky Mountain House, to the south edge of NW-04-040-07 W5M. The Clearwater River study 
reach extends approximately 4.7 km upstream from the NSR confluence to the north edge of 
NE-03-039-07 W5M. 

The hydrologic analysis of recorded flows and naturalized flows was undertaken to compute 2 to 
1,000-year return period flood estimates for the NSR and Clearwater River. These flow estimates were 
used for hydraulic modelling and flood inundation mapping. The historical recorded streamflow on the 
Clearwater River near Rocky Mountain (05DB001) from 1914 to 1975 and the amalgamated flows of the 
Clearwater River near Dovercourt (05DB006) and Prairie Creek near Rocky Mountain House (05DB002) 
from 1976 to 2020 were used to derive a complete annual maximum instantaneous discharge dataset for 
the Clearwater River near Rocky Mountain House (05DB001) located within the study area boundary. 
The recorded/estimated flow data on the Clearwater River were considered as natural flows as no 
human-made structure that can affect the flows is located on this river. 

The recorded/estimated flow data from 1914 to 1972 on the NSR near Rocky Mountain House (05DC001), 
located within the study area boundary were considered natural. The Bighorn Dam commenced its 
operation in August 1972; flow data recorded since September 1972 were naturalized by removing the 
effect of operation of the dam from the recorded flows downstream. A frequency analysis of the 
recorded/estimated and naturalized annual maximum instantaneous discharges at this location 
conducted to derive flood frequency estimates. 

A frequency analysis of the recorded/estimated annual maximum instantaneous discharges at both 
locations was conducted. Various 2 parameter and 3 parameter theoretical probability distributions were 
tested as a part of frequency analysis. These distributions include: Normal, log Normal, 3-parameter log 
Normal, Pearson Type III, log Pearson Type III, Extreme Value 1 (EV1), Exponential, Weibull, Gamma, and 
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Gumbel extreme value distributions. Hydrological Frequency Analysis (Hyfran) Plus Version 1.2 software 
and the Microsoft Excel based tool created for City of Calgary Frequency Analysis (AMEC 2014) were used 
to compute flood frequency estimates and to perform goodness of fit testing. 

Based on a visual inspection of various frequency distributions to the flow data and goodness of fit, the 
log Pearson Type III distribution has the most representative fit to the recorded data for both the NSR 
near Rocky Mountain House (05DC001) and the Clearwater River near Rocky Mountain House (05DB001). 

The hydraulic model and resulting map products were constructed using LiDAR data provided by GoA and 
surveyed cross-sections, and hydraulic structure data collected by Altus under Matrix’s supervision. All 
surveyed data was tied together using Alberta Survey Control Network (ASCN) benchmarks that were 
surveyed independently during the various data collection phases. The hydraulic model was calibrated 
using surveyed highwater marks collected during the 1972, 1986, and 1998 flood events as well as water 
levels estimated during the 1915 flood event. Calibration focused on the 1972 highwater marks as this 
flood was most representative of the design flood adopted for this study 

Open water flood frequency maps for the 2-year to 1,000-year flood events are provided in Appendix C. 
The 1:100-year design flood profile was used in preparing flood hazard maps for the study area. Along the 
NSR, the floodway generally encompasses the entire inundation area with no viable flood fringe with the 
exception of a few areas where depth is the governing criteria. The floodway along the NSR is generally 
situated at or just beyond the main channel with the exception of the confluence area, where the 
floodway widens into the left and right floodplains. The governing floodway criteria along the Clearwater 
River alternates between the depth and velocity criteria with select areas where the floodway extends to 
the inundation extent (no viable flood fringe). Design flood hazard maps are provided in Appendix E. 
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1 INTRODUCTION 
Matrix Solutions Inc. was retained by the Government of Alberta (GoA) to conduct a flood study for the 
North Saskatchewan River (NSR) and Clearwater River through the Town of Rocky Mountain House and 
Clearwater County. Key stakeholders for this project are the Town of Rocky Mountain House and 
Clearwater County. 

This flood study is one of several similar studies completed as part of a larger effort by GoA to identify 
flood hazard areas in communities throughout Alberta to increase public safety and reduce future flood 
related damages. Information required to complete this study was gathered collectively by Matrix, 
GeoVerra (surveying subcontractor), key project stakeholders, and GoA (including its providers of 
topography and aerial photography information). 

1.1 Study Objectives 
The key study objectives included the following: 

• Survey and base data collection: 

 surveying river cross-sections 
 surveying hydraulic structures 
 integrating survey and digital terrain model (DTM) data 

• Open water hydrology assessment: 

 conducting a hydrologic analysis to provide flood frequency estimates for the NSR and Clearwater 
River 

• Open water hydraulic modelling: 

 documenting open water flood history 
 creating, calibrating, and validating a HEC-RAS hydraulic model for the NSR and Clearwater River 
 simulating 13 flood frequency estimates and creating associated water surface profiles 

• Open water flood inundation mapping: 

 preparing flood inundation maps for the specified flood frequency events 
 preparing associated electronic GIS data 

• Design flood hazard mapping: 

 preparing flood hazard and floodway criteria maps based on various floodway delineation criteria 

• Reporting and documentation: 

 preparing a study report and associated electronic GIS study file and digital deliverables database 
to document methods and results 
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1.2 Study Area and Reach 
The study area includes a 13.4 km reach of the NSR and a 4.7 km reach of the Clearwater River through 
the Town of Rocky Mountain House and Clearwater County (Figure 1). 

The NSR reach extends from approximately 7 km upstream of the Clearwater River confluence, on the 
east edge of NE-11-039-08 W5M, through Clearwater County and the Town of Rocky Mountain House, to 
the south edge of NW-04-040-07 W5M. The Clearwater River study reach extends approximately 4.7 km 
upstream from the NSR confluence to the north edge of NE-03-039-07 W5M. No similar study for this area 
has been completed in the past. 

The NSR begins in the ice fields of Banff and Jasper National Parks and generally flows east toward the 
Alberta-Saskatchewan boundary. The total area of the NSR Basin from its headwaters on the eastern 
slopes of the Rocky Mountains to the prairie landscape along the Alberta-Saskatchewan boundary is about 
57,000 km2. Within Alberta, the Brazeau, Nordegg, Ram, Clearwater, Sturgeon, and Vermilion rivers are 
the major tributaries to the NSR. Flows in the NSR are regulated at two hydroelectric facilities operated 
by TransAlta: the Brazeau Dam on the Brazeau River since 1961 and the Bighorn Dam on the NSR since 
1972. The operations of the dam increase winter flows and reduce maximum discharges during summer 
months. Flows on the NSR in the Rocky Mountain House area is affected only by the operation of the 
Bighorn Dam. The drainage area of the NSR near Rocky Mountain House is 11,000 km2 and located 
approximately 128 km downstream of the Lake Abraham (reservoir) created by the Bighorn Dam. 

The Clearwater River is a tributary of the NSR with its confluence located upstream of the Town of Rocky 
Mountain House. Most of the Clearwater River watershed is located within Clearwater County, covering 
a portion of the Rocky Mountains and foothills extending to Banff National Park. The drainage area of the 
Clearwater River at its confluence with the NSR is approximately 3,220 km2. 

2 SURVEY AND BASE DATA COLLECTION 
Matrix conducted a site visit with GoA and the Rocky Mountain House representative on October 1, 2020, 
to inform the survey work. This included confirming the proposed cross-section locations that were 
identified during the initial desktop review of the study reach imagery and topography, identifying 
hydraulic structures to be included in the project, and refining the survey scope. No flood control 
structures are located within the study reach. 

The survey work was completed between October 15 to 19, 2020; GeoVerra led the data collection and 
quality management process under Matrix’s supervision and direction. Data collected along the study 
reach during the survey included the following: 

• river cross-sections 

• hydraulic structure (bridges) geometry 

• Water Survey of Canada (WSC) hydrometric station benchmarks 
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• GoA highwater mark benchmarks 

• Alberta Survey Control Network (ASCN) benchmarks 

• associated georeferenced photographs 

Documentation related to survey control, data quality assurance, and survey equipment specifications is 
included in Appendix A. The scope of work for survey and base data collection did not include the 
collection of LiDAR topography data. This information was provided to Matrix by the GoA to inform the 
Rocky Mountain House Flood Study. 

2.1 Procedures and Methodology 
A brief overview of the procedures and methodology of the various parts of the survey work are 
summarized below. All survey data collected for the study met the standards and accuracy described in 
the project Terms of Reference (TOR): 

• Ground survey data have an absolute positional accuracy of ±0.05 m, at 95% confidence. Bathymetric 
survey data have an absolute positional accuracy of ±0.15 m. 

• Survey data is reported in 3-Degree Transverse Mercator (3TM) zone 114°, referenced horizontally to 
the Canadian Spatial Reference System, North American Datum of 1983, Epoch 2002 (NAD83 [CSRS]; 
Epoch 2002). Vertically, the data is referenced to the Canadian Geodetic Vertical Datum of 1928 
(CGVD28). Ellipsoidal heights were transformed to CGVD28 orthometric heights using the HTv2.0 
hybrid geoid model. 

• The ASCN was used for the survey control for the project. ASCN benchmarks were surveyed using a 
static Global Navigation Satellite System (GNSS) measurement at a minimum of 4 hours in duration 
and 2 hours of redundancy. 

Summarized quality assurance and accuracy quantification documentation related to the control survey 
and the daily survey activities is provided in Appendix A1. 

2.1.1 Benchmarks 

The ASCN benchmarks used for the project’s survey control are listed in Table A; each benchmark was 
ground-surveyed by GeoVerra. A comparison of elevations confirmed consistency between the reported 
and surveyed values. The GeoVerra benchmark elevations were adopted for this project. 
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TABLE A Alberta Survey Control Network Benchmarks for Survey Control 

ASCN 
Benchmark ID 

3TM Coordinates 
(m; NAD 83 (CSRS) 3TM 114) ASCN Ground 

Elevation 
(m) 

Altus Group 2019 
Ground-Surveyed 

Elevation 
(m) 

Difference 
(m) 

Easting Northing 

36509 63,869.561 5,802,379.834 979.161 979.175 -0.014 
37754 65,450.069 5,804,452.872 965.992 966.015 -0.023 

101980 65,098.374 5,808,756.567 959.061 959.069 -0.008 
210732 64,498.356 5,807,768.812 955.054 955.079 -0.025 
255232 62,334.051 5,805,750.657 988.524 988.560 -0.036 

Benchmarks established by the GoA were also measured by GeoVerra (Table B; reference); several 
previously established benchmarks were not located and are presumed destroyed. A comparison of 
elevations confirmed consistence between the reported and surveyed values. 

TABLE B Government of Alberta Highwater Mark Benchmarks 

GoA 
Benchmark ID 

Approximate 3TM Coordinates 
(m; NAD 83 (CSRS) 3TM 114) 

GoA Surveyed 
Elevation 

(m) 

GeoVerra 2020 
Surveyed Elevation 

(m) 

Difference 
(m) 

Easting Northing 

NSASK-116-a -64998.31 5808785.93 956.660 956.709 -0.049 
NSASK-116-b -64984.26 5808798.35 957.350 957.394 -0.044 
NSASK-118-a -65545.32 5803718.16 965.254 965.274 -0.020 
NSASK-120-a -68749.13 5803459.76 983.426 983.383 0.043 
CLR5D-006-b -63870.52 5801567.70 966.585 966.586 -0.001 

2.2 Cross-sections 
Channel and overbank cross-sectional geometry, including near overbank topography and channel 
bathymetry, were surveyed at locations identified in the approved survey plan using a combination of 
conventional and echo sounding survey methods (Figure 2). 

A Trimble® R10 GNSS Real-Time Kinematic (RTK) GPS System (Appendix A2) was used for the collection of 
most survey data and a Sonarmite MILSpec Single Beam Echosounder (Appendix A3) was used for the 
portions of the bathymetry where RTK equipment was not practical. The Sonarmite was used in 
conjunction with a river boat that was navigated along the river for the survey. Data collected by the 
Sonarmite were validated or corrected using overlapping data collected by the RTK in the portions of the 
channel nearest the bank. The combined accuracy of points collected through use of RTK GPS with 
echosounder meet the requirements listed in Section 2.1. 
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2.3 Hydraulic Structures 
Hydraulic structure surveys were completed using standard RTK equipment. An inventory of surveyed 
hydraulic structures is provided in Table C, listed upstream to downstream, and the structures are shown 
on Figure 2. 

TABLE C Hydraulic Structure Details 

Hydraulic Structure Name River Reach Approximate River 
Station (m) 

Approximate 3TM Coordinates 
(m; NAD 83 (CSRS) 3TM 114) 

Northing Easting 
Highway 752 Bridge  Clearwater River 2,843.25 5,801,599 63,863 

Railway bridge  NSR (lower) 5,503.02 5,804,895 64,088 

Highway 11A Bridge  NSR (lower) 5,290.36 5,805,073 64,008 

Highway 11 Bridge  NSR (lower) 1,032.97 5,808,805 64,952 

2.4 Flood Control Structures 
No flood control structures are located within the study reach. 

3 FLOOD HYDROLOGY 

3.1 Flooding History 

3.1.1 Historical Floods 

Several historical floods along the NSR and the Clearwater River have occurred during the period of record, 
the six largest of which occurred in 1915, 1952, 1972, 1990, 2005, and 2013. The magnitudes of some of 
these floods were recorded at the WSC gauging stations and some were estimated following the 
procedures described in Appendix B. 

The largest flood event on the NSR occurred in 1915 with a magnitude of 4,110 m3/s at the WSC gauging 
station (05DC001). The largest flood event on the Clearwater River also occurred in 1915 with an 
estimated magnitude of 1,238 m3/s at the WSC gauging station (05DB001). The 1915 flood has a return 
period higher than the 100-year event based on flood frequency estimates completed in this study 
(Appendix B). 

The second highest floods on record on the NSR and the Clearwater River occurred in 2005 with estimated 
instantaneous peak discharges of 2,558 m3/s and 1,068 m3/s, respectively. The 2005 flood on the NSR had 
a return period in the range of the 60-year whereas the Clearwater River had a return period 
approximately equivalent to the 100-year flood event. 
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The Town of Rocky Mountain House and Clearwater County are located within the study reach and have 
several stormwater outfalls that discharge to the NSR. As a result, summer storm events may result in 
temporary relatively high contribution to total flow in the NSR; however, since flooding in the NSR and 
Clearwater River is generally governed by snowmelt runoff events, the likelihood of these events occurring 
simultaneously is very low and thus the contribution of stormwater outfalls was not investigated for this 
study. 

3.1.2 Recent Floods 

No major flood events occurred since 2013. The estimated maximum instantaneous discharge on the NSR 
in 2013 was 2,406 m3/s, which represents a return period of about 50-year flood event. The estimated 
maximum instantaneous discharge on the Clearwater in 2013 was 684 m3/s, which represents a return 
period of about a 40-year flood event. 

3.1.3 Ice Jam Floods 

Based on a review of historical background information, there is no indication of significant ice jam 
flooding through the study reach on the NSR or Clearwater River. Ice jam flood analysis was not included 
within the project TOR. 

3.2 Flood Frequency Analysis 

3.2.1 Overview 

The flood frequency estimates for the 2-, 5-, 10-, 20-, 35-, 50-, 75-, 100-, 200-, 350-, 500-, 750-, and 
1,000-year open water floods with confidence intervals are required at key locations along the NSR and 
the Clearwater River throughout the study reach. The key locations include: 

• at the upstream study area boundary 

• at the gauging station located on the NSR near Rocky Mountain House (05DC001) 

• at the confluence location of the Clearwater River and the NSR 
• at the upstream boundary of the Clearwater River study reach 

Hydrologic analysis conducted has been guided by the Flood Hazard Identification Program Guidelines 
(AENV 2011), the Rocky Mountain House Hazard Study Terms of Reference (AEP 2020), and the Guidelines 
for Determining Flood Flow Frequency, Bulletins 17B and 17C (USGS 1982, 2018). The estimated flood 
frequencies were used as model input data for hydraulic modelling and flood inundation mapping. 

Recorded historical streamflow data is required to derive flood frequency estimates associated with 
various return periods. In addition, recorded water levels of a reservoir are required to generate 
naturalized flows along a river affected by upstream dam operation. A select number of these stations, 
which have data as early as 1913, are considered key hydrometric stations for the open water hydrology 
assessment and are provided in Table D and presented on Figure 2. 
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TABLE D Key Hydrometric Stations 

Station Name and ID 
Gross Drainage 

Area 
(km2) 

Data Period 

Lake Abraham near Nordegg (05DC009) 3,890 1972-2012 

North Saskatchewan River below Bighorn Plant (05DC010)  3,890 1972-2019 

North Saskatchewan River near Saunders (05DC002) 5,160 1915-1923; 1952-1978 

North Saskatchewan River near Rocky Mountain House (05DC001) 11,000 1913-1930; 1944- 2020 

Ram River near the Mouth (05DC006) 1,860 1967-2019 

Clearwater River near Rocky Mountain House (05DB001) 3,220 1914–1931; 1944–1975 

Clearwater River near Dovercourt (05DB006) 2,250 1975-2020 

Clearwater River above Limestone Creek (05DB003) 1,340 1959-1992 

Prairie Creek near Rocky Mountain House (05DB002) 844 1922-1925; 1951-2020 

The recorded/estimated flow data from 1914 to 1972 on the NSR near Rocky Mountain House (05DC001), 
located within the study area boundary were considered natural. The Bighorn Dam commenced its 
operation in August 1972; flow data recorded since September 1972 are considered regulated. Flows 
recorded post-1972 were naturalized by removing the effect of dam operations from the recorded 
downstream flows. 

Clearwater River flow data was considered natural as no human-made structure affecting flow is situated 
on this river. In 1975, the WSC station on the Clearwater River near Rocky Mountain House (05DB001) 
was moved upstream to a location on the Clearwater River near Dovercourt (05DB006). Prairie Creek 
enters the Clearwater River between these two WSC stations. The drainage area at Prairie Creek near 
Rocky Mountain House (05DB002; 844 km2) plus drainage area of the Clearwater River basin above 
05DB006 (2,250 km2) accounts for 95% of the drainage area of the Clearwater River above 05DB001 
(3,220 km2). As a result, recorded flows covering a period from 1976 to 2019 at both locations were 
amalgamated at the downstream WSC station (05DB001) to generate a set of streamflow data at this 
location. The complete streamflow data set (recorded up to 1975 and computed for the period from 1976 
to 2019) was used in flood frequency analysis to estimate flood frequencies associated with various return 
periods at the WSC station on the Clearwater River near Rocky Mountain House (05DB001). 

Recorded streamflow data at the WSC stations are available in the WSC database up to 2018. No data is 
available for the year 2017. Preliminary WSC data (Clearwater River for 2017, 2019 to 2020; NSR for 2017 
and 2019) were obtained from AEP for this study and are subject to change. 

3.2.2 Flood Frequency Flow Estimates 

Hydrologic analysis was undertaken to determine 2-year to 1,000-year return period instantaneous flood 
estimates for the NSR and the Clearwater River and were used for subsequent hydraulic modelling and 
flood inundation mapping. Given the availability of flow data records, extending flood frequency estimates 
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beyond approximately the 200-year return period is highly speculative; significant uncertainty exists for 
estimated flood frequencies with such infrequent return periods. The hydrologic analysis involves 
evaluation of regional discharge data, extension of the hydrometric record based on a correlation 
between annual maximum daily discharges and annual maximum instantaneous discharges, 
naturalization of regulated flows, analysis of the extended data series for statistical outliers, and selection 
of the most suitable probability distribution. A detailed description of the flood frequency analysis 
methodology and the flood frequency estimates are provided in Appendix B. 

A summary of the flood frequency estimates adopted for this study is provided below in Table E. 

TABLE E Flood Frequency Estimates for Hydraulic Modelling 

Return 
Period 
(years) 

Flood Frequency Estimates 
at the Upstream Boundary 

on the NSR 

(m3/s) 

Flood Frequency Estimates 
at the Upstream Boundary 

on the Clearwater River 

(m3/s) 

Flood Frequency Estimates on the 
NSR Downstream of the Confluence 

with the Clearwater River 

(m3/s) 
2 535 139 674 
5 769 259 1,028 

10 981 374 1,355 
20 1,237 517 1,754 
35 1,479 658 2,137 
50 1,664 761 2,425 
75 1,881 895 2,776 

100 2,072 1,000 3,072 
200 2,576 1,295 3,871 
350 3,029 1,584 4,613 
500 3,426 1,794 5,220 
750 3,825 2,065 5,890 

1,000 4,244 2,276 6,520 
Note: Naturalized flood frequency estimates in the NSR and natural flood frequency estimates in the Clearwater River. 

3.2.3 Comparison to Previous Study 

No previous flood risk mapping studies have been completed for this study reach. 

4 HYDRAULIC MODELLING 

4.1 Available Data 

4.1.1 Digital Terrain Model 

A 0.5 m grid DTM was procured by AEP and provided to Matrix for use in flood inundation mapping. 
The horizontal coordinates were provided in Alberta 3TM referenced to NAD83; vertical coordinates are 
referenced to CGVD28. 
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Though the DTM has already undergone independent quality control to ensure compliance with the FHIP 
guidelines accuracy standards, the DTM was compared to surveyed overbank elevations to confirm that 
the DTM is suitable for use in cross-section extraction and flood mapping. Generally, good agreement was 
observed between the DTM and overbank surveyed elevations. For the majority of the comparison points 
(76%), the DTM derived elevations were up to 0.3 m higher than the ground survey, which indicates that 
the vegetation in these areas was not penetrated by the LiDAR. Larger differences in elevation (ranging 
from 0.3 m to 1.0 m) were observed in areas of steep surfaces such as along channel banks or roadway 
embankments. In discussion with AEP, these elevation differences were found to be consistent with those 
encountered in similar conditions and the DTM was considered acceptable for use in flood mapping. 

4.1.2 Existing Models 

As mentioned in Section 3.2.3, no previous flood risk mapping studies have been completed for this study 
reach. 

4.1.3 Highwater Marks 

4.1.3.1 North Saskatchewan River 

The largest recorded flood event on the NSR occurred in June 1915 with a magnitude of 4,110 m3/s at the 
Rocky Mountain House gauging station (05DC001). Water levels during this event have been estimated 
and provided in the Highway 11 bridge as-built drawings (AEP 1971a, 1971b). Two additional significant 
flood events occurred on June 26, 1972 and July 19, 1986 with peak magnitudes of 1,880 m3/s and 
773 m3/s, respectively. Highwater mark measurements during these two events were collected by AEP. 

4.1.3.2 Clearwater River 

The largest recorded flood event on the Clearwater River occurred on June 26, 1972, with a magnitude of 
467 m3/s (GoA 2021) near the Rocky Mountain House gauging station (05DB001). A second significant 
flood occurred on July 3, 1998, with an estimated peak discharge of 226.7 m3/s1. Highwater mark 
measurements were collected by AEP during these two events. 

The locations of the highwater mark measurements are provided on Figure 2; Table F provides a summary 
of the highwater mark data and corresponding flows. 

 
1 Derived from the recorded flows at the Clearwater River near Dovercourt (05DB006) and the Prairie Creek near Rocky Mountain House 
(05DB002) gauging stations as the WSC gauging station, 05DB001 was discontinued in 1975 (Matrix 2021; Appendix B). 
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TABLE F Highwater Mark Data and Flows 

Alberta Environment and Parks 
Highwater Mark 

River Station 
(m) 

Observed Water Surface Elevation 
(m) 

North Saskatchewan River - June 26, 1972, Event (Q = 1,880 m3/s) 
1972-NSASK-117-c 5346.492 957.49 
1972-NSASK-120-a 12445.2 970.53 
North Saskatchewan River - 1915 Flood Event (Q = 4,105 m3/s) 
Est. 1915 Flood elev. 1003.573 952.20 
Est. 1915 Flood elev. 5236.258 959.68 
North Saskatchewan River - July 19, 1986, Event (Q = 773 m3/s) 
1986-NSASK-115-a 2250.499 951.33 
1986-NSASK-117-b 5236.258 956.50 
1986-NSASK-118-a 8125.992 960.77 
1986-NSASK-119-a 12080.08 968.64 
Clearwater River – June 26, 1972, Event (Q = 467 m3/s) 
1972-CLR5D-006-a 2827.816 962.00 
Clearwater River – July 3, 1998, Event (Q = 226.7 m3/s) 
1998-CLR5D-006-b 2827.816 960.30 
1998-CLR5D-006-c 2858.693 960.25 

4.1.4 Gauge Data and Rating Curves 

As discussed in Section 3, WSC gauge 05DC001 (NSR near Rocky Mountain House) is located within the 
study reach at the Highway 11A bridge. Field recorded stage and discharge data for the gauge was 
provided by the WSC office for a period spanning July 1986 to June 2021. The maximum recorded 
discharge at the gauge was 2,165 m3/s, which represents a return period near the 35-year flood. The stage 
data was transformed to geodetic elevations based on a gauge datum elevation of 952.607 m. The rating 
curve based on recorded discharge-elevation data at the 05DC001 gauge is presented on Figure 3, along 
with the current (2021) and past rating curves (1991, 1994, 1998, and 2018) developed by the WSC. 

Rating curve data for the Clearwater River gauging station (05DB001) prior to its relocation in 1975 was 
obtained from the WSC office; unfortunately, the geodetic datum conversion at this gauge is not available 
from the WSC nor can it be field verified due to the gauge relocation. Without the datum conversion, 
comparison of simulated versus past rating curves at the 05DB001 gauge was not possible. 

4.2 River and Valley Features 

4.2.1 General Description 

The modelled reach can be divided into two generalized areas: upstream and downstream of the 
confluence of the Clearwater River with the NSR. Upstream of the confluence, the upper NSR exhibits a 
mild winding pattern within a frequently confined streamcut valley; the left2 overbank is wide and flat 

 
2 As viewed looking downstream. 
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floodplain that becomes inundated during higher flood events while the right overbank is a steep and high 
valley wall that generally confines flow to the main channel. Approaching the confluence, the NSR left and 
right floodplains become inundated and provide additional conveyance at higher flood events. The upper 
NSR has a sinuous channel pattern with frequent mid-channel gravel bars (Kellerhals et al. 1972). The bed 
slope along the upper NSR is approximately 0.0023 m/m. Downstream of the confluence, the lower NSR 
is relatively straight and occasionally confined as it passes the Rocky Mountain House townsite. Several 
low-lying gravel bars are situated in the lower NSR and the bed slope is approximately 0.0017 m/m. The 
Clearwater River exhibits an irregular winding pattern and is confined within a streamcut valley. The 
Clearwater River is partially incised with occasional islands and mid-channel bars located throughout 
(Kellerhals et al. 1972). The bed slope along the Clearwater River within the study reach is approximately 
0.001 m/m. 

4.2.2 Channel Characteristics 

The NSR channel cross-section has a bankfull width and depth ranging from about 80 to 245 m and 2.5 to 
5.8 m, respectively. The substrate comprises primarily gravel and cobble. The bank material comprises 
sand/gravel with scattered cobble and erodible rock. The channel banks are slightly unstable with 
evidence of bank erosion and lateral activity. The Clearwater River cross-section has a bankfull width and 
depth ranging from about 50 to 80 m and 2.5 to 5.5 m, respectively. The channel substrate comprises 
primarily gravel; the channel banks are stable and comprises gravel and silt. For most of the study reach, 
the banks of both the NSR and Clearwater River are vegetated with typical riparian vegetation (i.e., grasses 
and shrubs) adjacent to interspersed areas of mixed wood trees. 

4.2.3 Floodplain Characteristics 

In the NSR, the left floodplain is wide and open and comprises partly cultivated and partly forested areas 
in the upper NSR; several properties and buildings are situated in the lower NSR floodplains. The right 
floodplain is high and generally confines flow to the main channel. In the lower NSR, the Rocky Mountain 
House townsite is located on the right floodplain and is elevated approximately 30 m above the NSR. In 
the Clearwater River, the floodplain is mostly cultivated terrain with some forested areas; several 
properties are located within the floodplains of the Clearwater River. In the upper NSR, both the left and 
right floodplains are vegetated with mixed wood trees, shrubs, and grasses. 

4.2.4 Anthropogenic Features 

A total of four bridges are located within the study reach, including one rail bridge and two vehicle bridges 
on the NSR and one vehicle bridge on the Clearwater River. Though the embankments are situated 
sufficiently high so as not to be overtopped during the flood events, flow is constricted through each of 
the four bridge openings due to the presence of associated embankments. As a result, backwater effects 
are expected to occur upstream of each crossing, particularly during extreme flood events. 
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4.3 Model Construction 

4.3.1 Methodology 

The HEC-RAS hydraulic modelling software (version 5.0.7; USACE 2016a) was used to simulate flood levels 
through the model reach for flood events associated with various return periods ranging from the 2-year 
to the 1,000-year flood. HEC-RAS is a hydraulic model that solves 1D or 2D flow equations of conservation 
of mass and conservation of momentum representing the physical laws governing open channel flows. 
Specific capabilities include 1) calculation of subcritical, super critical and mixed flow conditions; 2) 
modelling of effect of obstructions and structures such as bridges, culverts, and flood control structures 
such as weirs; and 3) modelling of effect of changes in channel geometry due to encroachments, 
channelization, and flood control dikes or levees. For this project, a 1D HEC-RAS model was developed to 
simulate flow conditions through the study reach. HEC-GeoRas in ArcGIS Desktop was used to translate 
merged topographic survey and LiDAR datasets into geometry files to be imported to HEC-RAS. 

The study reaches include approximately 13.4 km of the NSR and 4.7 km of the Clearwater River. 
The downstream model boundary on the NSR has been extended by approximately 600 m such that any 
uncertainty in boundary conditions does not impact simulated water levels within the study reach. 

4.3.2 Geometric Base Data 

4.3.2.1 Cross-section Data 

A total of 75 channel cross-sections were surveyed, of which 50 are located on the NSR and 25 are located 
on the Clearwater River. Cross-sections were extended into the floodplain based on the DTM provided to 
Matrix by AEP. During preliminary model simulations, 10 cross-sections were identified where extension 
into the overbanks was required to contain the inundation extents at the 10,000-year flood. 

The combined channel and floodplain data often amounted to more than 500 points per cross-section. 
The minimize area change point routine in HEC-RAS was used to filter the cross-section data; final sections 
were examined to ensure that they retained surveyed channel data and appropriately represented the 
channel geometry. 

Ineffective areas were applied at select cross-sections to reflect offline ponding areas that do not actively 
convey flow and were placed using the approach outlined in the HEC-RAS Hydraulic Reference Manual 
(USACE 2016b). In addition, levees were also applied to select cross-sections to prevent flooding from 
extending into overbank locations that cannot be inundated from upstream or downstream modelled 
cross-sections. 

4.3.2.2 Bridge Data 

Four bridges throughout the study reaches were included in the hydraulic model, including one rail bridge 
and two vehicle bridges on the NSR and one vehicle bridge on the Clearwater River (Table 1). Model input 
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data for three bridges was obtained from survey data collected by Geoverra in December 2020 
(CN Railroad, Highway 11A, and Highway 752). For the Highway 11 bridge, bridge data was obtained from 
the as-built drawing (AEP 1971a). 

Contraction and expansion coefficients of 0.1 and 0.3, respectively, were adopted for gradual transitions 
through the study reach. These coefficients were increased to 0.3 and 0.5 around all bridge crossings at 
which abrupt changes in the effective flow area are encountered. One exception is the Highway 11 bridge 
where contraction and expansion coefficients of 0.2 and 0.4 were applied at the bridge to provide a 
reasonable match to observed water levels. 

4.3.2.3 Flood Control Structures 

No flood control structures are located within the study area. 

4.3.3 Calibration 

4.3.3.1 Methodology 

Model calibration is an iterative process conducted to ensure that the model is providing representative 
flow behaviour based on comparison of simulated and observed water surface elevations. Though 
Manning roughness is the primary calibration parameter, adjustments to the ineffective flow area and 
expansion/contraction coefficients may also be required. Ineffective flow areas were initially defined 
based on visual inspection of the DTM and were adjusted slightly during the calibration process. Though 
sufficient adjustment to these parameters may be feasible to match observed water levels very closely, it 
is important to maintain gradual variations in roughness throughout the study reach and prescribe 
reasonable values for the given conditions. 

The hydraulic model was calibrated and validated against surveyed highwater marks and the 
corresponding peak discharge for major events that occurred on the NSR and the Clearwater River. 
The source of data used for the assessment were highwater marks obtained from AEP in addition to 
observed flow data included with the Highway 11 as-built bridge drawings (AEP 1971b). 

For the NSR, the model was calibrated to the 1972 flood event and validated against the 1915 and 1986 
flood events, as detailed below: 

• 1972 peak flood event 

 Highwater marks measured at the Highway 11A bridge crossing and on Township Road 392 at 
Range Road 80. 

 Q = 1,880 m3/s on June 26, 1972, on the NSR at the Rocky Mountain House gauging station 
(05DC001) and is between the 1:20 and 1:35-year flood3. 
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• 1915 peak flood event 

 Estimated water level reported in the Highway 11 bridge as-built drawings. 
 Q = 4,105 m3/s in June 1915 on the NSR at the Rocky Mountain House gauging station (05DC001) 

and is between the 1:200 and 1:350-year flood3. 

• 1986 peak flood event 

 Highwater marks measured at the Highway 11A bridge crossing and at various locations along the 
bank within the study area. 

 Q = 773 m3/s on July 19, 1986, on the NSR at the Rocky Mountain House gauging station 
(05DC001) and is between the 1:2 and 1:5-year flood3. 

For this study, the Clearwater River was calibrated to the 1972 flood event and validated against the 1998 
flood event, as detailed below: 

• 1972 peak flood event 

 Highwater mark measured at the gauging station upstream of the Highway 752 bridge. 
 Q = 467 m3/s on June 26, 1972, on the Clearwater River near Rocky Mountain House gauging 

station (05DB001) and is between the 1:10 and 1:20-year flood3. 

• 1998 peak flood event 

 Highwater marks measured at the Highway 752 bridge crossing. 
 Q = 226.7 m3/s on July 3, 1998 and is between the 1:2 and 1:5-year flood3. Note this flow value 

was derived from the recorded flows at the Clearwater River near Dovercourt (05DB006) and the 
Prairie Creek near Rocky Mountain House (05DB002) gauging stations as the WSC gauging station, 
05DB001 was discontinued in 1975 (Matrix 2021). 

In the absence of observed water level data at the downstream boundary, the normal depth boundary 
condition was adopted based on an assumed energy slope 0.0014 m/m, which is equivalent to the average 
surveyed lower NSR bed slope. Channel roughness values of 0.032 on the NSR and 0.027 on the Clearwater 
River provided the best fit to the observed highwater marks for all discharges. 

Overbank roughness was selected based on aerial imagery and photographs collected during the survey 
based on guidance provided in Chow (1959). Though several observed water levels are available for the 
1972 event, this discharge is primarily contained within the channel and did not allow for calibration of 
overbank roughness. However, limited estimated water level data was available for the 1915 event; the 
selected overbank roughnesses resulted in a reasonable agreement between simulated and estimated 
water levels at the Highway 11 and 11A bridges. 

 
3 As compared to return flood estimates reported herein. 
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4.3.3.2 Calibration Results 

Figure 4 (NSR) and Figure 5 (Clearwater River) provide a comparison of the simulated water surface 
profiles and observed highwater marks for the calibration and validation model runs. Table 2 provides a 
summary of the simulated and observed water surface elevations. 

North Saskatchewan River 

For the 1972 event on the NSR, the difference between observed and simulated water level at RS 5346 
(between CN Railroad and Hwy 11A bridge) and RS 12445 was 0.08 and 0.39 m, respectively. For the 1986 
event, the reach-averaged difference in water level between RS 2250 and RS 12080 was -0.28 m. For the 
1915 event, the average difference in water level at RS 1004 and RS 5236 was 0.40 m. 

Clearwater River 

For the 1972 event on the Clearwater River, the difference in water level at RS 2827 (Highway 752 bridge) 
was 0.13 m. For the 1998 event, the difference in water level at RS 2827 and RS 2858 was 0.01 and 0.16 m, 
respectively. 

4.3.4 Flood Frequency Profiles 

Figures 6 and 7 provide the simulated water surface profiles for the 2-year to 1,000-year flood discharges 
on the NSR and Clearwater River, respectively. Table 3 provides the water surface elevations at each 
model cross-section for the range of flood events simulated on the NSR and Clearwater River. The NSR 
gauging station (05DC001) rating curve, including hydraulic model outputs for the range of modelled 
discharges, is presented on Figure 3. 

4.3.5 Model Sensitivity 

Sensitivity analyses were conducted to evaluate the impact of estimated model parameters on simulated 
water levels for the 100-year design flood and included the following: 

• Variation of the downstream water level slope (± 30%) 
• Variation of the Manning roughness values (± 20%) 

Figures 8 and 9 and Table 4 provide a comparison of the simulated water surface profiles for the variable 
downstream boundary conditions. The deviation in water surface elevation from the calibrated 100-year 
flood profile is 0.15 m and -0.06 m for the -30% and +30% downstream slope variation, respectively, as 
measured at the downstream study boundary (RS 685.044); this difference diminishes to less than 0.05 m 
by RS 1003.57 on the NSR. The deviation in water surface elevation is nil on the Clearwater River. 

The channel roughness adopted for the calibrated profile on the NSR is 0.032; the alternate channel 
roughness values investigated here are 0.0256 and 0.0384. The channel roughness adopted for the 
calibrated profile on the Clearwater River is 0.027; the alternate channel roughness values investigated 
here are 0.0216 and 0.0324. Figures 10 and 11 and Table 5 provide a comparison of the simulated water 
surface profiles for the variable channel roughness values. For the NSR, the average and maximum 
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difference in water surface elevations as compared to the calibrated profile are 0.35 m and 0.65 m, 
respectively, for the lower value of n = 0.0256 while these differences are 0.30 m and 0.50 m, respectively, 
for the higher value of n = 0.0384. At the Clearwater River, the average and maximum difference in water 
surface elevation is 0.28 and 0.41 m, respectively, for the lower value of n = 0.0216 and 0.24 and 0.33 m, 
respectively, for the higher value of n = 0.0324. 

Figures 12 and 13 and Table 6 provide a comparison of the simulated water surface profiles for the variable 
overbank roughness conditions (± 20%). For the NSR, the average and maximum difference in water 
surface elevations as compared to the calibrated profile are 0.07 m and 0.21 m, respectively, for the 
lowered overbank roughness values while these differences are 0.06 m and 0.20 m, respectively, for the 
raised overbank roughness values. For the Clearwater River, the average and maximum difference in 
water surface elevation is 0.07 m and 0.11 m, respectively, for the lowered overbank roughness values 
while these differences are 0.07 m and 0.09 m, respectively, for the raised overbank roughness values. 

These variations are considered to be within the expected modelling accuracy. It is concluded that the 
hydraulic model based on the assigned overbank and channel roughness values and downstream 
boundary conditions can be confidently used for developing flood inundation and flood hazard maps for 
the study reach. 

5 FLOOD INUNDATION MAPS 

5.1 Methodology 
The flood surface profiles for all open water inundation scenarios modelled along the NSR and Clearwater 
River were interpolated and translated to inundation boundaries through ArcGIS Desktop. For each of the 
13 flood inundation scenarios, an initial water surface elevation was generated using the automated 
triangulated irregular network (TIN) interpolation tools based on results from the hydraulic model using 
the 3D Analyst extension. The resulting water surface elevation TINs were then translated into a grid 
format adhering to raster resolution and snapping environments in ArcGIS to ensure all grid outputs are 
correctly aligned with the input terrain data. The DTM was then subtracted from the interpolated water 
surface elevation grid to calculate the flood depth grid. The hydroflattened DTM product compared 
against the interpolated water surface does not have the bathymetry of the channel represented in the 
topographic surface. When LiDAR is acquired, it can only return the surface of water and not the elevation 
of the bottom of the channel. As such, the flood depth values calculated in the channel will not be 
representative of the full flood depth. From the flood depth grid, a first estimate of the inundation extent 
grid was defined by identifying cells greater than zero. Cells less than zero are indicative of the topography 
being higher than the modelled water surface elevation. By reclassifying the flood depth surface, the 
inundation extent grid for a given inundation scenario were delineated with the same resolution as the 
original DTM. The inundation grid extent was then converted into a polygon, where it was run through a 
smoothing algorithm (PAEK; 15 m) and a polygon/polygon hole filter (<100 sq. m holes or polygons are 
removed unless otherwise flagged [see Section 5.3]). 
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Manual adjustments to the flood profile to accommodate backwater flood and overtopping are described 
in Section 5.2. 

5.2 Water Surface Elevation TIN Modifications 
The initial inundation extent was inspected to identify areas of backwater flooding where manual TIN 
modifications are required to modify water surface elevation where level pooling is expected. To address 
these areas, the TIN water surface elevation was manipulated through the addition of breaklines and 
areas of constant water level elevation. In areas where there is a single overtopping point that was 
otherwise hydraulically confined (e.g., inundation spills over a road at a single location and pools behind 
it), the TIN surface was adjusted to a level surface in the area behind the road based on the elevation of 
that overtopping point. Areas where there are multiple overtopping points (e.g., the inundation spills at 
one point, continues flowing downgrade, and spills again to reconnect with the main channel) were 
adjusted so that the gradient between the upstream and downstream overtopping points was equal to 
the gradient in the main channel. The elevation at the overtopping point was based on the interpolated 
water level surface at upstream and downstream overtopping points. Table G describes where and what 
type of manual TIN modifications were applied. 

TABLE G TIN Profile Modification Summary Table 

Location Description Side of 
Channel 

Inundation 
Scenario 

Overtopping 
Point 

North Saskatchewan River 
RS 10,790 to RS 10,482 South of Township Road 392 Left 2-Year Single 
RS 10,482 to RS 9,445 North of east end of Township 

Road 392 
Left 100-Year Single 

RS 9,981 to RS 9,445 North of east end of Township 
Road 392 

Left 75-Year Single 

RS 8,866 to RS 7,325 South of NSR and CWR confluence Left 50-Year Single 
RS 8,126 to RS 7,659 Southeast of Range Road 74 Left 35 to 

200-Year 
Single 

RS 8,126 to RS 5,519 South of CN Rail Bridge Left 20-Year Multiple 
RS 6,817 to RS 6,227 East of Range Road 74 Left 10-Year Single 
RS 6,817 to RS 6,227 Southeast of Voyageur Drive Left 35 and 

50-Year 
Single 

RS 6,533 to RS 6,050 East of Voyageur Drive Left 10-Year Single 
RS 6,533 to RS 6,050 Along west end of Voyageur Road Left 200-Year Single 
RS 6,050 to RS 5,542 South of CN Rail Bridge Left 10-Year Single 
RS 6,050 to RS 5,487 Along east end of Voyageur Road Left 200-Year Single 
RS 5,289 to RS 4,677 West of Range Road 73A Left 20-Year Single 
RS 5,289 to RS 4,677 Along Range Road 73A Left 35-Year Single 
RS 2,250 to RS 1,225 East of Range Road 73A Left 20-Year Single 
RS 2,250 to RS 1,004 South of David Thompson Highway Left 500-Year Single 
RS 1,925 to RS 1,225 East of Range Road 73A Left 10-Year Single 
RS 1,925 to RS 1,004 South of David Thompson Highway Left 350-Year Single 
RS 1,584 to RS 1,225 East of Range Road 73A Left 5-Year Single 
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Location Description Side of 
Channel 

Inundation 
Scenario 

Overtopping 
Point 

Confluence 
RS 7,659 (NSR) to RS 498 
(CW) 

South of NSR and CWR confluence Left 20-Year Single 

RS 8,866 (NSR) to RS 498 
(CW) 

South of NSR and CWR confluence Left and 
Right 

35-Year Single 

Clearwater     
RS 1,099 to RS 683 West of 752 Highway Right 10-Year Single 

5.3 Flood Inundation Areas 
Open water flood inundation maps for the 2-year to 1,000-year flood events are presented in Appendix C. 

5.3.1 Key Observations 

A summary of key observations from the open water inundation maps is presented below: 

• An industrial area located in the left bank of the NSR just upstream of the confluence is impacted by 
flooding at the 35-year flood and higher (sheet 5 of 15). Residences located along the right bank in 
this area begin to be impacted by flooding at the 750-year flood and higher. 

• The Riverview Campground located on the left bank upstream of Highway 11 is impacted by flooding 
on the NSR at the 35-year flood and higher (sheet 9 of 15). Several residences adjacent to the 
campground are impacted by flooding at the 350-year flood and higher. 

• An industrial area located along the right bank of the Clearwater River just upstream of the confluence 
is impacted by flooding at the 35-year flood and higher (sheet 14 of 15). 

• A residence and access road located along the right bank of the NSR is impacted by flooding at the 
75-year flood and higher (sheet 4 of 15). Several residences located along the left bank in this area 
begin to be impacted at the 200-year flood and higher (sheets 3 and 4 of 15). 

• The Rocky Mountain House Rodeo Grounds located on the left bank of the NSR are impacted by 
flooding at the 75-year flood and higher (sheet 7 of 15). 

• Several residences located on the NSR left bank near Voyageur Drive begin to be impacted by flooding 
at the 200-year flood and higher (sheet 6 of 15). The water treatment plant located on the right bank 
immediately upstream of Highway 11A bridge is impacted at the 350-year flood and higher. 

• A residence with several outbuildings located on the left bank of the NSR just downstream of the CN 
Rail bridge is impacted by flooding at the 350-year flood and higher (sheet 1 of 15). 
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• Range Road 73A and several adjacent residences located on the left bank of the NSR are impacted by 
flooding at the 350-year flood and higher (sheet 8 of 15). 

• Several residences located along the left and right banks of the Clearwater River near the Highway 
752 bridge are impacted by flooding at the 350-year flood and higher (sheets 12 and 13). 

• Flood impacts to the vehicle/rail bridges is summarized below: 

 CN Rail Bridge – bridge/embankment not overtopped 
 Highway 11A Bridge – road segment to the east overtopped at the 500-year flood and above 
 Highway 11 Bridge – road segment to the south overtopped at the 750-year flood and above 
 Highway 752 bridge – bridge/road not overtopped 

5.3.2 Flood Polygon Discontinuities 

Flood polygon discontinuities refer to those areas that are topographically isolated from the directly 
inundated areas but hydraulically connected via a hydraulic structure such as a culvert. 

Several culverts affecting otherwise isolated areas were identified throughout the study area based on a 
review of aerial imagery; note that these culverts were not surveyed or field verified. All of these identified 
culverts are shown on the open water flood inundation maps and their associated isolated areas were 
included in the inundation mapping. There are potentially other culverts that were not identified during 
aerial imagery review that may result in inundation of isolated areas that are not shown on the maps. 
However, these areas were reviewed by Matrix and GoA and were removed from the maps because 
hydraulic connection could not be confirmed, or because inundation within these areas would not 
meaningfully affect nearby landowners or stakeholders. 

6 FLOODWAY DETERMINATION 

6.1 Design Flood Selection 
Flood hazard identification involves delineation of floodway and flood fringe zones for a specified design 
flood. As per the FHIP guidelines (AENV 2011), the 100-year flood was adopted as the open water design 
flood and is defined based on flood statistics available at the time of the study. A description of key terms 
from the FHIP guidelines (AENV 2011), incorporating technical changes as indicated in the TOR (AEP 2020) 
regarding how floodways are mapped in Alberta is provided in sections below. 

6.2 Floodway and Flood Fringe Terminology 
Flood hazard mapping identifies the area flooded during the design flood event and is typically divided 
into floodway and fringe zones. Flood hazard maps can also show additional flood hazard information 
including areas of relatively high hazard within the flood fringe and incremental areas at risk for more 
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severe floods, like the 200-year and 500-year floods. Flood hazard mapping is typically used for long-term 
flood hazard area management and land use planning. 

• Floodway: when a floodway is first defined on a flood hazard map, it typically represents the area of 
highest flood hazards where flows are deepest, fastest, and most destructive during the 100-year 
design flood. The floodway generally includes the main channel of a stream and a portion of the 
adjacent overbank area. Previously mapped floodways do not typically become larger when a flood 
hazard map is updated, even if the flood hazard area gets larger or design flood levels get higher. 

• Flood fringe: the flood fringe is the portion of the flood hazard area outside of the floodway. The flood 
fringe typically represents areas with shallower, slower, and less destructive flooding during the 
100-year design flood. However, areas with deep or fast-moving water may also be identified as high 
hazard flood fringe within the flood fringe. Areas at risk behind flood berms may also be mapped as 
protected flood fringe areas. 

• Design flood levels: design flood levels are the computed water levels associated with the design 
flood. 

6.3 Flood Hazard Identification 

6.3.1 Floodway Determination Criteria 

The computed water levels associated with the design flood are used as the design flood levels in flood 
hazard identification and mapping process. Some important factors considered in floodway determination 
criteria include the following: 

• In areas being mapped for the first time, the floodway typically represents the area of highest hazard 
where flows are deepest, fastest, and most destructive during the design flood. The following criteria, 
based on those described in current FHIP guidelines, are used to delineate the floodway in such cases: 

 Areas in which the depth of water exceeds 1 m, or the flow velocities are greater than 1 m/s, shall 
be part of the floodway. Exceptions may be made for small backwater areas, ineffective flow 
areas, and to support creation of a hydraulically smooth floodway. 

 In no case should the floodway extend into the main channel area. 

 For reaches of supercritical flow, the floodway boundary should correspond to the edge of 
inundation or the main channel, whichever is larger. 

• When a flood hazard map is updated, an existing floodway will not change in most circumstances. 
Exceptions to this would be: 

 A floodway could get larger if main channel shifts outside of a previously defined floodway. 
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 A floodway could get smaller if an area of previously defined floodway is no longer flooded by the 
design flood. 

• Areas of deeper or faster moving water outside of the floodway are identified as high hazard flood 
fringe. These high hazard flood fringe zones are identified in all areas, whether they are newly mapped 
or have an existing floodway. The depth and velocity criteria used to define high hazard flood fringe 
zones are aligned with the 1 m depth and 1 m/s velocity floodway determination criteria for 
newly-mapped areas. 

• All areas protected by dedicated flood berms that are not overtopped during the design flood are 
excluded from the floodway. Areas behind flood berms will still be mapped as flooded if they are 
overtopped, but areas at risk of flooding behind dedicated flood berms that are not overtopped will 
be mapped as a protected flood fringe zone. 

There were no previously developed flood hazard maps for the study area and no flood control structures 
are located within the study reach. Floodway stations were selected using the above-mentioned factors 
and considering geomorphic and landscape features under the design flood levels along the NSR and 
Clearwater River (Table 7). 

6.3.2 Design Flood Profile 

Table 8 lists the water surface elevations computed for the 100-year design flood on the NSR and 
Clearwater River. The water surface profiles for the NSR and Clearwater River are plotted on Figures 14 
and 15, respectively. 

6.3.3 Floodway Criteria Maps 

Floodway criteria maps are a tool for determining floodway and flood fringe extents for the design flood 
including boundaries of high hazard flood fringe and protected flood fringe areas. The Open Water 
Floodway Criteria Maps (sheet 1 to 16, Appendix D) provided in the Maps and Drawings section of this 
report show: 

• inundation extents of the 100-year open water design flood 

• areas where the depth of water is 1 m or greater and the corresponding 1 m depth contour 

• the portions of each cross-section where the computed velocity is 1 m/s or greater 

• the proposed floodway boundary, as well as the floodway stations corresponding to the floodway 
determination criteria 

• isolated areas of non-flooded, high ground (i.e., “dry” areas) within the design flood extent 

• the location and extent of all cross-sections used in the HEC-RAS model 

• additional information concerning flood criteria maps are provided in the section below 
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6.3.4 Flood Hazard Maps 

Flood hazard maps for the 100-year design flood are provided in Appendix E. The floodway is primarily 
governed by the 1 m depth contour for the Sturgeon River. Manual adjustments to the floodway boundary 
were made in some locations in consultation with AEP to maintain a hydraulically smooth floodway 
between cross-sections; this resulted in some areas with flow depths greater than 1 m being classified as 
flood fringe. These areas are categorized as high hazard flood fringe zone. 

6.3.4.1 Areas within the Floodway 

Along the NSR, the floodway generally encompasses the entire inundation area with no viable flood fringe. 
The floodway in this area is generally situated at or just beyond the main channel with a width ranging 
from about 115 to 425 m. The floodway occasionally extends beyond the main channel and into the 
floodplain in low-lying areas or through inside channel bends. Nearing the confluence, the floodway 
widens into the left and right floodplains with a total width ranging from 600 to 1,000 m. Downstream of 
the confluence, the right floodway station generally extends to the inundation limit (no viable flood fringe) 
and is situated just beyond the main channel. Through the Rocky Mountain House townsite, neither the 
floodway nor flood fringe impact infrastructure existing at the time of this study. Floodplain impacted by 
the floodway generally consists of cultivated or forested land, though several outbuildings, an industrial 
area, and private/tertiary roads (including Range Road 73A) are situated within the floodway. Further, 
there appear to be two residences situated within the floodway on the left bank of the NSR: 

• on sheet 3, approximately 50 m downstream of RS 9981 

• on sheets 5/6, immediately downstream of RS 6533 

Along the Clearwater River, the floodway is more prone to inundating the floodplains and varies in width 
from about 90 to 450 m. The governing floodway criteria typically alternates between the depth and 
velocity criteria with select areas where the floodway extends to the inundation extent. Floodplain 
impacted by the floodway generally consists of cultivated or forested land. One industrial area and what 
appear to be two residences are also situated within the floodway (residences located on sheet 11, 
immediately downstream of RS 4926 on the right bank and at RS 4245 on the left bank). 

6.3.4.2 Areas within the Flood Fringe 

As noted above, there is minimal flood fringe located along the NSR, with the exception of some low-lying 
areas or through inside channel bends. The flood fringe generally consists of cultivated or forested land, 
with several outbuildings, an industrial area, one residence (left bank, sheet 3 of 15), and a tertiary road 
(Range Road 73A). On the Clearwater River, there are more areas with designated flood fringe, primarily 
located through inside channel bends and consisting of cultivated land with a few outbuildings. 

Areas of high hazard flood fringe (>1 m depth) are present at along the NSR at the following locations: 

• On the NSR right bank immediately upstream of the confluence (sheet 5 of 15) 
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• On the NSR left bank just downstream of the Rocky Mountain House rodeo grounds (sheet 7/8 of 15) 

• On the NSR right bank just downstream of the Highway 11 bridge (sheet 10 of 15) 

• On the Clearwater River left bank just downstream of the upstream model limit (sheet 11 of 15) 

• On the Clearwater River right bank jus downstream of the Highway 752 bridge (sheet 13 of 15) 

7 POTENTIAL CLIMATE CHANGE IMPACTS 
Climate change projections for Alberta generally predict an increase in annual temperatures and 
precipitation as well as increased intensity and frequency of extreme events (Alberta WaterPortal 2018). 
In an effort to quantify these impacts, the 100-year flood magnitude was increased by 10% and 20% with 
resulting water levels compared to the baseline elevations. Table H provides a summary of the average 
increase in water level (as compared to baseline water levels) in the NSR and Clearwater River for an 
increase of 10% and 20% to the 100-year flood discharge. Based on these results, and the similar impacts 
in water surface rise in the upper and lower river reaches, it would be reasonable to apply a freeboard 
0.5 m to simulated design water levels when attempting to account for climate change concerns. This 
freeboard has not been incorporated in the flood mapping presented herein. 

TABLE H Computed Water Levels for Potential Climate Change Impacts 

Location 
Water Level Difference (m)1 

10% Increase  20% Increase  
Upper North Saskatchewan River (RS 14181 to 7325) Q = 2,279 m3/s Q = 2,486 m3/s 

Average 0.21 0.41 
Lower North Saskatchewan River (RS 6817 to 0) Q = 3,379 m3/s Q = 3,686 m3/s 

Average 0.26 0.51 
Clearwater River (RS 4926 to 253) Q = 1,100 m3/s Q = 1,200 m3/s 

Average 0.23 0.44 
1. As compared to baseline water levels. 

8 CONCLUSIONS 
Flow estimates for the 2-year to 1,000-year flood events on the NSR and Clearwater River near Rocky 
Mountain House were estimated using flood frequency analysis based on a review of annual peak 
discharges recorded at two hydrometric stations, the Clearwater River near Rocky Mountain House 
(05DC001) and the NSR near Rocky Mountain House (05DC001). 

The hydraulic model and resulting map products were constructed using LiDAR data provided by GoA and 
surveyed cross-sections, and hydraulic structure data collected by GeoVerra under Matrix’s supervision. 
All surveyed data was tied together using ASCN benchmarks that were surveyed independently during the 
various data collection phases. The hydraulic model was calibrated using surveyed highwater marks 
collected during the 1972, 1986, and 1998 flood events as well as water levels estimated during the 1915 
flood event. Calibration focused on the 1972 highwater marks as this flood was most representative of 
the design flood adopted for this study. To best fit the 1972 calibration data, channel roughness ranged 
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from 0.032 (NSR) to 0.037 (Clearwater River), and overbank roughness ranged from 0.02 (cultivated areas) 
to 0.1 (tree/brush). 

A summary of major conclusions from the open water inundation maps (Appendix C) for the 2-year to 
1,000-year flood events is presented below: 

• An industrial area located in the left bank of the NSR just upstream of the confluence is impacted by 
flooding at the 35-year flood and higher (sheet 5 of 15). Residences located along the right bank in 
this area begin to be impacted by flooding at the 750-year flood and higher. 

• The Riverview Campground located on the left bank of the NSR upstream of Highway 11 is impacted 
by flooding at the 35-year flood and higher (sheet 9 of 15). Several residences adjacent to the 
campground are impacted by flooding at the 350-year flood and higher. 

• An industrial area located along the right bank of the Clearwater River just upstream of the confluence 
is impacted by flooding at the 35-year flood and higher (sheet 14 of 15). 

• A residence and access road located along the right bank of the NSR is impacted by flooding at the 
75-year flood and higher (sheet 4 of 15). Several residences located along the left bank in this area 
begin to be impacted at the 200-year flood and higher (sheets 3 and 4 of 15). 

• The Rocky Mountain House Rodeo Grounds located on the left bank of the NSR are impacted by 
flooding at the 75-year flood and higher (sheet 7 of 15). 

• Several residences located on the NSR left bank near Voyageur Drive begin to be impacted by flooding 
at the 200-year flood and higher (sheet 6 of 15). The water treatment plant located on the right bank 
immediately upstream of Highway 11A bridge is impacted at the 350-year flood and higher. 

• A residence with several outbuildings located on the left bank of the NSR just downstream of the 
CN Rail bridge is impacted by flooding at the 350-year flood and higher (sheet 1 of 15). 

• Range Road 73A and several adjacent residences located on the left bank of the NSR are impacted by 
flooding at the 350-year flood and higher (sheet 8 of 15). 

• Several residences located along the left and right banks of the Clearwater River near the Highway 
752 bridge are impacted by flooding at the 350-year flood and higher (sheets 12 and 13). 

• Overtopping of the vehicle bridges occurs at the following flood events and higher: 

 CN Rail Bridge – bridge/embankment not overtopped 
 Highway 11A Bridge – road segment to the east overtopped at the 500-year flood and above 
 Highway 11 Bridge – road segment to the south overtopped at the 750-year flood and above 
 Highway 752 bridge – bridge/road not overtopped 
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The 100-year design flood profile was used to develop the flood hazard maps for the study reach. Along 
the NSR, the floodway generally encompasses the entire inundation area with no viable flood fringe with 
the exception of a few areas where depth is the governing criteria. The floodway along the NSR is generally 
situated at or just beyond the main channel with the exception of the confluence area, where the 
floodway widens into the left and right floodplains. Through the Rocky Mountain House townsite, neither 
the floodway nor flood fringe impact infrastructure existing at the time of this study. Along the NSR, the 
floodway generally consists of cultivated of forested land, though several outbuildings, an industrial area, 
private/tertiary roads, and what appear to be two residences are situated within the floodway. 

The governing floodway criteria along the Clearwater River alternates between the depth and velocity 
criteria with select areas where the floodway extends to the inundation extent (no viable flood fringe). 
Along the Clearwater River, the floodway also consists of cultivated or forested land with one industrial 
area and what appear to be two residences situated within its extents. Design flood hazard maps are 
provided in Appendix E. 
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TABLE 1 Bridge Details 

Bridge 
Name 

Bounding 
Cross-section Details 

CN Railroad 
Bridge (NSR) 

5519 and 5487 • 258.6 m long timber trestle bridge with hexagonal concrete piers 
• Deck width of 3.91 m 
• Average low chord elevation, El. 974.12 m 
• Average high chord elevation, El. 976.5 m 

Highway 
11A Bridge 
(NSR) 

5315 and 5289 
 
 
 

• 170.9 m long concrete bridge with two 1.5 m wide rounded nose piers 
• Deck width of 13.28 m 
• Average low chord elevation, El. 960.44 m 
• Average high chord elevation, El. 963.63 m 

Highway 11 
Bridge (NSR) 

1065 and 1004 
 
 
 

• 167.6 m long concrete bridge with four rounded nose concrete piers 
• Deck width of 13.72 m 
• Average low chord elevation, El. 952.46 m 
• Average high chord elevation, El. 955.24 m 

Highway 
752 Bridge 
(CWR) 

2859 and 2828 
 
 
 

• 89.2 m long concrete bridge with three 1.33 m wide triangular nose 
concrete piers 

• Deck width of 10.52 m 
• Average low chord elevation, El. 966.75 m 
• Average guard rail elevation, El. 965.76 m 
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TABLE 2 Calibration Results  

AEP High Water 
Mark  River Station (m) 

Simulated Water 
Surface Elevation 

(m) 

Observed Water 
Surface Elevation 

(m) 

Difference 
(m) 

North Saskatchewan River - June 26, 1972 Event (Q = 1,880 m3/s) 
1972-NSASK-117-c 5346 957.57 957.49 0.08 
1972-NSASK-120-a 12445 970.92 970.53 0.39 
North Saskatchewan River - 1915 Flood Event (Q = 4,105 m3/s) 
Est. 1915 Flood elev. 1004 951.71 952.20 -0.49 
Est. 1915 Flood elev. 5236 959.36 959.68 -0.32 
North Saskatchewan River - July 19, 1986 Event (Q = 773 m3/s) 
1986-NSASK-115-a 2250 950.97 951.33 -0.36 
1986-NSASK-117-b 5236 956.08 956.50 -0.42 
1986-NSASK-118-a 8126 960.73 960.77 -0.04 
1986-NSASK-119-a 12080 968.35 968.64 -0.29 
Clearwater River – June 26, 1972 Event (Q = 467 m3/s) 
1972-CLR5D-006-a 2828 961.87 962.00 -0.13 
Clearwater River – July 3, 1998 Event (Q = 226.7 m3/s) 
1998-CLR5D-006-b 2828 960.31 960.30 0.01 
1998-CLR5D-006-c 2859 960.41 960.25 0.16 
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TABLE 3 Computed Flood Frequency Water Levels 

Cross-section  River Station 
(m)1 

Water Surface Elevation  
(m) 

2-year flood 5-year flood 10-year flood 20-year flood 35-year flood 50-year flood 75-year flood 100-year flood 200-year flood 350-year flood 500-year flood 750-year flood 1,000-year flood 
North Saskatchewan River 
NS047 14181 973.41 973.86 974.21 974.59 974.93 975.15 975.39 975.58 976.04 976.39 976.67 976.93 977.18 
NS046 13904 972.71 973.16 973.53 973.96 974.34 974.57 974.83 975.03 975.51 975.91 976.24 976.55 976.85 
NS045 13575 971.80 972.34 972.78 973.26 973.66 973.94 974.22 974.44 974.97 975.41 975.77 976.10 976.43 
NS044 13241 971.15 971.59 971.93 972.29 972.60 972.81 973.05 973.27 973.82 974.25 974.56 974.86 975.15 
NS043 12843 970.30 970.80 971.18 971.58 971.89 972.12 972.38 972.61 973.20 973.68 974.12 974.54 974.96 
NS042 12615 969.67 970.13 970.50 970.92 971.30 971.58 971.89 972.16 972.82 973.39 973.87 974.31 974.75 
NS041 12445 969.31 969.79 970.19 970.64 971.02 971.30 971.62 971.89 972.57 973.10 973.52 973.92 974.30 
NS040 12080 968.45 969.01 969.47 969.96 970.37 970.66 970.99 971.26 971.93 972.44 972.84 973.21 973.56 
NS039 11692 967.73 968.27 968.69 969.14 969.51 969.77 970.05 970.29 970.86 971.22 971.52 971.79 972.07 
NS038 11319 967.05 967.63 968.05 968.50 968.87 969.14 969.43 969.68 970.28 970.63 970.95 971.27 971.62 
NS037 11014 966.56 967.13 967.57 968.02 968.41 968.68 968.99 969.26 969.88 970.17 970.44 970.72 971.00 
NS036 10790 966.09 966.65 967.07 967.52 967.90 968.17 968.48 968.74 969.37 969.46 969.60 969.74 969.86 
NS035 10482 965.52 965.99 966.33 966.66 966.93 967.12 967.33 967.49 967.82 968.62 968.92 969.11 969.30 
NS034 10156 964.94 965.45 965.82 966.18 966.50 966.73 966.98 967.20 967.56 967.91 968.16 968.40 968.65 
NS033 9981 964.38 964.89 965.28 965.70 966.07 966.33 966.61 966.84 967.34 967.65 967.90 968.15 968.42 
NS032 9724 963.72 964.23 964.61 965.03 965.39 965.62 965.87 966.06 966.52 966.91 967.22 967.55 967.85 
NS031 9445 963.13 963.66 964.06 964.49 964.86 965.10 965.39 965.61 966.01 966.36 966.65 966.91 967.15 
NS030 9280 962.87 963.40 963.79 964.22 964.57 964.84 965.13 965.35 965.67 965.99 966.25 966.48 966.69 
NS029 8866 962.29 962.82 963.21 963.60 963.93 964.15 964.38 964.60 964.77 964.99 965.17 965.35 965.57 
NS028 8493 961.69 962.14 962.48 962.83 963.14 963.32 963.54 963.72 964.02 964.34 964.60 964.93 965.28 
NS027 8126 960.81 961.30 961.67 962.10 962.47 962.71 963.00 963.24 963.47 964.05 964.39 964.78 965.17 
NS026 7659 959.90 960.45 960.89 961.43 961.81 962.03 962.31 962.52 963.02 963.96 964.33 964.76 965.17 
NS025 7325 959.17 959.87 960.45 961.11 961.52 961.77 962.10 962.34 962.96 963.94 964.31 964.74 965.15 
NS024 6817 958.64 959.35 959.89 960.47 960.80 960.90 961.15 961.38 962.01 963.40 963.86 964.36 964.82 
NS023 6533 958.43 959.15 959.71 960.31 960.76 960.87 961.18 961.43 962.14 963.49 963.92 964.40 964.85 
NS022 6227 957.77 958.49 959.04 959.65 960.08 960.50 960.86 961.17 961.93 963.41 963.83 964.31 964.76 
NS021 6050 957.31 958.05 958.63 959.25 959.65 960.06 960.46 960.82 961.68 963.31 963.74 964.23 964.69 
NS020 5795 956.96 957.67 958.21 958.79 959.40 959.81 960.24 960.60 961.47 963.21 963.63 964.11 964.56 
NS019B 5542 956.74 957.44 957.98 958.56 959.06 959.41 959.76 960.06 960.79 962.60 962.90 963.24 963.57 
NS019BB 5519 956.73 957.42 957.97 958.55 959.05 959.40 959.75 960.05 960.79 962.61 962.91 963.26 963.60 
NS019AA 5487 956.30 956.97 957.49 958.05 958.53 958.87 959.21 959.50 960.20 962.07 962.34 962.67 962.97 
NS019A 5470 956.28 956.95 957.47 958.02 958.50 958.84 959.18 959.47 960.17 962.07 962.34 962.66 962.97 
NS018B 5346 956.08 956.68 957.15 957.65 958.09 958.39 958.67 958.92 959.56 962.01 962.33 962.71 963.08 
NS018BB 5315 956.06 956.67 957.15 957.65 958.09 958.40 958.69 958.94 959.57 961.89 962.12 962.41 962.70 
NS018AA 5289 956.00 956.58 957.03 957.52 957.93 958.23 958.48 958.71 959.26 959.74 960.00 960.30 960.49 
NS018A 5236 955.91 956.49 956.95 957.43 957.85 958.14 958.39 958.63 959.20 959.70 959.98 960.30 960.50 
NS017 4964 955.41 956.00 956.48 956.99 957.44 957.75 958.15 958.45 959.16 959.78 960.14 960.54 960.84 
NS016 4677 954.82 955.50 956.04 956.62 957.11 957.44 957.82 958.12 958.80 959.40 959.71 960.14 960.56 
NS015 4438 954.52 955.21 955.72 956.24 956.66 956.95 957.27 957.51 958.03 958.47 958.94 959.36 959.78 
NS014 4047 953.92 954.61 955.11 955.59 955.96 956.20 956.46 956.66 957.19 957.67 958.00 958.34 958.62 
NS013 3698 953.32 953.93 954.27 954.65 954.99 955.24 955.52 955.76 956.37 956.90 957.31 957.74 958.06 
NS012 3383 952.73 953.33 953.79 954.25 954.65 954.93 955.25 955.51 956.17 956.73 957.14 957.58 957.89 
NS011 3081 952.16 952.83 953.32 953.81 954.22 954.51 954.84 955.10 955.76 956.33 956.73 957.17 957.44 
NS010 2761 951.56 952.33 952.89 953.42 953.85 954.13 954.47 954.73 955.40 955.97 956.40 956.84 957.10 
NS009 2528 951.19 951.85 952.33 952.83 953.21 953.46 953.74 953.97 954.57 955.08 955.44 955.97 956.17 
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Cross-section  River Station 
(m)1 

Water Surface Elevation  
(m) 

2-year flood 5-year flood 10-year flood 20-year flood 35-year flood 50-year flood 75-year flood 100-year flood 200-year flood 350-year flood 500-year flood 750-year flood 1,000-year flood 
NS008 2250 950.79 951.41 951.90 952.40 952.81 953.07 953.39 953.67 954.41 955.06 955.49 956.07 956.29 
NS007 1925 950.27 950.85 951.28 951.77 952.24 952.54 952.90 953.22 954.03 954.80 955.26 955.92 956.13 
NS006 1584 949.63 950.32 950.82 951.38 951.88 952.27 952.68 953.03 953.93 954.72 955.19 955.86 956.07 
NS005 1225 949.18 949.91 950.40 950.94 951.42 951.74 952.10 952.40 953.18 953.87 954.93 955.66 955.85 
NS004B 1065 948.93 949.62 950.05 950.52 950.93 951.21 951.49 951.74 952.38 952.97 953.43 955.56 955.73 
NS004A 1004 948.60 949.35 949.75 950.19 950.56 950.79 950.99 951.18 951.60 951.92 952.14 952.34 952.67 
NS003 685 948.16 948.80 949.06 949.48 949.85 950.01 950.29 950.49 950.97 951.38 951.70 952.04 952.34 
NS0022 356 947.74 948.39 948.63 949.06 949.46 949.67 949.94 950.15 950.70 951.17 951.54 951.92 952.26 
NS0012 0 947.24 947.89 948.14 948.57 948.98 949.18 949.45 949.66 950.20 950.65 951.00 951.36 951.68 

Clearwater River 
CW024 4926 962.25 962.93 963.44 963.95 964.32 964.50 964.77 964.95 965.55 966.18 966.56 967.05 967.45 
CW023 4796 962.16 962.85 963.38 963.90 964.29 964.49 964.78 964.97 965.54 966.17 966.55 967.03 967.43 
CW022 4642 961.96 962.66 963.21 963.78 964.18 964.48 964.78 964.96 965.54 966.16 966.54 967.03 967.42 
CW021 4457 961.82 962.58 963.16 963.73 964.12 964.41 964.70 964.91 965.50 966.14 966.52 967.01 967.41 
CW020 4245 961.53 962.23 962.79 963.35 963.69 963.97 964.37 964.65 965.37 966.05 966.45 966.95 967.36 
CW019 3964 961.24 961.95 962.53 963.08 963.62 963.94 964.34 964.61 965.30 965.98 966.37 966.87 967.28 
CW018 3664 960.96 961.70 962.31 962.93 963.45 963.78 964.18 964.48 965.20 965.89 966.29 966.79 967.21 
CW017 3344 960.57 961.28 961.89 962.57 963.14 963.48 963.89 964.17 964.93 965.66 966.05 966.56 966.96 
CW016 3134 960.21 961.03 961.70 962.37 962.88 963.16 963.51 963.75 964.36 965.08 965.52 966.03 966.55 
CW015 2940 960.06 960.96 961.64 962.34 962.86 963.15 963.51 963.75 964.37 965.06 965.44 965.91 966.31 
CW014B 2859 959.97 960.85 961.52 962.20 962.69 962.95 963.28 963.49 964.02 964.67 965.03 965.45 965.85 
CW014A 2828 959.90 960.74 961.40 962.06 962.56 962.82 963.15 963.37 963.95 964.59 964.94 965.34 965.70 
CW013 2781 959.86 960.73 961.39 962.06 962.56 962.83 963.16 963.38 963.95 964.61 964.97 965.41 965.79 
CW012 2536 959.71 960.58 961.23 961.90 962.40 962.66 963.03 963.27 963.89 964.64 965.04 965.51 965.91 
CW011 2335 959.66 960.48 961.10 961.75 962.22 962.45 962.79 963.05 963.67 964.52 964.94 965.42 965.83 
CW010 2137 959.57 960.42 961.06 961.73 962.20 962.44 962.76 963.02 963.62 964.44 964.84 965.31 965.72 
CW009 1909 959.46 960.30 960.94 961.60 962.06 962.27 962.61 962.85 963.42 964.23 964.60 965.01 965.39 
CW008 1751 959.40 960.23 960.86 961.51 961.96 962.15 962.45 962.66 963.14 963.92 964.24 964.59 964.91 
CW007 1552 959.34 960.15 960.78 961.44 961.90 962.09 962.40 962.61 963.12 963.94 964.28 964.65 965.08 
CW006 1338 959.26 960.07 960.69 961.35 961.78 961.94 962.23 962.45 962.99 963.89 964.25 964.72 965.14 
CW005 1099 959.15 959.98 960.60 961.26 961.69 961.86 962.21 962.45 963.05 963.97 964.34 964.77 965.18 
CW004 888 959.09 959.90 960.51 961.15 961.56 961.88 962.21 962.45 963.04 963.97 964.34 964.78 965.19 
CW003 683 959.06 959.89 960.53 961.19 961.62 961.86 962.18 962.42 963.00 963.94 964.32 964.75 965.16 
CW002 498 958.99 959.78 960.37 961.03 961.43 961.65 961.97 962.21 962.81 963.87 964.26 964.70 965.12 
CW001 253 958.97 959.75 960.35 961.01 961.42 961.64 961.97 962.23 962.85 963.89 964.27 964.71 965.13 

1 River station 0 is located at the downstream end of the model and increases moving upstream. 
2 Indicates cross-sections located outside of the study reach. 
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TABLE 4 Sensitivity Analysis, Variable Downstream Boundary Conditions at 100-year Flood 

River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Downstream Slope -30% Calibrated Profile Downstream Slope +30% 
S = 0.00098 S = 0.0014 S = 0.00182 

North Saskatchewan  
14181 975.58 975.58 975.58 
13904 975.03 975.03 975.03 
13575 974.44 974.44 974.44 
13241 973.27 973.27 973.27 
12843 972.61 972.61 972.61 
12615 972.16 972.16 972.16 
12445 971.89 971.89 971.89 
12080 971.26 971.26 971.26 
11692 970.29 970.29 970.29 
11319 969.68 969.68 969.68 
11014 969.26 969.26 969.26 
10790 968.74 968.74 968.74 
10482 967.49 967.49 967.49 
10156 967.20 967.20 967.20 
9981 966.84 966.84 966.84 
9724 966.06 966.06 966.06 
9445 965.61 965.61 965.61 
9280 965.35 965.35 965.35 
8866 964.60 964.60 964.60 
8493 963.72 963.72 963.72 
8126 963.24 963.24 963.24 
7659 962.52 962.52 962.52 
7325 962.34 962.34 962.34 
6817 961.38 961.38 961.38 
6533 961.43 961.43 961.43 
6227 961.17 961.17 961.17 
6050 960.82 960.82 960.82 
5795 960.60 960.60 960.60 
5542 960.06 960.06 960.06 
5519 960.05 960.05 960.05 
5503 959.74 959.74 959.74 
5503 959.35 959.35 959.35 
5487 959.50 959.50 959.50 
5470 959.47 959.47 959.47 
5346 958.92 958.92 958.92 
5315 958.94 958.94 958.94 
5290 958.84 958.84 958.84 
5290 958.70 958.70 958.70 
5289 958.71 958.71 958.71 
5236 958.63 958.63 958.63 
4964 958.45 958.45 958.45 
4677 958.12 958.12 958.12 
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River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Downstream Slope -30% Calibrated Profile Downstream Slope +30% 
S = 0.00098 S = 0.0014 S = 0.00182 

4438 957.51 957.51 957.51 
4047 956.66 956.66 956.66 
3698 955.76 955.76 955.76 
3383 955.51 955.51 955.51 
3081 955.10 955.10 955.10 
2761 954.73 954.73 954.73 
2528 953.97 953.97 953.97 
2250 953.67 953.67 953.67 
1925 953.23 953.22 953.22 
1584 953.03 953.03 953.02 
1225 952.42 952.40 952.40 
1065 951.76 951.74 951.73 
1033 951.88 951.87 951.86 
1033 951.83 951.81 951.81 
1004 951.22 951.18 951.17 
685 950.64 950.49 950.43 
3562 950.41 950.15 950.03 
02 950.07 949.66 949.39 
average difference 0.00  0.00 

maximum difference 0.15  -0.06 
Clearwater River 

4926 964.95 964.95 964.95 
4796 964.97 964.97 964.97 
4642 964.96 964.96 964.96 
4457 964.91 964.91 964.91 
4245 964.65 964.65 964.65 
3964 964.61 964.61 964.61 
3664 964.48 964.48 964.48 
3344 964.17 964.17 964.17 
3134 963.75 963.75 963.75 
2940 963.75 963.75 963.75 
2859 963.49 963.49 963.49 
2843 963.40 963.40 963.40 
2843 963.34 963.34 963.34 
2828 963.37 963.37 963.37 
2781 963.38 963.38 963.38 
2536 963.27 963.27 963.27 
2335 963.05 963.05 963.05 
2137 963.02 963.02 963.02 
1909 962.85 962.85 962.85 
1751 962.66 962.66 962.66 
1552 962.61 962.61 962.61 
1338 962.45 962.45 962.45 
1099 962.45 962.45 962.45 
888 962.45 962.45 962.45 
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River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Downstream Slope -30% Calibrated Profile Downstream Slope +30% 
S = 0.00098 S = 0.0014 S = 0.00182 

683 962.42 962.42 962.42 
498 962.21 962.21 962.21 
253 962.23 962.23 962.23 
average difference 0.00  0.00 

maximum difference 0.00  0.00 
1 River station 0 is located at the downstream end of the model and increases moving upstream. 
2 Indicates cross-sections located outside of the study reach. 
 

  

DRAFT

Classification: Public



 

31781-531 Tables 2022-03-18.docx 10 Matrix Solutions Inc. 
 

TABLE 5 Sensitivity Analysis, Variable Channel Manning Roughness at 100-year Flood 

River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Channel Roughness -20% Calibrated Profile Channel Roughness +20% 
nchannel = 0.0256 nchannel = 0.032 nchannel = 0.0384 

North Saskatchewan  
14181 975.12 975.58 975.98 
13904 974.70 975.03 975.36 
13575 974.27 974.44 974.73 
13241 972.62 973.27 973.77 
12843 972.16 972.61 973.04 
12615 971.60 972.16 972.61 
12445 971.40 971.89 972.32 
12080 970.81 971.26 971.66 
11692 969.83 970.29 970.70 
11319 969.27 969.68 970.03 
11014 968.93 969.26 969.56 
10790 968.46 968.74 969.02 
10482 966.98 967.49 967.87 
10156 967.05 967.20 967.32 
9981 966.78 966.84 966.92 
9724 965.52 966.06 966.42 
9445 965.14 965.61 965.86 
9280 964.91 965.35 965.54 
8866 964.25 964.60 964.68 
8493 963.27 963.72 963.96 
8126 962.78 963.24 963.33 
7659 962.21 962.52 962.67 
7325 962.04 962.34 962.55 
6817 960.96 961.38 961.70 
6533 961.13 961.43 961.69 
6227 960.88 961.17 961.42 
6050 960.44 960.82 961.14 
5795 960.23 960.60 960.91 
5542 959.76 960.06 960.36 
5519 959.77 960.05 960.34 
5503 959.39 959.74 960.06 
5503 959.02 959.35 959.67 
5487 959.20 959.50 959.79 
5470 959.18 959.47 959.75 
5346 958.58 958.92 959.26 
5315 958.64 958.94 959.24 
5290 958.51 958.84 959.16 
5290 958.33 958.70 959.04 
5289 958.34 958.71 959.04 
5236 958.26 958.63 958.96 
4964 958.00 958.45 958.84 
4677 957.78 958.12 958.44 
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River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Channel Roughness -20% Calibrated Profile Channel Roughness +20% 
nchannel = 0.0256 nchannel = 0.032 nchannel = 0.0384 

4438 957.23 957.51 957.80 
4047 956.60 956.66 956.92 
3698 955.36 955.76 956.15 
3383 955.21 955.51 955.77 
3081 954.85 955.10 955.34 
2761 954.53 954.73 954.95 
2528 953.51 953.97 954.32 
2250 953.25 953.67 953.99 
1925 952.74 953.22 953.58 
1584 952.71 953.03 953.34 
1225 952.21 952.40 952.65 
1065 951.60 951.74 951.96 
1033 951.75 951.87 952.07 
1033 951.69 951.81 952.02 
1004 950.82 951.18 951.55 
685 949.94 950.49 950.83 
3562 949.77 950.15 950.45 
02 949.29 949.66 949.96 
average difference -0.35  0.30 

maximum difference -0.65  0.50 
Clearwater River    

4926 964.73 964.95 965.19 
4796 964.81 964.97 965.16 
4642 964.83 964.96 965.14 
4457 964.77 964.91 965.08 
4245 964.24 964.65 964.94 
3964 964.30 964.61 964.87 
3664 964.14 964.48 964.76 
3344 963.77 964.17 964.50 
3134 963.40 963.75 964.07 
2940 963.48 963.75 964.02 
2859 963.16 963.49 963.78 
2843 963.06 963.40 963.71 
2843 963.01 963.34 963.63 
2828 963.05 963.37 963.67 
2781 963.08 963.38 963.66 
2536 962.95 963.27 963.55 
2335 962.65 963.05 963.35 
2137 962.71 963.02 963.27 
1909 962.52 962.85 963.09 
1751 962.38 962.66 962.88 
1552 962.36 962.61 962.81 
1338 962.21 962.45 962.64 
1099 962.23 962.45 962.63 
888 962.26 962.45 962.61 
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River Station (m)1 

Simulated Water Surface Elevation at 100-year Flood  
(m) 

Channel Roughness -20% Calibrated Profile Channel Roughness +20% 
nchannel = 0.0256 nchannel = 0.032 nchannel = 0.0384 

683 962.25 962.42 962.56 
498 961.97 962.21 962.39 
253 962.02 962.23 962.40 
average difference -0.28  0.24 

maximum difference -0.41  0.33 
1 River station 0 is located at the downstream end of the model and increases moving upstream. 
2 Indicates cross-sections located outside of the study reach. 
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TABLE 6 Sensitivity Analysis, Variable Overbank Manning Roughness at 100-year Flood 

River Station (m)1 
Simulated Water Surface Elevation at 100-year Flood  

(m) 
Overbank Roughness -20% Calibrated Profile Overbank Roughness +20% 

North Saskatchewan  
14181 975.56 975.58 975.61 
13904 974.99 975.03 975.10 
13575 974.42 974.44 974.54 
13241 973.26 973.27 973.44 
12843 972.58 972.61 972.63 
12615 972.11 972.16 972.20 
12445 971.83 971.89 971.94 
12080 971.20 971.26 971.31 
11692 970.22 970.29 970.35 
11319 969.63 969.68 969.72 
11014 969.21 969.26 969.30 
10790 968.71 968.74 968.75 
10482 967.45 967.49 967.52 
10156 967.15 967.20 967.24 
9981 966.71 966.84 966.94 
9724 966.04 966.06 966.07 
9445 965.57 965.61 965.64 
9280 965.31 965.35 965.37 
8866 964.55 964.60 964.63 
8493 963.68 963.72 963.75 
8126 963.20 963.24 963.23 
7659 962.41 962.52 962.50 
7325 962.28 962.34 962.44 
6817 961.24 961.38 961.48 
6533 961.32 961.43 961.53 
6227 961.06 961.17 961.24 
6050 960.76 960.82 960.86 
5795 960.56 960.60 960.62 
5542 960.01 960.06 960.10 
5519 960.01 960.05 960.09 
5503 959.68 959.74 959.78 
5503 959.29 959.35 959.40 
5487 959.45 959.50 959.55 
5470 959.41 959.47 959.52 
5346 958.85 958.92 958.98 
5315 958.87 958.94 959.00 
5290 958.76 958.84 958.91 
5290 958.61 958.70 958.78 
5289 958.61 958.71 958.78 
5236 958.52 958.63 958.71 
4964 958.34 958.45 958.53 
4677 958.01 958.12 958.20 
4438 957.41 957.51 957.59 
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River Station (m)1 
Simulated Water Surface Elevation at 100-year Flood  

(m) 
Overbank Roughness -20% Calibrated Profile Overbank Roughness +20% 

4047 956.45 956.66 956.86 
3698 955.61 955.76 955.87 
3383 955.34 955.51 955.64 
3081 954.93 955.10 955.23 
2761 954.58 954.73 954.85 
2528 953.88 953.97 954.05 
2250 953.58 953.67 953.75 
1925 953.20 953.22 953.22 
1584 953.01 953.03 953.04 
1225 952.36 952.40 952.44 
1065 951.68 951.74 951.79 
1033 951.81 951.87 951.91 
1033 951.76 951.81 951.86 
1004 951.11 951.18 951.24 
685 950.33 950.49 950.60 
3562 950.02 950.15 950.25 
02 949.54 949.66 949.75 
average difference -0.07  0.06 

maximum difference -0.21  0.20 
Clearwater River 

4926 964.86 964.95 965.03 
4796 964.87 964.97 965.05 
4642 964.87 964.96 965.04 
4457 964.82 964.91 964.98 
4245 964.58 964.65 964.72 
3964 964.55 964.61 964.66 
3664 964.42 964.48 964.54 
3344 964.16 964.17 964.19 
3134 963.70 963.75 963.81 
2940 963.70 963.75 963.82 
2859 963.43 963.49 963.55 
2843 963.34 963.40 963.47 
2843 963.28 963.34 963.40 
2828 963.32 963.37 963.44 
2781 963.32 963.38 963.45 
2536 963.22 963.27 963.33 
2335 962.96 963.05 963.11 
2137 962.91 963.02 963.09 
1909 962.77 962.85 962.91 
1751 962.57 962.66 962.73 
1552 962.53 962.61 962.68 
1338 962.35 962.45 962.54 
1099 962.35 962.45 962.54 
888 962.36 962.45 962.53 
683 962.32 962.42 962.50 
498 962.13 962.21 962.28 
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River Station (m)1 
Simulated Water Surface Elevation at 100-year Flood  

(m) 
Overbank Roughness -20% Calibrated Profile Overbank Roughness +20% 

253 962.14 962.23 962.30 
average difference -0.07  0.07 

maximum difference -0.11  0.09 
1 River station 0 is located at the downstream end of the model and increases moving upstream. 
2 Indicates cross-sections located outside of the study reach. 
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TABLE 7 Floodway Stations and Limiting Floodway Determination Criteria 

River 
Station 

(m)2 

Floodway Stations (m) Governing Floodway Criterion 

Left Station Right Station Left Station Right Station 

North Saskatchewan River  
14181 591.823 734.166 no viable flood fringe no viable flood fringe 
13904 628.048 894.102 no viable flood fringe hydraulically smoothed 
13575 730.880 1084.986 no viable flood fringe depth criteria 
13241 740.613 913.253 no viable flood fringe no viable flood fringe 
12843 654.566 824.970 no viable flood fringe no viable flood fringe 
12615 509.690 709.103 no viable flood fringe no viable flood fringe 
12445 411.053 599.060 velocity criteria no viable flood fringe 
12080 424.352 574.770 no viable flood fringe no viable flood fringe 
11692 413.050 529.439 no viable flood fringe no viable flood fringe 
11319 333.075 492.148 no viable flood fringe no viable flood fringe 
11014 594.514 781.749 no viable flood fringe depth criteria 
10790 573.986 744.914 no viable flood fringe no viable flood fringe 
10482 594.636 725.686 no viable flood fringe no viable flood fringe 
10156 505.882 749.395 no viable flood fringe no viable flood fringe 
9981 427.925 695.379 no viable flood fringe velocity criteria 
9724 365.569 536.823 no viable flood fringe velocity criteria 
9445 37.133 378.700 no viable flood fringe no viable flood fringe 
9280 116.178 438.498 no viable flood fringe no viable flood fringe 

8866 188.840 441.969 
 no viable flood fringe hydraulically smoothed 

8493 307.657 731.907 no viable flood fringe depth criteria 

8126 256.462 
 670.741 no viable flood fringe depth criteria 

7659 797.260 1184.355 no viable flood fringe hydraulically smoothed 
7325 505.586 1521.476 no viable flood fringe depth criteria 
6817 473.293 1166.198 hydraulically smoothed no viable flood fringe 
6533 409.842 1161.272 depth criteria no viable flood fringe 
6227 418.515 1102.978 no viable flood fringe no viable flood fringe 
6050 314.293 871.671 depth criteria no viable flood fringe 
5795 171.001 579.520 no viable flood fringe no viable flood fringe 
5542 150.541 539.062 no viable flood fringe no viable flood fringe 
5519 335.843 537.253 no viable flood fringe no viable flood fringe 
5487 347.004 548.420 no viable flood fringe depth criteria 
5470 156.744 500.988 depth criteria depth criteria 
5346 308.939 480.167 hydraulically smoothed depth criteria 
5315 339.636 511.006 no viable flood fringe no viable flood fringe 
5289 342.151 510.686 no viable flood fringe no viable flood fringe 
5236 305.291 682.737 hydraulically smoothed depth criteria 
4964 273.210 707.303 no viable flood fringe no viable flood fringe 
4677 508.531 771.106 hydraulically smoothed no viable flood fringe 
4438 623.965 787.898 velocity criteria no viable flood fringe 
4047 643.828 849.963 velocity criteria no viable flood fringe 
3698 391.304 776.657 no viable flood fringe no viable flood fringe 
3383 316.593 809.271 no viable flood fringe no viable flood fringe 
3081 246.164 713.201 no viable flood fringe no viable flood fringe 
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River 
Station 

(m)2 

Floodway Stations (m) Governing Floodway Criterion 

Left Station Right Station Left Station Right Station 

2761 259.946 674.379 no viable flood fringe no viable flood fringe 
2528 366.053 652.643 no viable flood fringe no viable flood fringe 
2250 415.010 811.422 no viable flood fringe no viable flood fringe 
1925 712.644 1215.539 no viable flood fringe no viable flood fringe 
1584 449.005 1061.703 no viable flood fringe depth criteria 
1225 262.612 850.802 no viable flood fringe depth criteria 
1065 311.968 463.486 no viable flood fringe no viable flood fringe 
1004 300.771 457.387 no viable flood fringe no viable flood fringe 
685 411.516 748.473 no viable flood fringe velocity criteria 
Clearwater River 
4926 30.713 139.515 no viable flood fringe depth criteria 
4796 132.330 296.909 no viable flood fringe hydraulically smoothed 
4642 276.934 486.555 no viable flood fringe no viable flood fringe 
4457 356.899 661.647 hydraulically smoothed depth criteria 
4245 258.713 559.603 depth criteria no viable flood fringe 
3964 176.227 483.710 depth criteria no viable flood fringe 
3664 222.861 408.450 no viable flood fringe depth criteria 
3344 278.196 442.312 no viable flood fringe depth criteria 
3134 254.304 346.493 depth criteria no viable flood fringe 
2940 222.921 317.896 depth criteria no viable flood fringe 
2859 206.829 291.640 depth criteria hydraulically smoothed 
2828 205.019 320.731 no viable flood fringe velocity criteria 
2781 202.665 305.464 depth criteria velocity criteria 
2536 238.872 354.610 no viable flood fringe velocity criteria 
2335 204.271 316.603 depth criteria velocity criteria 
2137 181.205 277.152 depth criteria depth criteria 
1909 180.389 303.798 depth criteria depth criteria 
1751 167.868 274.700 depth criteria depth criteria 
1552 167.459 317.997 no viable flood fringe depth criteria 
1338 195.020 321.748 hydraulically smoothed no viable flood fringe 
1099 257.212 665.037 depth criteria depth criteria 
888 466.262 870.768 depth criteria no viable flood fringe 
683 429.300 865.294 depth criteria no viable flood fringe 
498 393.521 783.122 depth criteria no viable flood fringe 
253 189.486 802.676 depth criteria no viable flood fringe 

1 River station 0 is located at the downstream end of the model and increases moving upstream.  
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TABLE 8 Design Flood Water Surface Elevations 

Cross-Section River Station 
(m)1 

100-year Water Surface Elevation  
(m) 

North Saskatchewan River 
NS047 14181 975.58 
NS046 13904 975.03 
NS045 13575 974.44 
NS044 13241 973.27 
NS043 12843 972.61 
NS042 12615 972.16 
NS041 12445 971.89 
NS040 12080 971.26 
NS039 11692 970.29 
NS038 11319 969.68 
NS037 11014 969.26 
NS036 10790 968.74 
NS035 10482 967.49 
NS034 10156 967.20 
NS033 9981 966.84 
NS032 9724 966.06 
NS031 9445 965.61 
NS030 9280 965.35 
NS029 8866 964.60 
NS028 8493 963.72 
NS027 8126 963.24 
NS026 7659 962.52 
NS025 7325 962.34 
NS024 6817 961.38 
NS023 6533 961.43 
NS022 6227 961.17 
NS021 6050 960.82 
NS020 5795 960.60 
NS019B 5542 960.06 
NS019BB 5519 960.05 
NS019AA 5487 959.50 
NS019A 5470 959.47 
NS018B 5346 958.92 
NS018BB 5315 958.94 
NS018AA 5289 958.71 
NS018A 5236 958.63 
NS017 4964 958.45 
NS016 4677 958.12 
NS015 4438 957.51 
NS014 4047 956.66 
NS013 3698 955.76 
NS012 3383 955.51 
NS011 3081 955.10 
NS010 2761 954.73 
NS009 2528 953.97 
NS008 2250 953.67 
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Cross-Section River Station 
(m)1 

100-year Water Surface Elevation  
(m) 

NS007 1925 953.22 
NS006 1584 953.03 
NS005 1225 952.40 
NS004B 1065 951.74 
NS004A 1004 951.18 
NS003 685 950.49 
NS0022 356 950.15 
NS0012 0 949.66 

Clearwater River 
CW024 4926 964.95 
CW023 4796 964.97 
CW022 4642 964.96 
CW021 4457 964.91 
CW020 4245 964.65 
CW019 3964 964.61 
CW018 3664 964.48 
CW017 3344 964.17 
CW016 3134 963.75 
CW015 2940 963.75 
CW014B 2859 963.49 
CW014A 2828 963.37 
CW013 2781 963.38 
CW012 2536 963.27 
CW011 2335 963.05 
CW010 2137 963.02 
CW009 1909 962.85 
CW008 1751 962.66 
CW007 1552 962.61 
CW006 1338 962.45 
CW005 1099 962.45 
CW004 888 962.45 
CW003 683 962.42 
CW002 498 962.21 
CW001 253 962.23 

1 River station 0 is located at the downstream end of the model and increases moving upstream. 
2 Indicates cross-sections located outside of the study reach. 
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Survey Control and RTK Survey Quality Assurance 
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Rocky Mountain House

Cross section surveys

Ryder Kiehl

Ken Emaas

R10 5748470246

R10 5747470184

DRAFT

Classification: Public



Job No. 

Client:

Page

Date:

RTK  OBSERVATION DATA SHEET

Base:

Base set at Point # Known Autonomous (60 sec.)

Description:

Base Lat:     N.

Base Long:  W.

Ground N.

Ground E.

Height above Ellipse m. Ground Elevation m.

Rover: Antenna Type

Height: m. ft

Vertical Projection: GSD95

Remote Elevation to: at: m.

Horizontal Projection:
Mapping Plane Zone:

Single Point (Base) Ground Origin Pt. #

Control Points Control File:

Points Used:

Adjustment Residuals: N. m. E. m.

Scale: Rotation:

Check Point Number(s):

Check Point Residuals: N. m. E. m. Elev

Point Numbers observed from this base set up:

Field Representative:

Weather °C kPa

Bot of Quick Release

HT 2.0Set and confirmed

Antenna Type: Serial Number:

Height: m. ft Lvr of Ext. Cen of Bmpr Bot of Mnt

of 

Cen of Bmpr Bot of Mnt

222062 2 9

AEP Oct 16, 2020

R10 574740184
1.472 x

101 x
ASCM 37754

R10
2

x 3TM

2284 to 2018
0.004 0.018 0.009

2215-2284

Ryder Kiehl

DRAFT

Classification: Public



Job No. 

Client:

Page

Date:

RTK  OBSERVATION DATA SHEET

Base:

Base set at Point # Known Autonomous (60 sec.)

Description:

Base Lat:     N.

Base Long:  W.

Ground N.

Ground E.

Height above Ellipse m. Ground Elevation m.

Rover: Antenna Type

Height: m. ft

Vertical Projection: GSD95

Remote Elevation to: at: m.

Horizontal Projection:
Mapping Plane Zone:

Single Point (Base) Ground Origin Pt. #

Control Points Control File:

Points Used:

Adjustment Residuals: N. m. E. m.

Scale: Rotation:

Check Point Number(s):

Check Point Residuals: N. m. E. m. Elev

Point Numbers observed from this base set up:

Field Representative:

Weather °C kPa

Bot of Quick Release

HT 2.0Set and confirmed

Antenna Type: Serial Number:

Height: m. ft Lvr of Ext. Cen of Bmpr Bot of Mnt

of 

Cen of Bmpr Bot of Mnt

222062 3 9

AEP Oct 17, 2020

R10 574740184
1.361 x

101 x
ASCM 37754

R10
2

x 3TM

2416 to 2018
0.002 0.003 0.002

2285-2416

Ryder Kiehl

DRAFT

Classification: Public



Job No. 

Client:

Page

Date:

RTK  OBSERVATION DATA SHEET

Base:

Base set at Point # Known Autonomous (60 sec.)

Description:

Base Lat:     N.

Base Long:  W.

Ground N.

Ground E.

Height above Ellipse m. Ground Elevation m.

Rover: Antenna Type

Height: m. ft

Vertical Projection: GSD95

Remote Elevation to: at: m.

Horizontal Projection:
Mapping Plane Zone:

Single Point (Base) Ground Origin Pt. #

Control Points Control File:

Points Used:

Adjustment Residuals: N. m. E. m.

Scale: Rotation:

Check Point Number(s):

Check Point Residuals: N. m. E. m. Elev

Point Numbers observed from this base set up:

Field Representative:

Weather °C kPa

Bot of Quick Release

HT 2.0Set and confirmed

Antenna Type: Serial Number:

Height: m. ft Lvr of Ext. Cen of Bmpr Bot of Mnt

of 

Cen of Bmpr Bot of Mnt

222062 4 9

AEP Oct 18, 2020

R10 574740184
1.434 x

101 x
ASCM 37754

R10
2

x 3TM

2531 to 2018
0.004 0.001 0.003

2416-2531

Ryder Kiehl

DRAFT

Classification: Public



Job No. 

Client:

Page

Date:

RTK  OBSERVATION DATA SHEET

Base:

Base set at Point # Known Autonomous (60 sec.)

Description:

Base Lat:     N.

Base Long:  W.

Ground N.

Ground E.

Height above Ellipse m. Ground Elevation m.

Rover: Antenna Type

Height: m. ft

Vertical Projection: GSD95

Remote Elevation to: at: m.

Horizontal Projection:
Mapping Plane Zone:

Single Point (Base) Ground Origin Pt. #

Control Points Control File:

Points Used:

Adjustment Residuals: N. m. E. m.

Scale: Rotation:

Check Point Number(s):

Check Point Residuals: N. m. E. m. Elev

Point Numbers observed from this base set up:

Field Representative:

Weather °C kPa

Bot of Quick Release

HT 2.0Set and confirmed

Antenna Type: Serial Number:

Height: m. ft Lvr of Ext. Cen of Bmpr Bot of Mnt

of 

Cen of Bmpr Bot of Mnt

222062 5 9

AEP Oct 18, 2020

R10 5446483764
1.434 x

101 x
ASCM 37754

R6
2

x 3TM

3000 to 8000
0.003 0.006 0.000

3000-3008

46550-46589

Ryder Kiehl

DRAFT

Classification: Public



JOB NO.: SURVEY DATE: PAGE: OF

CLIENT : PREPARED BY:

L.S: TOWNSHIP: RANGE: W. M.SECTION:

Toll Free: 1-800-465-6233
www.geoverra.com

6

7

18

19

30

31

5

8

17

20

29

32

4

9

16

21

28

33

3

10

15

22

27

34

2

11

14

23

26

35

1

12

13

24

25

36

4

5

12

13

3

6

11

14

2

7

10

15

1

8

9

16

ab

c d

N.W. N.E.

S.E.S.W.

2

31

EastWest

Pillar Side
Pillar Top

11.75m

18.40m 1.50m
Pillarb shots taken near water level

Chainage 0

Pillar 1

Ch 51.80m

Pillar 2

Ch119.75m

Chainage 170.95

Elv Bottom Mid

960.93m

Pillars have 
curved fronts

Elv Bottom

961.02m

Elv Bottom

959.86m

Ignore elvrail shots

Elv Curb

963.06m

Elv Curb

964.17m

Elv Curb

964.20m

222062 Oct 18, 2020 6 9

AEP Ryder Kiehl

Highway 1A Bridge Length 170.95m Width 13.28m
Add 0.023 m to all Elevations to Related 
to Project Control 

DRAFT

Classification: Public



JOB NO.: SURVEY DATE: PAGE: OF

CLIENT : PREPARED BY:

L.S: TOWNSHIP: RANGE: W. M.SECTION:

Toll Free: 1-800-465-6233
www.geoverra.com

6

7

18

19

30

31

5

8

17

20

29

32

4

9

16

21

28

33

3

10

15

22

27

34

2

11

14

23

26

35

1

12

13

24

25

36

4

5

12

13

3

6

11

14

2

7

10

15

1

8

9

16

ab

c d

N.W. N.E.

S.E.S.W.

2

31

222062 Oct 18, 2020 7 9

AEP Ryder Kiehl

Rail Bridge South of Highway 1A Bridge Width 3.91m (use abut4 for width)

WestEast

Top View Pillars

Chainage 0 Ch 258.58m
Elv Top 
977.25

Elv Bot

974.76

Elv Top 
976.72

Elv Bot 
968.93

Elv Bot 
968.32

Elv Top 
975.73

Elv Bot

973.48

Typical Pillar Size/Layout

Length 5.5m

Width 3m

Note pillars taper so widths

and lengths are not


consistent

2m spacing from point to point

all pillars in line with each other

Middle pillar

3.5m wide

9.5m long

Length 5.5m

Width 3m

Midhill

Support

Ch 19.85

NTS all distances in meters

Pillar Ch

42.89

Pillar Ch

56.55

Pillar Ch 
79.13

Pillar Ch 
93.07

Pillar Ch 
140.35

Pillar Ch 
189.25

Pillar Ch 
202.59

Midhill Support

Ch 225.38


Note Add 0.023 m to all 
Elevations to relate to Project 
Control

DRAFT

Classification: Public



JOB NO.: SURVEY DATE: PAGE: OF

CLIENT : PREPARED BY:

L.S: TOWNSHIP: RANGE: W. M.SECTION:

Toll Free: 1-800-465-6233
www.geoverra.com

6

7

18

19

30

31

5

8

17

20

29

32

4

9

16

21

28

33

3

10

15

22

27

34

2

11

14

23

26

35

1

12

13

24

25

36

4

5

12

13

3

6

11

14

2

7

10

15

1

8

9

16

ab

c d

N.W. N.E.

S.E.S.W.

2

31

NorthSouth

Pillar Top

Chainage 0

Pillar 1

Ch 76.44m

Pillar 2

Ch 114.47m

Chainage 152.97

Elv Bottom Mid

983.87m

Pillars have 
pointed front/
back

Elv Bottom

983.89m

Elv Bottom

983.91m

Elv Top

987.96m

Elv Top

987.95m

Elv Top

987.98m

Note pillars are tapered so the 

length and width vary top to bottom

Length 

6.78m

Width

1.75m

Note lots of trees in the area, difficult to get shots through them.

222062 Oct 18, 2020 8 9

AEP Ryder Kiehl

Rail Bridge on West end of project width 3.66m


Note Add 0.023 m to all Elevation 
to Related to All project Control

DRAFT

Classification: Public



JOB NO.: SURVEY DATE: PAGE: OF

CLIENT : PREPARED BY:

L.S: TOWNSHIP: RANGE: W. M.SECTION:

Toll Free: 1-800-465-6233
www.geoverra.com

6

7

18

19

30

31

5

8

17

20

29

32

4

9

16

21

28

33

3

10

15

22

27

34

2

11

14

23

26

35

1

12

13

24

25

36

4

5

12

13

3

6

11

14

2

7

10

15

1

8

9

16

ab

c d

N.W. N.E.

S.E.S.W.

2

31

NorthSouth

Pillar Top

Chainage 0

Pillar 1

Ch 16.94m

Pillar 2

Ch 47.62m

Chainage 89.16

Elv Bottom Mid

965.16m

Pillars have 
pointed front/
back

Elv Bottom

965.89m

Elv Top

966.51m

Elv Top

966.80m

Elv Top

966.96m

Note pillars are tapered so the 

length and width vary top to bottom

Length 

11.33m

Width

1.33m

Pillar 3

Ch 78.34m

Elv Bottom

965.60m

222062 Oct 18, 2020 9 9

AEP Ryder Kiehl

Highway 752 Bridge Width 10.52m
Note Add 0.023 m Elevation to relate 
to Project Control

DRAFT

Classification: Public



BRIDGE INFORMATION SHEET

Note: All elevations to be referenced to geodetic datum. 

A2222062

ATS NE 11-39-8-5 Greg Hebb

152.97

CN Railway 
Crossing

3.66

988.00 983.91

987.97 983.89

987.97 983.93

2

Concrete

Hexagon

See Field Notes Diagram  
File 222062 RK Oct18 2020 - Notes.pdf 
Page 8 of 9

1.75

Wooden 
Deck 

DRAFT

Classification: Public



BRIDGE INFORMATION SHEET

Note: All elevations to be referenced to geodetic datum. 

B3222062

ATS NE 21-39-7-5 Greg Hebb

258.58

CP Railway 
Crossing

3.91

975.75 973.48

976.74 968.34

977.27 974.78

7

Concrete

Hexagon

See Field Notes Diagram  
File 222062 RK Oct18 2020 - Notes.pdf 
Page 7of 9

Varies

Wooden 
Deck 

Abuttment Width

See Field NotesDRAFT

Classification: Public



BRIDGE INFORMATION SHEET

Note: All elevations to be referenced to geodetic datum. 

D11 222062

ATS NE 21-39-7-5 Greg Hebb

170.95

Highway 1A 
Crossing

13.28

963.08 
 
.

959.88

964.19 960.95

964.22 961.04

2

Concrete

Cylinder

See Field Notes Diagram  
File 222062 RK Oct18 2020 - Notes.pdf 
Page 6 of 9

Varies

Top of 
Curb 

See Field NotesDRAFT

Classification: Public



BRIDGE INFORMATION SHEET

Note: All elevations to be referenced to geodetic datum. 

D11 222062

ATS NE 9-39-7-5 Greg Hebb

89.16

Seconfary Road 
Crossing

10.52

966.98 965.91

966.82 965.18

966.53 965.62

3

Concrete

Hexagon

See Field Notes Diagram  
File 222062 RK Oct18 2020 - Notes.pdf 
Page 9 of 9

1.33

Top of 
Curb 

DRAFT

Classification: Public



CSRS-PPP 3.45.0 (2020-07-08)

01842880.20o
101

Data Start Data End Duration of Observations

2020-10-14 16:26:50.00 2020-10-14 22:50:50.00 6:24:00

Processing Time Product Type

17:50:16 UTC 2020/11/16 NRCan/IGS Final

Observations Frequency Mode

Phase and Code Double Static

Elevation Cut-Off Rejected Epochs Fixed Ambiguities Estimation Steps

7.5 degrees 0.00 % 90.11 % 10.00 sec

Antenna Model APC to ARP ARP to Marker

TRMR10 NONE L1 = 0.128 m L2 = 0.120 m H:1.660m / E:0.000m / N:0.000m

(APC = antenna phase center; ARP = antenna reference point)

Estimated Position for 01842880.20o

Latitude (+n) Longitude (+e) Ell. Height

NAD83(CSRS) (2002.0)† 52° 22' 14.74365" -114° 57' 39.84453" 949.727 m

SIG_PPP(95%)‡ 0.004 m 0.003 m 0.013 m

SIG_TOT(95%)‡ 0.037 m 0.026 m 0.028 m

A priori* 52° 22' 14.74586" -114° 57' 39.90515" 949.159 m

Estimated − A priori -0.068 m 1.147 m 0.568 m

Orthometric Height
CGVD28 (HTv2.0)†

95% PPP Error Ellipse (mm)
semi-major: 5 mm

semi-minor: 4 mm

semi-major azimuth:  -3° 38' 18.85"

95% TOT Error Ellipse (mm)
semi-major: 46 mm

semi-minor: 33 mm

semi-major azimuth:  -2° 44' 19.64"

UTM (North)
Zone 11

966.015 m

(click for height reference
information)

5804233.124 m (N)
638807.030 m (E)

Scale Factors
0.99983651 (point)

0.99968778 (combined)

*(Coordinates from RINEX header used as a priori position)

†(Epoch transformation using velocity grid NAD83v70VG (click for documentation))

‡SIG_PPP indicates PPP-derived uncertainties, SIG_TOT incorporates uncertainties from epoch transformation

1
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Classification: Public



2
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https://www.nrcan.gc.ca/height-reference-system-modernization/9054
https://www.nrcan.gc.ca/height-reference-system-modernization/9054
https://webapp.geod.nrcan.gc.ca/geod/tools-outils/nad83-docs.php?locale=en
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~~~ Disclaimer ~~~
Natural Resources Canada does not assume any liability deemed to have been caused directly or indirectly

by any content of its CSRS-PPP online positioning service.

If you have any questions, please feel free to contact:
Geodetic Integrated Services
Canadian Geodetic Survey
Surveyor General Branch
Natural Resources Canada

Government of Canada
588 Booth Street, Room 334
Ottawa, Ontario K1A 0Y7

Phone: 343-292-6617
Email: nrcan.geodeticinformation-informationgeodesique.rncan@canada.ca

7
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~~~ Disclaimer ~~~
Natural Resources Canada does not assume any liability deemed to have been caused directly or indirectly

by any content of its CSRS-PPP online positioning service.

If you have any questions, please feel free to contact:
Geodetic Integrated Services
Canadian Geodetic Survey
Surveyor General Branch
Natural Resources Canada

Government of Canada
588 Booth Street, Room 334
Ottawa, Ontario K1A 0Y7

Phone: 343-292-6617
Email: nrcan.geodeticinformation-informationgeodesique.rncan@canada.ca

7
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mailto:nrcan.geodeticinformation-informationgeodesique.rncan@canada.ca?subject=CSRS-PPP question


APPENDIX A2  
Survey Control and Ground Survey Equipment 

Specifications 
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Version 1.0 
March 31, 2021 Matrix 31781-531 

Mr. Kurt Morrison, M.Eng., P.Eng., CFM 
ALBERTA ENVIRONMENT AND PARKS 
Floor 11, Oxbridge Place 
9820 - 106 St. NW 
Edmonton, AB  T5K 2J6 

Subject: Rocky Mountain House Flood Hazard Study, Hydrologic Assessment 

Dear Mr. Morrison: 

1 INTRODUCTION 
Matrix Solutions Inc. was retained by Alberta Environment and Parks (AEP) to assess and identify flood 
hazards along the North Saskatchewan River (NSR) and the Clearwater River through the Town of Rocky 
Mountain House and Clearwater County. These assessments are part of the continuing flood hazard 
mapping efforts of the Government of Alberta to identify, map, and document flood hazard areas in 
communities throughout Alberta. No similar study for this area was completed in the past. The purpose 
of the current study is to assess and identify flood hazards along a 13.4 km reach of the North 
Saskatchewan River and a 4.7 km reach of the Clearwater River near Rocky Mountain House, Alberta, in 
Clearwater County. Figure 1 shows the study area boundary.  

The flood frequency estimates for the 2-, 5-, 10-, 20-, 35-, 50-, 75-, 100-, 200-, 350-, 500-, 750-, and 
1,000-year open water floods with confidence intervals are required at key locations along the NSR and 
the Clearwater River within the study area. The key locations include: 

• at the upstream study area boundary 

• at the gauging station located on the NSR near Rocky Mountain House (05DC001) 

• at the confluence location of the Clearwater River and the North Saskatchewan River 

• at the upstream boundary of the Clearwater River study reach 

• any other locations where significant peak inflows entered the Clearwater River and the North 
Saskatchewan River 

This hydrology report has been prepared to support the flood hazard study by providing 2- to 1,000-year 
flood estimates. Hydrologic analysis conducted herein has been guided by the Flood Hazard Identification 
Program Guidelines (AENV 2011), the Rocky Mountain House Hazard Study Terms of Reference (AEP 2020), 
and the Guidelines for Determining Flood Flow Frequency, Bulletins 17B and 17C (USGS 1982, 2018). 
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The estimated flood frequencies will be used as model input data for hydraulic modelling and flood 
inundation mapping. A detailed description of the flood frequency analysis methodology and the flood 
frequency estimates are provided herein.  

2 PROJECT SETTING 
Figure 2 depicts the NSR and Clearwater River Basins with locations of some key gauging stations. The NSR 
begins in the ice fields of Banff and Jasper National Parks and generally flows east toward the Alberta-
Saskatchewan boundary. The total area of the NSR Basin from its headwaters in the glaciers of Jasper and 
Banff National Parks on the eastern slopes of the Rocky Mountains to the prairie landscape along the 
Alberta-Saskatchewan boundary is about 57,000 km2. Within Alberta, the Brazeau, Nordegg, Ram, 
Clearwater, Sturgeon and Vermilion rivers are the major tributaries to the North Saskatchewan River. 
Flows in the North Saskatchewan River are regulated at two locations: the Brazeau Dam on the Brazeau 
River since 1961 and the Bighorn Dam on the North Saskatchewan River since 1972. These are 
hydroelectric facilities operated by TransAlta. The operations of the dam increase winter flows and reduce 
maximum discharges during summer months. Flows on the NSR in the Rocky Mountain House area is 
affected only by the operation of the Bighorn Dam. The drainage area of the NSR near Rocky Mountain 
House is 11,000 km2 and located approximately 128 km downstream of the Lake Abraham (reservoir) 
created by the Bighorn Dam. The flows in this stretch of the river are not natural since 1972 and need to 
be naturalized for flood frequency estimates since the flood frequency estimates methodology generally 
requires naturalized flows. 

The Clearwater River is a tributary of the NSR, and its confluence is located upstream of the Town of Rocky 
Mountain House. Most of the Clearwater River watershed is located within Clearwater County and it 
covers part of the Rocky Mountains and the Foothills extending to the Banff National Park. The drainage 
area of the Clearwater River at its confluence with the NSR is approximately 3,220 km2. 

The Town of Rocky Mountain House and Clearwater County are located within the study reach and have 
several stormwater outfalls that discharge to the NSR. As a result, summer storm events may result in 
temporarily relatively high contribution to total flow in the NSR; however, since flooding in the NSR is 
generally governed by snowmelt runoff events, the likelihood of these events occurring simultaneously is 
very low and thus the contribution of stormwater outfalls was not investigated further for this study.  

3 AVAILABLE STREAMFLOW RECORDS 
Recorded historical streamflow data is required to derive flood frequency estimates associated with 
various return periods. In addition, recorded water levels of a reservoir are required to generate 
naturalized flows along a river affected by upstream dam operation. A select number of these stations, 
which have data as early as 1913, are considered key hydrometric stations for the open water hydrology 
assessment and are provided in Table A and presented on Figure 2. 
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TABLE A Key Hydrometric Stations 

Station Name and ID Gross Drainage Area 
(km2) Data Period 

Lake Abraham near Nordegg (05DC009) 3,890 1972-2012 

North Saskatchewan River below Bighorn Plant (05DC010)  3,890 1972-2019 

North Saskatchewan River near Saunders (05DC002) 5,160 1915-1923; 1952-1978 

North Saskatchewan River near Rocky Mountain House 
(05DC001) 

11,000 1913-1930; 1944- 2020 

Ram River near the mouth (05DC006) 1,860 1967-2019 

Clearwater River near Rocky Mountain House (05DB001) 3,220 1914 – 1931; 1944 – 1975 

Clearwater River near Dovercourt (05DB006) 2,250 1975-2020 

Clearwater River above Limestone Creek (05DB003) 1,340 1959-1992 

Prairie Creek near Rocky Mountain House (05DB002) 844 1922-1925; 1951-2020 

Recorded streamflow data at the WSC stations are available at the WSC database up to 2018. No data is 
available for the year 2017. Preliminary data at WSC stations at various locations along the Clearwater 
River for 2017 and 2019 to 2020 and on the NSR for the 2017 and 2019 were obtained from AEP for this 
study and are subject to change. 

In 1975, the WSC station on the Clearwater River near Rocky Mountain House (05DB001) was moved 
upstream to a location on the Clearwater River near Dovercourt (05DB006). Prairie Creek enters the 
Clearwater River between these two WSC stations. The drainage area (844 km2) of the Prairie Creek near 
Rocky Mountain House (05DB002) plus drainage area (2,250 km2) of the Clearwater River basin above 
05DB006 accounts for 95% of the drainage area of the Clearwater River above 05DB001 (3,220 km2). 
As a result, recorded flows covering a period from 1976 to 2019 at both locations were amalgamated at 
the downstream WSC station (05DB001) to generate a set of streamflow data at this location. 
The complete streamflow data set (recorded up to 1975 and computed for the period from 1976 to 2019) 
was used in flow frequency analysis to estimate flood frequencies associated with various return periods 
at the WSC station on the Clearwater River near Rocky Mountain House (05DB001). 

Reported data for 2017, 2019 and 2020 at the Prairie Creek and Clearwater River gauging stations are 
preliminary and may be subject to change. The largest recorded flood event in the Clearwater River 
upstream of Prairie Creek occurred in 2005 with a magnitude of 938 m3/s (WSC 05DB006) and a 
magnitude of 1,256 m3/s in the Clearwater River downstream of Prairie Creek in 1915 (WSC 05DB001).  

The largest flood event in the NSR near Rocky Mountain House was in 1914 with a magnitude of 
4,110 m3/s. 
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4 HYDROLOGIC ANALYSIS 
The hydrologic analysis was undertaken to recommend 2- to 1,000-year return period instantaneous flood 
estimates for the North Saskatchewan River and Clearwater River to be used for subsequent hydraulic 
modelling and flood inundation mapping. The recorded/estimated flow data on the Clearwater River were 
considered as natural flows as no man-made structure that can affect the flows is located on this river. 
The recorded/estimated flow data on the NSR near Rocky Mountain House prior to 1972 were considered 
natural. The Bighorn Dam commenced its operation in August 1972 and the recorded flow data since 
September 1972 needed to be naturalized by removing the effect of operation of the dam from the 
recorded flows downstream. Appendix A provides a detailed methodology of determining the naturalized 
daily flow data covering the period from September 1972 to December 2019. 

4.1 Data Series Preparation 
The recorded streamflow data at various locations along the NSR and Clearwater River was used to carry 
out flood frequency estimates. The annual maximum instantaneous discharge data series is required for 
such an analysis. However, annual maximum instantaneous discharge data covering the period of record 
are not always available and data for the missing periods are estimated based on a relationship between 
the annual maximum daily discharge and maximum instantaneous discharge data for the coincident flood 
events. The generation of maximum instantaneous discharge data series for the Clearwater and the NSR 
is described herein. 

4.1.1 Clearwater River near Rocky Mountain House (05DC001) 

The historical recorded streamflow on the Clearwater River near Rocky Mountain (05DB001) is available 
from 1914 to 1975 with missing periods 1932 to 1943. In 1975, the gauge was moved upstream to a 
location on the Clearwater River near Dovercourt (05DB006). Prairie Creek enters the Clearwater River 
between these two gauging sites. Flows on Prairie Creek have been recorded from 1922 to 2020 with 
missing periods from 1926 to 1950 at the WSC station, Prairie Creek near Rocky Mountain House 
(05DB002). As such, the recorded flow data at the Clearwater River near Dovercourt (05DB006) and on 
Prairie Creek near Rocky Mountain House (05DB002) were used to extend the streamflow data at the 
Clearwater River near Rocky Mountain House gauging station (05DB001). The gauging stations were 
chosen to extend the data series at the WSC station (05DB001) due to the availability of data and the 
proximity of the gauging stations. Recorded annual maximum daily discharges and maximum 
instantaneous discharges for the three gauging stations are provided in Appendix B (Tables B1 and B2). 
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In order to extend the flow data series at the WSC station, Clearwater River near Rocky Mountain House 
(05DB001), the following relationship was used. 

Q05DB001 = {Q05DB006+Q05DB002} * {DA05DB001 / (DA05DB006 + DA05DB002)} 

where: Q05DB001 = daily discharge at Clearwater River near Rocky Mountain House (m3/s) 
 Q05DB006 = daily discharge at Clearwater River near Dovercourt (m3/s) 
 Q05DB002 = daily discharge at Prairie Creek near Rocky Mountain House (m3/s) 
 DA05DB001 = drainage area at Clearwater River near Rocky Mountain House (km2) 
 DA05DB006 = drainage area at Clearwater River near Dovercourt (km2) 

       DA05DB002 = drainage area at Prairie Creek near Rocky Mountain House (km2) 

Once the daily data set series was extended at the WSC station, Clearwater River near Rocky Mountain 
House (05DB001) for the period of record of 1976 to 2020, the annual maximum daily discharge data was 
extracted from the data set series. The annual maximum instantaneous discharge record is needed for 
the flood frequency analysis to derive the flood frequencies with various return periods. However, the 
maximum instantaneous discharge record is often incomplete and will need to be derived from available 
data in some years. For those years where maximum instantaneous discharge data at the Clearwater River 
near Rocky Mountain House station (WSC 05DB001) is missing, estimates were derived based on a linear 
correlation between the available recorded coincident maximum instantaneous discharges and the 
maximum daily discharges at the Clearwater River near Rocky Mountain House gauging station (05DB001). 
A total of 29 data points was used in deriving the relationship between the maximum instantaneous 
discharges and maximum daily discharges. As shown on Graph A, the following relationship was derived 
to extend the maximum instantaneous discharge data series for the Clearwater River near Rocky 
Mountain House (05DB001): 

 Q05DB001_I = 1.1157Q05DB001_M 

where: Q05DB001_I = maximum instantaneous discharge at Clearwater River near Rocky Mountain 
House (m3/s) 

 Q05DB001_M = maximum daily discharge at Clearwater River near Rocky Mountain House (m3/s) 
 R2 = index of determination, 0.9728 for this relationship 
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GRAPH A Relationship between Annual Maximum Daily Discharges and Maximum Instantaneous 
Discharges at Clearwater River near Rocky Mountain House (05DB001) 

Table B2 (Appendix B) presents the extended annual maximum instantaneous discharge data series 
containing 94 data points adopted for flood frequency analysis. The extended annual maximum 
instantaneous discharge data series contains flows ranging from 45.3 m3/s to 1,238 m3/s. Figure B1 
(Appendix B) shows the annual maximum daily discharges and annual maximum instantaneous discharges 
hydrographs. Table B summarizes the statistical parameters of the complete maximum instantaneous 
discharge data set. 

TABLE B Summaries of Statistical Parameters of Maximum Instantaneous Discharge of the 
Clearwater River near Rocky Mountain House (05DB001) 

Parameters Normal Data Series  Log-transformed Data 
 Years of Record 94 94 

Mean (m3/s) 194.4 2.17 
Maximum Discharge (m3/s) 1,238 3.093 
Minimum Discharge (m3/s) 45.3 1.656 
Standard Deviation (m3/s) 185 0.303 
Coefficient of Variation 0.95 0.14 
Coefficient of Skewness (minimum, maximum, actual) 

   

1.9, 2.48, 3.39 0.28, 1.18, 0.57 

Extreme high and low events were evaluated to determine whether they should be considered as outliers. 
Standard outlier analysis was conducted following the Bulletin 17B detection procedure (McCuen 2004). 
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This analysis (Table C) confirmed that the extreme low observations belong to the same population as the 
remainder of the data series. The extreme high observation was slightly above the Detection Criteria 
(Yh >Yoh), resulting in an outlier. The largest instantaneous discharge (1,238 m3/s) was marginally higher 
than the threshold flow of 1,176 m3/s and was determined to be an outlier; however, based on a review 
of the flood recorded in nearby WSC stations, it was identified that an extreme flood actually happened 
and was included in the flow frequency analysis.   

TABLE C Outlier Analysis for Clearwater River near Rocky Mountain House 

Peak Event Record 
Length 

Outlier 
Test 

Deviates 
(Ko)1 

Logarithm 
of Flow 

(Yh) 

Mean of 
Logarithm 

Transformed 
Flow Data 

Standard 
Deviation of 
Logarithm 

Transformed 
Flow Data 

Detection 
Criteria 

(Yoh) 

Outlier 
(Yes/No) 

1915 
(extreme high) 

94 2.996 
3.093 

2.170 0.303 
3.070 May be 

an outlier 
1975 

(extreme low) 1.656 1.270 No 

1 (McCuen 2004) 

4.1.2 North Saskatchewan River near Rocky Mountain House (05DC001) 

The derived naturalized daily flows data series, as described in Appendix A, was used to compute the 
naturalized annual maximum daily discharges for the period from September 1972 to December 2019. 
The annual maximum daily discharges at the NSR near Rocky Mountain House (05DC001) for the period 
from 1972 to 2019 were combined with the recorded annual maximum daily natural discharges covering 
the period from 1914 to 1972. This was done to generate an extended annual naturalized maximum daily 
discharges at the WSC station near Rocky Mountain House (05DC001) covering a period from 1914 to 
2019 with a missing period from 1931 to 1943 and 1945 to 1951, since no recorded flow data is available 
for this period. This complete annual naturalized maximum daily discharges can be used to determine the 
annual maximum instantaneous discharges (for missing years during pre-regulation and all years during 
post-regulation) using a relationship between the maximum instantaneous discharges and maximum daily 
discharges during the pre-regulation period (1914 to summer of 1972) under the assumption that the 
same relationship exists during pre-regulation (natural) and post-regulation periods (naturalized flow 
conditions). The annual maximum instantaneous discharges covering the period from 1914 to 2019 can 
then be used for flood frequency estimates. 

The annual maximum instantaneous discharge record is needed for the flood frequency analysis to derive 
the flood frequencies for various return periods. However, the annual maximum instantaneous discharge 
record is often incomplete and needs to be derived from available data in some years. For those years 
where maximum instantaneous discharge data at the NSR near Rocky Mountain House station (05DC001) 
is missing, estimates were derived based on a linear correlation between the available recorded 
coincident maximum instantaneous discharge and the maximum daily discharge at the gauging station. 
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A total of 18 data points for the pre-regulation period was used in deriving the relationship between the 
maximum instantaneous discharges and maximum daily discharges. As shown on Graph B, the following 
relationship was used in estimating the naturalized maximum instantaneous discharge data series and the 
missing gauged data prior to 1972 at the North Saskatchewan River near Rocky Mountain House 
(05DC001): 

 Q05DC001_I = 1.1293Q05DC001_M
 

where: Q05DC001_I = maximum instantaneous discharge at North Saskatchewan River near Rocky 
Mountain House (m3/s) 

 Q05DC001_M = maximum daily discharge at North Saskatchewan River near Rocky Mountain 
House (m3/s) 

 R2 = index of determination, 0.9852 for this relationship 

 

GRAPH B Relationship between Annual Maximum Daily Discharge and Annual Maximum 
Instantaneous Discharge at North Saskatchewan River near Rocky Mountain House 
(05DC001) for the Pre-Regulation Period 

Tables C1 and C2 (Appendix C) present the extended annual maximum instantaneous discharge data 
series containing 86 data points adopted for flood frequency analysis. The extended maximum 
instantaneous discharge data series contains flows ranging from 358 m3/s to 4,100 m3/s. Figure C1 
(Appendix C) shows the annual maximum daily discharges and annual instantaneous discharges 
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hydrographs. Table D summarizes the statistical parameters of the complete maximum instantaneous 
discharge data set. 

TABLE D Summaries of Statistical Parameters of Naturalized Maximum Instantaneous Discharge of 
the North Saskatchewan River near Rocky Mountain House (05DC001)  

Parameters Normal Data Series  Log-transformed Data Series 
Years of Record 86 86 
Mean (m3/s) 832.6 2.87 
Maximum Discharge (m3/s) 4,100 3.61 
Minimum Discharge (m3/s) 358 2.55 
Standard Deviation (m3/s) 541 0.197 
Coefficient of Variation 0.65 0.07 
Coefficient of Skewness (minimum, maximum, actual) 1.3, 2.28, 3.39 0.14, 1.26, 1.168 

Extreme high and low events were evaluated to determine whether they should be considered outliers. 
Standard outlier analysis was conducted following the Bulletin 17B detection procedure (McCuen 2004). 
This analysis (Table E) confirmed that the extreme low observations belong to the same population as the 
remainder of the data series.  

TABLE E Outlier Analysis of Naturalized Maximum Instantaneous Discharge of the North 
Saskatchewan River near Rocky Mountain House (05DC001)  

Peak Event Record 
Length 

Outlier 
Test 

Deviates 
(Ko)1 

Logarith
m of 

Flow (Yh) 

Mean of 
Logarithm 

Transformed 
Flow Data 

Standard 
Deviation of 
Logarithm 

Transformed 
Flow Data 

Detection 
Criteria 

(Yoh) 

Outlier 
(Yes/No) 

1915 
(extreme high) 

86 2.966 
3.614 

2.867 0.197 
3.453 May be 

an outlier 
2009 

(extreme low) 2.554 2.281 No 

1 (McCuen 2004) 

The extreme high observation was slightly above the Detection Criteria (Yh > Yoh), resulting in an outlier. 
The largest instantaneous discharge (4,100 m3/s) was higher than the threshold flow of 2,840 m3/s and 
was determined to be an outlier; however, based on a review of the flood recorded in nearby WSC 
stations, it was identified that an extreme flood happened and was included in the flow frequency analysis. 

5 FLOW FREQUENCY ANALYSIS 
Standard statistical analysis of the generated annual maximum instantaneous discharges for the WSC 
station, the Clearwater River near Rocky Mountain House (05DC001) and the generated maximum 
instantaneous discharges for the WSC station, NSR near Rocky Mountain House (05DC001) were 
completed as a part of the flow frequency analysis. Different theoretical probability distributions to the 
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observed data sets were tested for their suitability for the subject data set, and the most suitable 
theoretical distribution for each data set was selected based on comparing visual goodness of fit curves 
against the observed data and comparing results of statistical goodness of fit tests. The goodness of fit of 
each distribution, as applied to a flood series, was compared through the Kolmogorov-Smirnov (K-S) test, 
Anderson-Darling Test, and Least Squares Method.  

Various 2 parameter and 3 parameter theoretical probability distributions were tested. These 
distributions include: Normal, log Normal, 3-parameter log Normal, Pearson Type III, log Pearson Type III, 
Extreme Value 1 (EV1), Exponential, Weibull, Gamma and Gumbel extreme value distributions. 
Hydrological Frequency Analysis (Hyfran) Plus Version 1.2 software and the Microsoft Excel based tool 
created for City of Calgary Frequency Analysis (AMEC 2014) were used to compute flood frequency 
estimates and to perform goodness of fit testing. Best fitting curve methods considered include method 
of moments and method of maximum likelihood. The Cunnane positioning formula was used to plot data 
points for visualization purposes. 

The flood frequency analysis completed as part of this study followed the Guidelines for Determining Flood 
Frequency, Bulletin 17B (USGS 1982) and Bulletin 17C (USGS 2018). The guidelines provide a procedure 
for computing flood flow frequency including accounting for historic flood information, zero flows, low 
and high outliers, and methods to estimate population parameters. Log-Pearson type III is recommended 
as the basic distribution for defining the annual floods series and recommended use of a weighted average 
of the station skew and a regional skew.  

The guidelines in Bulletin 17C improve on Bulletin 17B by addressing major limitations. Bulletin 17C 
introduces a standardized Multiple Grubbs-Beck test to identify influential low flood outliers. A new 
recommended method for estimating regional skew is introduced in Bulletin 17C using the Bayesian 
Weighted Least Squares/Bayesian Generalized Least Squares method, which supersedes the regional 
skew coefficient map in Bulletin 17B. And it uses the new Expected Moments Algorithm (EMA) to extend 
the method of moments so that it can better handle lower outlier adjustments, regional skew information, 
and historical information. Regional skew estimates were developed to address the complexities of the 
EMA but are not available in Alberta. Therefore, only the station skewness and theoretical limits were 
used in this study. 

In the absence of regional skew coefficients, flood frequency estimates following 17B guidelines are 
identical to those from the regular log Pearson Type III distribution based on the method of moments. 

5.1 Flood Frequency Estimates for Clearwater River  
Figures B2 and B3 (Appendix B) illustrate the fitted distributions to the maximum instantaneous discharge 
data and show the summary of statistical goodness of fit test results. The overall rank of the log Pearson 
Type III distribution is 1 out of 10 distributions. A visual inspection of various frequency distributions to 
the flow data and goodness of fit also indicates that the log Pearson Type III distribution has the most 
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representative fit to the recorded data. Therefore, the log Pearson Type III distribution has been selected 
to represent the flood frequencies for the Clearwater River near Rocky Mountain House (05DB001).  

Table F presents the complete set of flood frequency estimates recommended for adoption for the flood 
risk mapping study within the Clearwater River study reach; Graph C presents the flood frequency curve 
for the log Pearson Type III distribution with 95% confidence limits. 

TABLE F Flood Frequency Estimates at Clearwater River near Rocky Mountain House (05DB001)  

Return Period 
(years) 

Annual Probability 
of Exceedance 

Flood Discharge1 

(m3/s) 
95% Confidence 

Limits 
2 0.5 139 123 -156 

5 0.2 259 228 – 300 

10 0.1 374 322 – 447 

20 0.05 517 434 – 639 

35 0.029 658 540 - 837 

50 0.02 761 618 – 985 

75 0.013 895 733 – 1,161 

100 0.01 1,000 791 – 1,337 

200 0.005 1,295 999 – 1,788 

350 0.003 1,584 1,243 – 2,186 

500 0.002 1,794 1,341 – 2,584 

750 0.0013 2,065 1,555 – 2,982 

1,000 0.001 2,276 1,661 – 3,380 
1Rounded to nearest whole number.  

 

GRAPH C Flood Frequency Curve for Clearwater River near Rocky Mountain House (05DB001) 
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Given that the preliminary flow data is provisional and may be subject to change, the flood frequency 
analysis was repeated with this data excluded. After rounding to the nearest whole number, the flood 
frequency estimates were not much different due to the absence of large flood events post-2018. 

Given the short modelling reach along the Clearwater River, the recommended flood frequencies in 
Table F will be used along the entire modelling reach. 

5.2 Flood Frequency Estimates for North Saskatchewan River Near Rocky 
Mountain House 

Figures C2 and C3 (Appendix C) illustrate the fitted distributions to the maximum instantaneous discharge 
data and show the summary of statistical goodness of fit test results. Based on the ranking of ten different 
distributions, the log Pearson Type III distribution and the 3-parameter log Normal distribution are both 
equivalently ranked as the most suitable distributions. However, a visual inspection of various frequency 
distributions to the flow data and goodness of fit indicates that the log Pearson Type III distribution has 
the most representative fit to the recorded data. Therefore, the log Pearson Type III distribution has been 
selected to represent the flood frequencies for the NSR near Rocky Mountain House (05DC001).  

Table G presents the complete set of flood frequency estimates at the NSR near Rocky Mountain House 
(05DC001); Graph D presents the flood frequency curve for the log Pearson Type III distribution with 95% 
confidence limits. 

TABLE G Naturalized Flood Frequency Estimates at North Saskatchewan River near Rocky Mountain 
House (05DC001)  

Return Period 
(years) 

Annual Probability of 
Exceedance 

Flood Discharge1 

(m3/s) 95% Confidence Limits  

2 0.5 674 620 – 731 
5 0.2 1,028 943 – 1,133 

10 0.1 1,355 1,222 – 1,532 

20 0.05 1,754 1,549 – 2,041 

35 0.029 2,137 1,814 – 2,491 

50 0.02 2,425 2,079 – 2,940 

75 0.013 2,776 2,326 – 3,391 

100 0.01 3,072 2,573 – 3,842 

200 0.005 3,871 3,166 – 4,994 

350 0.003 4,613 3,652 – 6,005 

500 0.002 5,220 4,138 – 7,016 

750 0.0013 5,890 4,593 – 8,027 

1,000 0.001 6,520 5,047 – 9,037 
1 Rounded to nearest whole number. 
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GRAPH D Naturalized Flood Frequency Curve for North Saskatchewan River near Rocky Mountain 
House (05DC001) 

Given that the preliminary flow data is provisional and may be subject to change, the flood frequency 
analysis was repeated with this data excluded. After rounding to the nearest whole number, the flood 
frequency estimates were not much different due to the absence of large flood events post-2018.  

6 RECOMMENDED FLOOD FREQUENCY ESTIMATES  
The upstream boundary of the study area is located about 8.7 km upstream of the WSC station NSR near 
Rocky Mountain House (05DC001) and the downstream boundary is located 4.7 km from this WSC station. 
The Clearwater River, a major tributary to the NSR, enters the river about 1.7 km upstream of the WSC 
station.  

The WSC station, the Clearwater River near Rocky Mountain House (05DB001) is located about 2.8 km 
upstream of its confluence with the NSR, and the upstream boundary of the study area along the 
Clearwater River is located about 1.9 km upstream of the WSC station.  

Due to the short distance between the upstream boundary and the WSC station on the Clearwater River 
as well as its confluence with the NSR, the flood frequency estimates at the WSC station, Clearwater River 
near Rocky Mountain House (05DB001) can be used at the upstream boundary for hydraulic modelling 
purposes and also at its confluence with the NSR.  

Due to the short distance between the upstream boundary and the WSC station, the flood frequencies at 
the upstream boundary of the study area along the NSR are computed by subtracting the corresponding 
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flood frequencies of the Clearwater River from the flood frequencies of the NSR near Rocky Mountain 
House. This is based on the assumption that the instantaneous maximum discharges in the Clearwater 
River are coincident with those in the NSR. 

Table H presents the complete set of flood frequencies recommended for adoption for the flood risk 
mapping study and will be used in hydraulic modelling. 

TABLE H Flood Frequency Estimates for Hydraulic Modelling 

Return 
Period 
(years) 

Flood Frequency 
Estimates at the 

Upstream Boundary on 
the NSR 

 

Flood Frequency Estimates at 
the Upstream Boundary on 

the Clearwater River 

(m3/s) 

Flood Frequency Estimates on the 
NSR Downstream of the Confluence 

of the Clearwater River 

(m3/s) 
2 535 139 674 
5 769 259 1,028 

10 981 374 1,355 
20 1,237 517 1,754 
35 1,479 658 2,137 
50 1,664 761 2,425 
75 1,881 895 2,776 

100 2,072 1,000 3,072 
200 2,576 1,295 3,871 
350 3,029 1,584 4,613 
500 3,426 1,794 5,220 
750 3,825 2,065 5,890 

1,000 4,244 2,276 6,520 
Note: Naturalized flood frequency estimates in the NSR and natural flood frequency estimates in the Clearwater River. 

6.1 Potential Effects of Climate Change 
This section provides a summary of a qualitative interpretation of climate and hydrologic projections 
obtained from the scientific literature that would be pertinent to evaluating future changes in flood 
hazards in the study area.  

Though occasional summer storms produce large summer flood peaks, flooding on the NSR is largely 
dominated by spring snowmelt. From a climate change perspective, changes to winter and spring 
conditions are most likely to affect the hydrologic response of the NSR and Clearwater River watersheds; 
however, significant uncertainty exists in quantifying the hydrologic response and any potential impact 
on flood magnitude and timing due to the complex nature and inherent uncertainty in projecting climate 
change.  

Several studies have been conducted for assessing the climate change effects on river flows in western 
Canada and findings of some of the available documents are briefly discussed herein. Golder (2008) 
assessed potential changes in the water yield from the NSR basin in Alberta under forecasted future 
climate conditions. Trend analyses across the basin suggested that there was an increasing trend in air 
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temperature but the trends in monthly, seasonal, and annual precipitation data were not statistically 
significant. The study forecasted air temperature, precipitation, and water yield for the 2021-2050 period 
for twelve combinations of Global Climate models (GCMs) and future development scenarios, and the 
results were compared to the conditions that existed for the 1961-1990 baseline period. The study 
indicated that the changes in mean annual precipitation ranged from an 8% decrease to a 19% increase, 
depending on the GCM scenario combination. The predicted changes in annual water yield varied from a 
23% decrease to a 15% increase. 

Poitras et al. (2011) conducted a study on climate change effects and projected changes in average and 
extreme stream flows of ten major rivers in western Canada. They compared the results for the 2041-2070 
period to the conditions that existed for the 1961-1990 baseline period. Mean and annual flows were 
projected to increase in all basins with a 17% increase in the NSR basin. Snowmelt events in the NSR basin 
were predicted to occur earlier and peak discharges were likely to increase by up to 20%. 

Kienzle et al. (2012) conducted a climate change effects study in the Cline River watershed, located in the 
upper NSR basin. The study assessed a range of future climate conditions (2010–2039, 2040–2069, and 
2070–2099) using the historical 1961–1990 period as a baseline condition. Increases in both high and low 
flow magnitudes and frequencies and large increases to winter and spring streamflow were predicted for 
all climate scenarios. Spring runoff and peak streamflow were projected to occur up to 4 weeks earlier 
than in the 1961–1990 baseline period. 

DFO (2013) conducted a climate change effect assessment and indicated that annual temperatures in the 
prairies would increase for all seasons in the range of 0.8 to 5.4°C. Winter temperatures would increase 
more than summer temperatures. Minimum temperatures would increase at a higher rate than maximum 
temperatures. Spring runoff is expected to increase but occur earlier. Annual runoff may decrease. 
A general increase in annual precipitation was projected by 3 to 18%. Projections were more uncertain 
for the Saskatchewan River basin since both an increase and a decrease have been predicted. Higher 
precipitation is expected in winter compared to summer. During the summer months, streamflow in the 
Saskatchewan River basin could decrease by up to 50%. 

Generally, climate change projections for Alberta generally predict an increase in annual temperatures 
and precipitation as well as increased intensity and frequency of extreme events (Alberta WaterPortal 
2018). Though it is difficult to predict how these changes will interact and what impact that may have on 
future floods, potential scenarios have been identified based on these projected trends, as follows: 

• An increase in winter precipitation would increase the snowpack and higher winter temperatures 
would result in increased and earlier snowmelt, thereby producing larger and earlier spring flood 
peaks.  

• Warmer temperatures would increase the probability of extreme rainfall events, which could result 
in more extreme rain or snow events producing larger spring flood peaks (Sauchyn and Kulshreshtha 
2008).  
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These scenarios take a conservative stance by assuming that annual increases in precipitation are 
experienced in the winter or during spring snowmelt and do not consider any increase in evaporation or 
sublimation losses resulting from increased temperatures. Climate science is not well-developed as of yet, 
particularly for infrequent events that cause flooding. Global climate models, and even regional climate 
models, are designed to predict general trends, not event style data (Natural Resources Canada 2019). 
As such, these models are not effective for quantifying future flooding characteristics. Given the 
uncertainty in quantifying the effect of climate change on estimated flood peaks for developing flood 
maps, Natural Resources Canada (2019) suggested several approaches that may be considered in climate 
change adaptation. These include: a) using a safety factor; b) carrying out sensitivity analysis; c) using a 
risk based approach; d) planning for adaptive designs; and e) managing residual risk during infrastructure 
operations (Natural Resources Canada 2019). 

Natural Resources Canada has developed the Federal Flood Mapping Guidelines Series and has recently 
published the document, Case Studies on Climate Change in Floodplain Mapping (Natural Resources 
Canada 2018a). While this document identifies different approaches (including a qualitative approach 
such as adding a freeboard to the design flood level and quantitative approach through the use of a 
hydrologic model) applied in different Canadian jurisdictions, there is currently no standard methodology 
that has been adopted (Natural Resources Canada 2019). Current practices in British Columbia are 
governed by the Association of Professional Engineers and Geoscientists of British Columbia’s Legislated 
Flood Assessments in a Changing Climate in BC (Natural Resources Canada 2018b). This document 
recommends increasing the design flow by up to 20% to account for uncertainties on future conditions. 
The province of Ontario does not prescribe a process to deal with climate change adaptation; Matrix is 
currently working with the Ontario Ministry of Natural Resources and Forestry to provide guidance on the 
inclusion of climate change resiliency in flood hazard assessments. The suggested approach may include 
sensitivity analysis and resiliency testing methods to account for the potential impacts of a changing 
climate.  

7 CONCLUSIONS 
Flood frequency estimates are required for the Rocky Mountain House flood hazard study. A WSC 
hydrometric gauging station, the NSR near Rocky Mountain House (05DC001) is located within the study 
area. However, due to flow regulation by the upstream Bighorn Dam since 1972, recorded flows are not 
in a natural state. As a result, recorded stream data were naturalized by removing the effect of the dam 
by conducting a water balance analysis and by routing flows through the NSR up to the WSC station 
location within the study area. The extended annual maximum instantaneous discharges covering a period 
of 1914 to 2019 consisting of 86 data points at the NSR near Rocky Mountain House (05DC001) were used 
for flow frequency analysis.  

The recorded flows on the Clearwater River and Prairie Creek were considered as natural since no major 
structures are located on these watercourses. The extended annual maximum instantaneous discharges 
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covering a period of 1914 to 2020 consisting of 94 data points at the Clearwater River near Rocky 
Mountain House (05DB001) were used for flow frequency analysis. 

Following standard flow frequency analysis procedures, different theoretical probability distributions to 
the observed data sets were tested for their suitability for the subject data set. The most suitable 
theoretical distribution for each data set was selected based on comparing visual goodness of fit curves 
against the observed data and comparing results of statistical goodness of fit tests. It was concluded that 
log Pearson Type III distribution represents the annual maximum instantaneous discharges for both 
locations, the Clearwater River near Rocky Mountain House (05DB001) and the NSR near Rocky Mountain 
House (05DC001). 

Due to the short distance between the upstream boundary and the WSC station on the Clearwater River 
as well as its confluence with the NSR, the flood frequency estimates at the WSC station, Clearwater River 
near Rocky Mountain House (05DB001) can be used at the upstream boundary of the Clearwater River for 
hydraulic modelling purposes.  

Due to the short distance between the upstream boundary and the WSC station (05DC001) on the NSR, 
the flood frequencies at the upstream boundary of the study area along the NSR are computed by 
subtracting the corresponding flood frequencies of the Clearwater River (05DB001) from the flood 
frequencies of the NSR near Rocky Mountain House (05DC001) and can be used at the upstream boundary 
for hydraulic modelling. The flood frequency estimates at the WSC station (05DC001) can be considered 
as representative of the flood frequencies of the NSR just downstream of its confluence with the 
Clearwater River for hydraulic modelling purposes. 

The flood frequency estimates reflect the most current data and methodologies available. Given the 
relatively short data record (in the range of 100 years of data), uncertainty exists for estimating flood 
frequencies with return periods greater than 200 years. The flood frequency estimates should be updated 
as more flood data become available. 
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8 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, 

MATRIX SOLUTIONS INC. Reviewed by 
 
 
 
 
 
 
 
 
Manas Shome, Ph.D., P.Eng.  Brandyn Coates, M.Eng., P.Eng. 
Principal Water Resources Engineer Water Resources Engineer 

EJ/cl 
Attachments 
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DISCLAIMER 

Matrix Solutions Inc. certifies that this report is accurate and complete and accords with the information available during the project. 
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exercised reasonable skill, care, and diligence in assessing the information obtained during the preparation of this report. 

This report was prepared for Alberta Environment and Parks. The report may not be relied upon by any other person or entity without the 
written consent of Matrix Solutions Inc. and of Alberta Environment and Parks. Any uses of this report by a third party, or any reliance on 
decisions made based on it, are the responsibility of that party. Matrix Solutions Inc. is not responsible for damages or injuries incurred by any 
third party, as a result of decisions made or actions taken based on this report. 
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Version 1.0 
March 31, 2021 Matrix 31781-531 

Mr. Kurt Morrison, M.Eng., P.Eng., CFM 
ALBERTA ENVIRONMENT AND PARKS 
Floor 11, Oxbridge Place 
9820 – 106 St. NW 
Edmonton, AB  T5K 2J6 

Subject: Rocky Mountain House Flood Hazard Study, Naturalization of Flows of the North 
Saskatchewan River near Rocky Mountain House 

Dear Mr. Morrison: 

1 INTRODUCTION 
Matrix Solutions Inc. was retained by Alberta Environment and Parks (AEP) to assess and identify flood 
hazards along the North Saskatchewan River (NSR) and the Clearwater River through the Town of Rocky 
Mountain House and Clearwater County. These assessments are part of the continuing flood hazard 
mapping efforts of the Government of Alberta to identify, map, and document flood hazard areas in 
communities throughout Alberta. The purpose of the current study is to assess and identify flood hazards 
along a 13.4 km reach of the NSR and a 4.7 km reach of the Clearwater River near Rocky Mountain House 
in Clearwater County, Alberta. Flows on the NSR in the Rocky Mountain House area are affected by the 
operation of the Bighorn Dam since August 1972 and need to be naturalized for flood frequency estimates. 
Flows on the NSR before the operation of the dam (before August 1972) and recorded flows in all the 
tributaries have been assumed to be natural (unregulated) for this study. The drainage area of the NSR 
near Rocky Mountain House is 11,000 km2 and located approximately 128 km downstream of the Bighorn 
Dam. 

Matrix Solutions retained subconsulting services of Optimal Solutions Ltd. to assist in deriving naturalized 
flow data series on the NSR near the Rocky Mountain House gauging station location (05DC001) located 
within the study area. This report provides information on methodology, assumptions, and various types 
of data used in developing the daily naturalized discharge data series covering the period from September 
1972 to December 2019.  

1.1 Overview of the Bighorn Project 
Flow regulation at the Bighorn Dam site on the NSR commenced in August 1972 and created Lake 
Abraham with a surface area of 50 km2, the largest man-made lake in Alberta. The lake elevation level 
varies between 1,283.0 m and 1,321.5 m based on the Water Survey of Canada (WSC) gauging station, 
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Lake Abraham near Nordegg (05DC009) daily recorded data. The lake level is controlled by varying the 
discharge through the power plant to the NSR. Outflows from this lake are reported at the WSC Station 
NSR below Bighorn Power Plant (05DC010). Flow regulation at the Bighorn Dam is typically dependent on 
reservoir inflows, water demand for power generation, and dam safety. TransAlta has established general 
operating plans for normal operations and flood action plans. However, actual operations often deviate 
from the plans partially due to uncertainties of inflow forecasting and monitoring and variability of water 
demand for power generation. 

2 FLOW NATURALIZATION 
The process of naturalizing historical flow records involves undoing the anthropogenic effects, such as 
storage and evaporative losses due to flow regulation by a dam and water consumptive uses due to flow 
diversion. This process will recreate the naturalized flow data series that would have occurred in the 
absence of such man-made activities. This is achieved by reversing the effects of storage change and flow 
diversions from the stream by starting from the most upstream control points and by moving reach by 
reach in a downstream progression. The River Basin Assessment Tools (RBAT), a computer program 
developed for Environment Canada/Prairie Provinces Water Board (PPWB; 2012) has been utilized in this 
study. The RBAT model has been used on similar studies for AEP in the past, which involved naturalization 
of flows on the Bow, Red Deer and Peace rivers. The RBAT model applies the Streamflow Synthesis and 
Reservoir Simulation (SSARR) hydrologic routing technique to route the calculated upstream naturalized 
flows to the downstream locations, where those are summed up with the estimates of local runoff. 
The routing equations are also applied on the recorded flows in order to calculate more accurately the 
local runoff between two adjacent control points.   

The use of SSARR routing technique requires a relationship between discharges and travel time along 
various reaches between Bighorn Dam and the Rocky Mountain House WSC location. The RBAT model 
uses the Project Depletion Method to naturalize flows in any river basin and the general approach 
incorporated in the RBAT model is described below. 

2.1 Project Depletion Method 
Natural flows are river flows that would have been observed at selected locations in a river basin assuming 
there had been no human intervention by operation of large storage reservoirs or withdrawals. The most 
common approach to estimate natural flows is the Project Depletion Method, which is essentially aimed 
at ‘undoing’ the impacts of human intervention in a systematic way, reach by reach, in a downstream 
progression. The following section explains the calculation procedure on a small example shown on 
Figure A that has most of the elements found in complex river basins.  
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FIGURE A Sample Schematic for Calculation of Naturalized Flows 

There are two river reaches with a reservoir R1 at their confluence. In this example, the naturalized flow 
is calculated at the reservoir site. There is one diversion (D1) and one return flow (RT1) into the reservoir, 
one diversion channel out of the reservoir (D2), and regulated outflow (QC3) from the reservoir into natural 
channel reach C3. The general approach to calculate naturalized flows at any location is to estimate local 
runoff that originates between the given location and the closest upstream locations at which natural 
flows had already been evaluated.  

Denoting the naturalized flow at reservoir as QR1 and the local runoff between natural flows Q1, Q2, and 
the reservoir as LR, the naturalized flow at the reservoir site can then be calculated as: 

QR1 = Q1 + Q2 + LR          (1) 

Consequently, the principal component of estimating naturalized flows is determination of the local 
runoff LR. Assuming Qr1 and Qr2 are the recorded flows at locations 1 and 2, LR for the reservoir in 
Figure A can be calculated using the following equation assuming average flow over time step t: 

LR = QC3 + QD2 – QRT1 – QD1 + ∆V/t – Qr1 – Qr2       (2) 

where: 
QC3  the recorded flow in channel C3 
QD1 flow in diversion channel D1 
QD2 flow in diversion channel D2 
QRT1 flow in return flow channel RT1 
∆V/t reservoir storage change over time step t 
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Reservoir storage change is further evaluated using the starting and ending storage (Vs and Ve) for a time 
step, along with adjustments for net evaporation (evaporation minus precipitation) for a given time 
interval t (seconds). Note that the sign for net evaporation is reversed since the idea is to remove the 
effect of net evaporation (i.e., put the evaporation loss back in the river): 

t
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           (3) 

where:  
 Ve volume at the end of time step t (m3) 
 Vs volume at the start of time step t (m3) 
 P total precipitation over time step t (m) 
 E total evaporation from the reservoir surface over time step t (m) 
 A(Ve) surface area (m2) corresponding to the ending volume Ve 
 A(Vs) surface area (m2) corresponding to the starting volume Vs 

To summarize, local runoff LR can, in general, be assessed by conducting a water balance calculation for 
a subcatchment which is delineated by the downstream point for which LR is evaluated and the upstream 
control points where recorded flow series are available. The general expression is: 

∑ ∑∑
= ==

∆
+−=

n

j

l

k

k
j

m

i
i

t
VQQLR

1 11          (4) 

where:  
 Qi average outflows (i=1,m) from a sub catchment within time step t 
 Qj average inflows (i=1,m) into a sub catchment within time step t 

while the storage change term ∆V/t is summed up over all storage reservoirs in the sub-catchment area 
under consideration. Inflows and outflows into a subcatchment include all diversions and return flows 
into it, as well as diversions out of it. Normally, naturalized flows should be calculated at all on-stream 
reservoir locations, especially when reservoirs have sizeable live storage. 

Equation (1) suggests that naturalized flows are first determined at upstream locations (e.g., locations 1 
and 2 in the example on Figure A. The calculation then proceeds in the above manner for all requested 
locations in the river basin in a downstream progression, by simply adding the local runoff to the 
previously calculated naturalized flows at the immediate upstream nodes in the network. 

It should be noted that if the length of the reaches C1 and C2 is associated with travel time that is longer 
than the calculation time step, the recorded outflows Qr1 and Qr2 in equation (2) should previously be 
routed before being used in equation (2). Once local runoff is calculated with routed recorded flows, it 

DRAFT

Classification: Public



 

31781-531 LR 2021-03-31 final V1.0.docx 5 Matrix Solutions Inc. 

will be necessary to route the naturalized flows from the two upstream nodes before the local runoff is 
added to them to give naturalized flow at the downstream node R1. 

The objective of the flow naturalization task is to estimate naturalized daily discharge under open water 
conditions on the NSR near Rocky Mountain House from September 1972 to December 2019 by removing 
the measurable effect imposed by the Bighorn Dam.  

2.2 Data Requirements 
Various types of data including recorded streamflow, climate data, water consumptive uses, and stage-
storage, as well as stage-area relationships of the reservoir are normally required for flow naturalization. 
The water consumptive uses by other users such as municipal supplies, oil and gas extraction and 
agricultural activities along the NSR between the Bighorn Dam and the Rocky Mountain WSC gauging 
station would not have any measurable effect on annual peak flows compared to the effects caused by 
flow regulation by the dam. Consequently, the main activities in the naturalization of flows in this study 
involved removing the effects of storage change by using the recorded water levels at the WSC gauging 
station, the Lake Abraham near Nordegg (05DC009) and computed net evaporation. The different types 
of data used in the flow naturalization process included the following: 

• historical recorded streamflow data for the NSR and its tributaries 

• historical precipitation and evaporation data 

• reservoir information including operations, water levels, and outflows 

The recorded streamflow data at the following WSC stations (Table A) were used in the flow 
naturalization.  

TABLE A Water Survey of Canada Hydrometric Gauging Stations 

Station Name and ID Gross Drainage Area 
(km2) Data Period 

Lake Abraham near Nordegg (05DC009) 3,890 1972-2012 

North Saskatchewan River below Bighorn Plant (05DC010)  3,890 1972-2019 

North Saskatchewan River near Saunders (05DC002) 5,160 1915-1978 

North Saskatchewan River near Rocky Mountain House 
(05DC001) 

11,000 1913-1930; 1944- 2020 

Clearwater River near Rocky Mountain House (05DB001) 3,220 1914 – 1931; 1944 – 1975 

Clearwater River near Dovercourt (05DB006) 2,250 1975-2019 

Prairie Creek near Rocky Mountain House (05DB002) 844 1922-1925; 1951-2020 

Ram River near the mouth (05DC006) 1,860 1967-2019 
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The WSC database does not have streamflow data for 2017 and 2019. The preliminary streamflow data 
for these years have been obtained from AEP for this study and may be subject to change. The water level 
data at the Lake Abraham near Nordegg (05DC009) from 2012 to 2019 were obtained from TransAlta. 
The historical daily precipitation data covering the period from 1972 to 2019 in the Lake Abraham area 
was obtained from Alberta Agriculture and Forestry (AF 2020). Historical monthly evaporation data has 
been provided by AEP. Information on the reservoir operation rules, stage-area and stage-storage 
relationships was provided by TransAlta. 

In addition, the naturalized flow computations using the SSARR routing method require continuous time 
series. It should be noted that the flows on NSR near the Rocky Mountain House and other WSC stations 
used in this study are gauged seasonally. For this reason, the missing data in winter months were filled 
using typical expected winter flows. This was done to enable continuous calculation, recognizing that the 
main purpose of this study is to estimate naturalized maximum daily discharges at the Rocky Mountain 
House WSC location in each of the years of record. The derived naturalized flow series should not be used 
for any low flow analysis since data records were not available at some of the key locations along the 
routing reaches of the NSR. 

2.2.1 Routing Tables 

The SSARR routing module in the RBAT model is a cascade of reservoir technique and requires routing 
characteristics of various modelled reaches in terms of discharge versus time of travel and the number of 
segments in a modelled reach. The routing tables used in Stantec (2005) were reviewed and adjusted for 
different length of the river reaches. The results were also confirmed using the downstream movement 
of observed (based on a review of recorded data) hydrograph peak flows downstream. Table B presents 
the routing tables used in this study. 

TABLE B Routing Tables Along Various North Saskatchewan River Reaches 

Bighorn to Ram River Confluence  
(86 km) 

Ram River to Clearwater River  
(42 km) 

Flow  
(m3/s) 

Travel Time  
(hours) 

Flow  
(m3/s) 

Travel Time  
(hours) 

0.03 72.90 0.03 35.60 
14.16 56.70 14.16 27.69 
28.32 43.74 28.32 21.36 
60.88 32.40 60.88 15.82 

181.23 21.06 181.23 10.29 
254.85 19.44 254.85 9.49 
396.44 17.82 396.44 8.70 
934.46 16.20 934.46 7.91 

1614.06 14.58 1614.06 7.12 
2973.27 12.96 2973.27 6.33 
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2.3 Flow Naturalization Process to the North Saskatchewan River  
The modelling schematic of the NSR reaches and its tributaries is shown on Figure B, while the hydrometric 
stations and their years of available data are shown in Table A. As a part of the flow naturalization process, 
a water balance analysis was performed for Lake Abraham from September 1972 to December 2019 to 
compute naturalized flows. Changes in reservoir storage were computed using a) the reservoir water level 
data recorded at the WSC station 05DC009, b) discharge data recorded at the WSC station 05DC010, and 
c) precipitation and evaporation data as appropriate for the area.  

The schematic diagram for flow naturalization is presented on Figure A1 in Appendix A. The main activities 
in the naturalization of flows involved removing the effects of storage change (as discussed above) and 
routing the recalculated reservoir inflow first to the confluence with the Ram River, where the Ram River 
tributary inflows were added to the routed flows. These routed flows were summed with the recorded 
flows of the Ram River at the mouth (05DC006), and the resulting flows were then routed to the 
confluence with the Clearwater River. The flows at Clearwater River near the Rocky Mountain House 
(05DB001) were then added to the routed daily flows, along with the remaining local runoff between the 
Bighorn Dam and Rocky Mountain House, which were calculated based on the flow records at the WSC 
station on the NSR near Rocky Mountain House (05DC001). 

 

 

Figure B North Saskatchewan River Reaches and Tributaries and Locations of WSC Stations  
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Hydrologic routing was also required to calculate the local inflows between the Bighorn Dam and Rocky 
Mountain House, since the flows along the Ram and Clearwater rivers do not account for the entire local 
runoff. The procedure involved routing of the recorded outflows from the dam, which were then summed 
up with the flows of the Ram River near the mouth and routed down to the confluence with the Ram 
River, and finally added to the flows from the Clearwater River at the confluence. The resulting sum was 
subtracted from the recorded flows on NSR near Rocky Mountain House (05DC001). Both routing 
procedures for recorded flows (needed to calculate the local runoff) and the final naturalized flows were 
conducted by the RBAT model simultaneously as the calculation proceeds in the downstream progression. 

The recorded flows at the Clearwater River at Rocky Mountain House (05DB001) were used as tributary 
inflow into the NSR until 1975. After that, the Prairie Creek flows (Station 05DB002) were added to the 
flows at the Clearwater River near Dover Station (05DB006) to represent total tributary daily flows into 
the NSR at the confluence covering a period from 1976 to 2019. The streamflow data from the NSR near 
Saunders (05DC002) were not used in this study since this station only has incomplete seasonal data, but 
the station location is provided since it was referenced in earlier studies from which the travel time versus 
flow relationships were retrieved. 

2.4 Developed Naturalized Flow Data Series 
Following the above-mentioned procedures, the RBAT model was used to route the daily flows through 
the NSR reaches on a daily time step basis. The comparison of daily regulated and naturalized flows at the 
WSC station on the NSR near the Rocky Mountain House (05DC001) for the period from 1972 to 2019 is 
shown on Figure A2 in Appendix A. Effects of river routing is highlighted on Figure C below for 1988  when 
the flows in the NSR has moderate levels while the total Ram River contribution is small.. 

 

 

Figure C Naturalized Flows at Bighorn Dam and the Ram River Confluence during 1988 
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Similarly, typical comparison between naturalized and regulated flows below Bighorn Dam is shown on 
Figure D below. 

 

Figure D Comparison of Naturalized and Regulated Flows at Bighorn Dam 

The derived naturalized daily discharge data series can be used to determine the naturalized annual 
maximum daily discharge for the period from 1973 to 2019 (annual maximum daily discharge in 1972 
occurred before the operation of the dam). Figure A3 in Appendix A shows the naturalized maximum daily 
discharges covering the period from 1915 to 2019, where a slight downward trend (negative slope) can 
be seen. A similar trend has been noticed in the naturalized maximum daily flows at the WSC station on 
the NSR at Edmonton (05DF001) reported in the recently completed North Saskatchewan Flood Hazard 
Study from the Town of Devon through the City of Edmonton and Fort Saskatchewan (NHC 2020). The 
trend in the generated naturalized flow data series on the NSR near Rocky Mountain House (05DC001) is 
statistically insignificant based on the Mann-Kendall test performed in this study.  

The average ratio of naturalized maximum daily discharges and recorded regulated maximum daily 
discharges covering the period from 1990 to 2019 is 1.5 with a median value of 1.4. No recorded maximum 
daily discharges from 1973 to 1989 is available. The ratio of computed naturalized maximum daily 
discharge and regulated maximum daily discharge (2,150 m3/s) during the 2005 flood is 1.1 while the ratio 
of naturalized maximum daily discharge and regulated maximum daily discharge (1,650 m3/s) during the 
2013 flood is 1.3.  

The annual maximum daily discharges at the NSR near Rocky Mountain House (05DC001) for the period 
from 1972 to 2019 can be combined to the recorded natural annual maximum daily discharges covering 
the period from 1914 to 1972 to generate a complete annual naturalized maximum daily discharges at 
the WSC station near Rocky Mountain House (05DC001). This complete annual naturalized maximum daily 
discharge data series can be used to determine the annual maximum instantaneous discharges (for 
missing years during pre-regulation and all years during post-regulation) using a relationship between the 
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maximum instantaneous discharges and maximum daily discharges during pre regulation period (1914 to
summer of 1972). This is done under the assumption that the relationship between maximum
instantaneous discharges and maximum daily discharges in the derived naturalized flow series for the
post regulation period is the same as the relationship that exists in natural flow series during
pre regulation. The derived maximum instantaneous discharges covering the period from 1914 to 2019
can then be used for flood frequency estimates.

3 CLOSURE
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Schematic Diagram for Flow Naturalization

Rocky Mountain House Flood Hazard Study
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APPENDIX B  
Results of Hydrologic Analysis –  

Clearwater River near Rocky Mountain House 

 

 

  

DRAFT

Classification: Public



TABLE B1: Annual Recorded Annual Maximum Daily and Maximum Instantaneous Discharges for WSC Gauging Stations

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

1914 - - - - - - - - - - 64.6 06--08

1915 - - - - - - - - - - 1110 06--27

1916 - - - - - - - - - - 221 06--20

1917 - - - - - - - - - - 174 05--17

1918 - - - - - - - - - - 119 06--15

1919 - - - - - - - - - - 42.2 08--09

1920 - - - - - - - - - - 178 05--09

1921 - - - - - - - - - - 56.9 06--07

1922 - - - - - - 15.4 08--17 75.3 08--17 72.5 08--17

1923 - - - - 58.9 06--24 57.5 06--24 - - 320 06--02

1924 - - - - - - 11.8 05--03 153 05--01 115 05--01

1925 - - - - 43.9 08--17 42.5 08--17 328 08--17 274 08--17

1926 - - - - - - - - - - 233 09--02

1927 - - - - - - - - 117 07--28 113 07--28

1928 - - - - - - - - 267 06--19 259 06--19

1929 - - - - - - - - 253 06--03 230 06--03

1930 - - - - - - - - - - 66.3 06--11

1931 - - - - - - - - - - - -

1944 - - - - - - - - - - 231 06--15

1945 - - - - - - - - - - 103 06--01

1946 - - - - - - - - - - 144 06--23

1947 - - - - - - - - - - 119 06--28

1948 - - - - - - - - - - 289 05--24

1949 - - - - - - - - - - 46.2 07--21

1950 - - - - - - - - - - 137 06--15

1951 - - - - - - - - - - 90.6 05--05

Year

Clearwater River Near Dovercourt 

(05DB006)

Prairie Creek Near Rocky Mountain House 

(05DB002)

Clearwater River Near Rocky Mountain House 

(05DB001)
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Recorded Annual Maximum Daily and Maximum Instantaneous Discharges for WSC Gauging Stations



 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

Clearwater River Near Dovercourt 

(05DB006)

Prairie Creek Near Rocky Mountain House 

(05DB002)

Clearwater River Near Rocky Mountain House 

(05DB001)

1952 - - - - 94.3 06--24 86.1 06--24 425 06--24 411 06--24

1953 - - - - - - 28.3 06--04 171 06--04 167 06--04

1954 - - - - 94.6 08--27 94 08--26 385 08--26 357 08--26

1955 - - - - - - 36.8 06--01 96.3 06--13 89.5 06--14

1956 - - - - - - 8.41 04--16 - - 53.8 06--21

1957 - - - - - - 18.4 04--30 78.4 04--30 68.5 05--01

1958 - - - - - - 17.9 07--02 104 07--02 98.3 07--02

1959 - - - - - - 43.6 06--29 146 06--28 135 06--28

1960 - - - - - - 22.5 05--19 63.7 07--03 62 07--02

1961 - - - - - - 9.63 05--05 62.9 07--03 59.2 07--30

1962 - - - - 17.4 05--16 17.1 05--16 62 05--21 55.5 05--21

1963 - - - - 42.2 07--17 36.8 07--17 147 07--17 138 07--17

1964 - - - - 109 05--08 90 05--08 189 05--07 168 05--07

1965 - - - - 68.8 06--30 65.4 06--30 524 06--19 385 06--19

1966 - - - - 32.3 07--04 29.7 07--04 180 07--04 162 07--05

1967 - - - - 22 06--01 21.2 06--01 152 06--01 138 06--01

1968 - - - - 22.5 07--21 20.4 07--22 74.2 07--21 69.4 07--22

1969 - - - - 69.4 07--06 67.4 07--06 286 07--07 274 07--06

1970 - - - - 70.5 06--17 64.8 06--17 399 06--17 340 06--17

1971 - - - - 24.9 06--10 24 06--10 146 06--07 138 06--07

1972 - - - - 116 06--26 102 06--26 467 06--26 442 06--26

1973 - - - - 20.4 05--28 19.4 05--28 98.8 05--28 95.4 05--28

1974 - - - - 23.5 05--21 23 05--20 121 06--18 115 06--18

1975 - - - - 11.6 05--08 11.2 05--08 45.3 06--26 42.8 06--27

1976 55.8 08--09 50.7 08--11 11.6 08--09 9.77 08--17 - - - -

1977 61.4 06--10 56.1 06--09 38.2 05--30 34 05--30 - - - -

1978 111 06--07 106 06--07 22.4 06--01 19 06--01 - - - -

1979 50.1 05--28 45.4 05--28 8.43 04--29 7.93 04--29 - - - -
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 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

Clearwater River Near Dovercourt 

(05DB006)

Prairie Creek Near Rocky Mountain House 

(05DB002)

Clearwater River Near Rocky Mountain House 

(05DB001)

1980 94.1 06--18 87.2 06--05 28.1 06--06 27 06--06 - - - -

1981 223 07--31 194 07--31 54.8 07--31 49.5 07--31 - - - -

1982 77.9 07--05 73.3 07--06 - - 41.2 07--06 - - - -

1983 93.7 07--04 84.5 07--04 18.5 07--04 17.3 07--04 - - - -

1984 66.9 06--10 65.1 06--10 26.1 06--10 25.3 06--10 - - - -

1985 99.3 09--14 94.2 09--14 32.6 09--14 30.3 09--14 - - - -

1986 158 07--18 136 07--18 112 07--19 104 07--19 - - - -

1987 48.8 07--27 46.3 07--27 7.56 07--23 7.28 07--23 - - - -

1988 75.3 06--09 68.5 06--09 14.4 08--18 13.3 08--18 - - - -

1989 60.2 08--18 56.4 08--18 20.5 08--04 19.4 08--04 - - - -

1990 341 06--03 274 06--03 64.4 06--13 59.9 06--13 - - - -

1991 109 08--16 102 08--16 24.6 07--07 21.3 07--07 - - - -

1992 85.2 07--10 82.7 07--10 20 07--10 18.8 07--10 - - - -

1993 - - 83.2 07--27 22.3 07--27 20.6 07--27 - - - -

1994 67.9 06--08 65.5 06--08 31.9 06--09 29.8 06--09 - - - -

1995 214 07--04 201 07--05 51.7 07--05 48.9 07--05 - - - -

1996 65.6 06--10 60.2 06--10 19.8 06--02 19.2 06--02 - - - -

1997 62.7 08--16 54.5 08--17 26.7 08--17 24.9 08--17 - - - -

1998 - - 151 06--30 55.4 07--02 50 07--02 - - - -

1999 228 07--16 206 07--16 131 07--05 113 07--05 - - - -

2000 75.2 07--11 71.3 07--11 35.5 07--11 33.7 07--11 - - - -

2001 38.8 06--26 38.4 06--26 - - 10.4 06--19 - - - -

2002 64.1 06--17 61 06--18 12.5 05--16 12.2 05--16 - - - -

2003 175 04--26 143 04--26 60.3 04--26 53.9 04--26 - - - -

2004 50.3 07--05 49.9 07--05 27.8 09--04 25.7 09--04 - - - -

2005 938 06--19 738 06--19 212 06--19 183 06--19 - - - -

2006 161 06--16 126 06--17 38.1 06--16 33.5 06--17 - - - -

2007 229 06--07 189 06--07 62.2 06--18 52.6 06--18 - - - -
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 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

Clearwater River Near Dovercourt 

(05DB006)

Prairie Creek Near Rocky Mountain House 

(05DB002)

Clearwater River Near Rocky Mountain House 

(05DB001)

2008 204 05--26 186 05--26 41.5 06--12 40.1 06--12 - - - -

2009 43.6 07--16 42.4 07--16 12.4 07--10 11.8 07--10 - - - -

2010 64.6 06--11 63.2 06--11 49.7 06--11 46.4 06--11 - - - -

2011 200 06--18 187 06--20 85.9 06--18 79 06--18 - - - -

2012 275 06--07 217 06--07 41.8 06--11 37.6 06--11 - - - -

2013 587 06--21 509 06--22 85.5 06--22 81.2 06--22 - - - -

2014 89 06--17 84.1 06--18 29.4 06--17 27.9 06--17 - - - -

2015 46 09--22 41.8 09--22 6.5 09--08 6.11 09--08 - - - -

2016 139 08--24 132 07--18 73.1 08--24 67.1 08--24 - - - -

2017 - - 89 06--15 - - 24.1 05--26 - - - -

2018 64.5 07--08 62.2 07--08 20.2 04--29 19.4 04--30 - - - -

2019 - - 111 06--29 - - 31.5 06--29 - - - -

2020 - - 118 07--02 - - 68.0 05--23 - - - -

Note:  Maximum Daily Discharge for 2017, 2019 and 2020 were derived from taking Daily Average from Hourly data available through AEP. It was determined that there 

was a good correlation between WSC and AEP daily maximum flow at WSC Stations 05DB006 and 05DB002.
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 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

1914 72.1 - 64.6 06--08

1915 1238.4 - 1110 06--27

1916 246.6 - 221 06--20

1917 194.1 - 174 05--17

1918 132.8 - 119 06--15

1919 47.1 - 42.2 08--09

1920 198.6 - 178 05--09

1921 63.5 - 56.9 06--07

1922 75.3 08--17 72.5 08--17

1923 357 - 320 06--02

1924 153 05--01 115 05--01

1925 328 08--17 274 08--17

1926 260 - 233 09--02

1927 117 07--28 113 07--28

1928 267 06--19 259 06--19

1929 253 06--03 230 06--03

1930 74 - 66.3 06--11

1931 - - - -

1944 257.7 - 231 06--15

1945 114.9 - 103 06--01

1946 160.7 - 144 06--23

1947 132.8 - 119 06--28

1948 322.4 - 289 05--24

1949 51.5 - 46.2 07--21

1950 152.9 - 137 06--15

1951 101.1 - 90.6 05--05

1952 425 06--24 411 06--24

1953 171 06--04 167 06--04

1954 385 08--26 357 08--26

1955 96.3 06--13 89.5 06--14

1956 60 - 53.8 06--21

1957 78.4 04--30 68.5 05--01

1958 104 07--02 98.3 07--02

1959 146 06--28 135 06--28

1960 63.7 07--03 62 07--02

1961 62.9 07--03 59.2 07--30

Year

Clearwater River Near Rocky Mountain House 

(05DB001)

TABLE B2: Annual Maximum Instantaneous and 

Recorded Annual Maximum Daily Discharges for WSC 

Gauging Station 05DB001
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 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

Clearwater River Near Rocky Mountain House 

(05DB001)

1962 62 05--21 55.5 05--21

1963 147 07--17 138 07--17

1964 189 05--07 168 05--07

1965 524 06--19 385 06--19

1966 180 07--04 162 07--05

1967 152 06--01 138 06--01

1968 74.2 07--21 69.4 07--22

1969 286 07--07 274 07--06

1970 399 06--17 340 06--17

1971 146 06--07 138 06--07

1972 467 06--26 442 06--26

1973 98.8 05--28 95.4 05--28

1974 121 06--18 115 06--18

1975 45.3 06--26 42.8 06--27

1976 67.8 - - -

1977 97.9 - - -

1978 134.9 - - -

1979 57.8 - - -

1980 131.9 - - -

1981 282.5 - - -

1982 132.8 - - -

1983 118.1 - - -

1984 104.9 - - -

1985 144.4 - - -

1986 274.9 - - -

1987 60.7 - - -

1988 82.8 - - -

1989 80.3 - - -

1990 359.5 - - -

1991 134.3 - - -

1992 117.7 - - -

1993 120.4 - - -

1994 107.1 - - -

1995 289.9 - - -

1996 80 - - -

1997 92.1 - - -

1998 226.7 - - -

1999 368.9 - - -

2000 121.8 - - -

2001 53.8 - - -

DRAFT

Classification: Public



 Annual 

Maximum 

Instantaneous 

Discharge (m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

Clearwater River Near Rocky Mountain House 

(05DB001)

2002 75.8 - - -

2003 228.4 - - -

2004 75.5 - - -

2005 1068.4 - - -

2006 185 - - -

2007 275.9 - - -

2008 258.5 - - -

2009 55.9 - - -

2010 127.1 - - -

2011 303.9 - - -

2012 284.1 - - -

2013 684.7 - - -

2014 128.8 - - -

2015 55.2 - - -

2016 227.5 - - -

2017 120.6 - - -

2018 76.7 - - -

2019 164.8 - - -

2020 181.5 - - -

Note:  

1. 1914 to 1975 data are from the WSC Station 05DB001.

2. 1976 to 2020 (shown in Italic) are derived from WSC Stations 

05DB006 and 05DB002.

3. The underlined values are based on Qi= 1.1157Qp.DRAFT

Classification: Public
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Notes
1. The  1914 to 1975 are WSC gauge data (05DB001)
2. The 1976 to 2020 data are derived from WSC gauge data (05DB006 and 05DB002)
3. The 2017, 2019 and 2020 are preliminary data from AEP. 

Comparison of Annual Maximum Daily and Instantaneous Discharge Hydrographs
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A-D Test K-S Test Least Squares Ranking

10 10 10 10.00 10

4 2 6 4.00 2

6 6 3 5.00 6

3 3 7 4.33 4

5 5 2 4.00 2

1 1 1 1.00 1

7 7 9 7.67 8

2 4 8 4.67 5

9 9 5 7.67 8

8 8 4 6.67 7

Log Pearson III

Pearson III

Ranking from 

Numerical Tests

Numerical Goodness-of-fit Tests from Spreadsheet
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1) Anderson-Darling Test (1952)

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% A2 Hypothesis Rank (1 = best fit)

Normal 1.929 2.502 3.907 7.613 Reject H0 10

Lognormal 1.929 2.502 3.907 0.644 Accept H0 4

Lognormal III 1.929 2.502 3.907 1.408 Accept H0 6

Exponential 1.929 2.502 3.907 0.527 Accept H0 3

Pearson III 1.929 2.502 3.907 1.088 Accept H0 5

Log Pearson III 1.929 2.502 3.907 0.355 Accept H0 1

Gumbel 1.929 2.502 3.907 2.373 Accept H0 7

GEV 1.929 2.502 3.907 0.510 Accept H0 2

Weibull 1.929 2.502 3.907 4.463 Reject H0 9

Gamma 1.929 2.502 3.907 4.301 Reject H0 8

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% Dn Hypothesis Rank (1 = best fit)

Normal 0.126 0.140 0.168 0.210 Reject H0 10

Lognormal 0.126 0.140 0.168 0.066 Accept H0 2

Lognormal III 0.126 0.140 0.168 0.105 Accept H0 6

Exponential 0.126 0.140 0.168 0.069 Accept H0 3

Pearson III 0.126 0.140 0.168 0.102 Accept H0 5

Log Pearson III 0.126 0.140 0.168 0.059 Accept H0 1

Gumbel 0.126 0.140 0.168 0.128 Accept H0 7

GEV 0.126 0.140 0.168 0.070 Accept H0 4

Weibull 0.126 0.140 0.168 0.194 Reject H0 9

Gamma 0.126 0.140 0.168 0.190 Reject H0 8

2) Kolmogorov-Smirnov Test (1933)

Least Squares Ranking

Distribution Type: Standard Error Rank

Normal 116 10

Lognormal 62 6

Lognormal III 44 3

Exponential 65 7

Pearson III 41 2

Log Pearson III 31 1

Gumbel 94 9

GEV 71 8

Weibull 61 5

Gamma 60 4

Selected Distribution
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APPENDIX C  
Results of Hydrologic Analysis –  

North Saskatchewan River near Rocky Mountain House 
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

1913 - - - -

1914 - - 510 06--07

1915 4110 06--27 3680 06--27

1916 - - 1060 06--20

1917 - - 561 06--03

1918 - - 753 06--15

1919 - - 447 06--23

1920 - - 614 07--03

1921 - - 479 06--26

1922 - - 564 08--17

1923 1270 06--14 1260 06--14

1924 - - 674 07--04

1925 - - 1030 08--17

1926 - - 878 09--02

1927 - - 784 06--27

1928 - - 900 06--23

1929 - - 850 06--03

1930 - - 575 07--16

1931 - - - -

1944 971 06--15 - -

1945 - - - -

1946 - - - -

1947 - - - -

1948 - - - -

1949 - - - -

1950 - - - -

1951 - - - -

1952 1990 06--23 - -

1953 742 07--15 - -

1954 1260 08--25 1060 08--26

1955 586 07--19 583 07--19

1956 464 06--06 439 06--06

1957 422 06--09 419 06--09

1958 - - 714 06--29

1959 779 06--27 719 06--27

1960 609 07--02 558 07--02

1961 566 06--08 541 06--08

North Saskatchewan River Near Rocky Mountain House 

(05DC001)

Year

TABLE C1: Recorded Annual Maximum Daily and Maximum 

Instantaneous Discharges for WSC Gauging Station 05DC001
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

North Saskatchewan River Near Rocky Mountain House 

(05DC001)

Year

1962 504 08--06 473 08--06

1963 680 07--16 648 07--16

1964 790 06--19 776 06--19

1965 1460 06--18 1050 06--19

1966 835 07--04 733 07--04

1967 626 06--18 617 06--18

1968 - 06--28 547 07--11

1969 963 07--06 906 07--06

1970 1290 06--17 1120 06--17

1971 - - 736 06--06

1972 1880 06--25 1470 06--26

1973 348 05--28

1974 351 06--26

1975 191 07--18

1976 212 08--11

1977 244 05--30

1978 323 07--12

1979 214 05--27

1980 679 06--05

1981 633 07--25

1982 554 07--06

1983 250 04--26

1984 241 10--06

1985 360 09--14

1986 773 07--18

1987 246 07--08

1988 262 06--09

1989 334 08--17

1990 594 06--03 575 06--03

1991 384 07--07 380 07--07

1992 324 07--10 304 07--10

1993 250 06--17

1994 324 06--09 286 06--08

1995 629 07--04 587 07--04

1996 377 06--02 347 06--02

1997 280 08--16 238 08--16

1998 683 06--30 657 06--30

1999 917 07--04 818 07--04

2000 301 07--05 261 07--11

2001 215 06--18 189 06--18
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

North Saskatchewan River Near Rocky Mountain House 

(05DC001)

Year

2002 251 05--30 220 05--30

2003 359 04--26 346 04--26

2004 276 09--04 244 09--04

2005 2420 06--19 2150 06--19

2006 617 06--16

2007 754 06--06 630 06--07

2008 758 05--25 620 05--25

2009 195 07--16 168 07--16

2010 339 06--11 313 06--11

2011 1170 06--17 949 06--17

2012 819 06--07 700 06--07

2013 1850 06--21 1650 06--21

2014 360 06--17 350 06--17

2015 235 06--09 232 06--09

2016 561 08--23 517 08--24

2017

2018 295 07--05 277 07--05

2019

Notes: 

1. 1914 to 1972 data are from the WSC pre-regulation record. 

2. 1973 to 2019 (shown in Italic) are as reccorded from WSC 

(regulated flow).
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

1913 - - - -

1914 576 - 510 06--07

1915 4110 06--27 3680 06--27

1916 1198 - 1060 06--20

1917 634 - 561 06--03

1918 851 - 753 06--15

1919 505 - 447 06--23

1920 694 - 614 07--03

1921 541 - 479 06--26

1922 637 - 564 08--17

1923 1270 06--14 1260 06--14

1924 762 - 674 07--04

1925 1164 - 1030 08--17

1926 992 - 878 09--02

1927 886 - 784 06--27

1928 1017 - 900 06--23

1929 961 - 850 06--03

1930 650 - 575 07--16

1931 - - -

1944 971 06--15 -

1945 - - -

1946 - - -

1947 - - -

1948 - - -

1949 - - -

1950 - - -

1951 - - -

1952 1990 06--23 -

1953 742 07--15 -

1954 1260 08--25 1060 08--26

1955 586 07--19 583 07--19

1956 464 06--06 439 06--06

1957 422 06--09 419 06--09

1958 807 - 714 06--29

TABLE C2: Annual Maximum Instantaneous and Recorded 

Annual Maximum Daily Discharges for 

WSC Gauging Station 05DC001

Year

North Saskatchewan River Near Rocky Mountain House 

(05DC001)
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

North Saskatchewan River Near Rocky Mountain House 

(05DC001)

1959 779 06--27 719 06--27

1960 609 07--02 558 07--02

1961 566 06--08 541 06--08

1962 504 08--06 473 08--06

1963 680 07--16 648 07--16

1964 790 06--19 776 06--19

1965 1460 06--18 1050 06--19

1966 835 07--04 733 07--04

1967 626 06--18 617 06--18

1968 618 06--28 547 07--11

1969 963 07--06 906 07--06

1970 1290 06--17 1120 06--17

1971 832 - 736 06--06

1972 1880 06--25 1470 06--26

1973 649 - 574 06--25

1974 791 - 700 06--26

1975 525 - 465 06--27

1976 479 - 424 06--28

1977 442 - 391 06--29

1978 614 - 543 06--30

1979 382 - 338 07--01

1980 762 - 674 07--02

1981 1019 - 902 07--03

1982 730 - 646 07--04

1983 433 - 383 07--05

1984 570 - 504 07--06

1985 485 - 429 07--07

1986 939 - 831 07--08

1987 463 - 410 07--09

1988 646 - 572 07--10

1989 515 - 456 07--11

1990 859 - 760 07--12

1991 625 - 553 07--13

1992 523 - 463 07--14

1993 433 - 383 07--15

1994 437 - 387 07--16

1995 957 - 847 07--17

1996 566 - 501 07--18

1997 451 - 399 07--19

1998 937 - 829 07--20
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 Annual 

Maximum 

Instantaneous 

Discharge 

(m
3
/s) 

Date

 Annual 

Maximum Daily 

Discharge (m
3
/s)

Date

Year

North Saskatchewan River Near Rocky Mountain House 

(05DC001)

1999 1158 - 1025 07--21

2000 471 - 417 07--22

2001 382 - 338 07--23

2002 602 - 533 07--24

2003 527 - 466 07--25

2004 489 - 433 07--26

2005 2558 - 2264 07--27

2006 1009 - 893 07--28

2007 1182 - 1046 07--29

2008 765 - 677 07--30

2009 358 - 317 07--31

2010 531 - 470 08--01

2011 1215 - 1075 08--02

2012 1031 - 912 08--03

2013 2406 - 2129 08--04

2014 542 - 480 08--05

2015 453 - 401 08--06

2016 764 - 676 08--07

2017 669 - 592 08--08

2018 483 - 427 08--09

2019 657 - 581 08--10

Notes: 

1. 1914 to 1972 data are from the WSC pre-regulation record. 

2. 1973 to 2019 (shown in Italic) are from the results of the flow 

naturalizations. 

3. The underlined values are based on Qi= 1.1293Qp.DRAFT
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Notes
1. The  1913 to 1972 are WSC gauge data (05DC001)
2. The 1973 to 2019 data are modelled results from the flow naturalization

Comparison of Annual Maximum Daily and Instantaneous Discharge Hydrographs
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MARCH 2021 E. JOHNSTON M. SHOME31781-531

A-D Test K-S Test Least Squares Ranking

10 7 10 9.00 9

4 4 8 5.33 5

1 1 4 2.00 1

5 6 5 5.33 5

6 5 3 4.67 4

2 2 2 2.00 1

7 8 7 7.33 7

3 3 1 2.33 3

9 10 9 9.33 10

8 9 6 7.67 8

Log Pearson III

Pearson III

Ranking from 

Numerical Tests

Numerical Goodness-of-fit Tests from Spreadsheet

Normal

Lognormal

Lognormal III

Exponential

Average of RanksDistribution Type

Gumbel

GEV

Weibull

Gamma

1) Anderson-Darling Test (1952)

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% A2 Hypothesis Rank (1 = best fit)

Normal 1.929 2.502 3.907 7.269 Reject H0 10

Lognormal 1.929 2.502 3.907 1.351 Accept H0 4

Lognormal III 1.929 2.502 3.907 0.181 Accept H0 1

Exponential 1.929 2.502 3.907 1.406 Accept H0 5

Pearson III 1.929 2.502 3.907 1.623 Accept H0 6

Log Pearson III 1.929 2.502 3.907 0.184 Accept H0 2

Gumbel 1.929 2.502 3.907 4.617 Reject H0 7

GEV 1.929 2.502 3.907 0.193 Accept H0 3

Weibull 1.929 2.502 3.907 5.705 Reject H0 9

Gamma 1.929 2.502 3.907 4.833 Reject H0 8

H0= Data follows specified distribution

HA= Data does not follow the specified distribution

Distribution Type: Critical Value at 10% Critical Value at 5% Critical Value at 1% Dn Hypothesis Rank (1 = best fit)

Normal 0.132 0.147 0.176 0.191 Reject H0 7

Lognormal 0.132 0.147 0.176 0.087 Accept H0 4

Lognormal III 0.132 0.147 0.176 0.040 Accept H0 1

Exponential 0.132 0.147 0.176 0.108 Accept H0 6

Pearson III 0.132 0.147 0.176 0.107 Accept H0 5

Log Pearson III 0.132 0.147 0.176 0.054 Accept H0 2

Gumbel 0.132 0.147 0.176 0.191 Reject H0 8

GEV 0.132 0.147 0.176 0.057 Accept H0 3

Weibull 0.132 0.147 0.176 0.217 Reject H0 10

Gamma 0.132 0.147 0.176 0.204 Reject H0 9

2) Kolmogorov-Smirnov Test (1933)

Least Squares Ranking

Distribution Type: Standard Error Rank

Normal 343 10

Lognormal 240 8

Lognormal III 132 4

Exponential 177 5

Pearson III 112 3

Log Pearson III 90 2

Gumbel 237 7

GEV 54 1

Weibull 252 9

Gamma 223 6

Selected Distribution
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APPENDIX C 
Flood Inundation Maps 
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Floodway Criteria Maps 
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Notes:
1. Ple ase  re fe r to the  ac c om panying Roc ky Mountain House
Flood  Hazard Stud y for im portant inform ation c onc e rning the se
m aps.
2. Within the  flood  inund ation are as shown on this m ap, the re
m ay be  isolate d  poc ke ts of high ground. To d e te rm ine  whe the r
or not a particular site  is subje ct to flood ing, re fe re nc e  should
be  m ad e  to the  c om pute d  flood  le ve ls in c onjunc tion with site -
spe c ific  surve ys whe re  d e taile d  d e finition is re q uire d .
3. N on-rive rine  and local sourc e s of wate r have  not be e n
c onsid e re d , and structure s suc h roads or railways can re stric t
wate r flow and affe c t loc al flood  le ve ls. Channe l obstruction,
local storm wate r inflow, groundwate r se e page  or othe r land
drainage  c an cause  flood  le ve ls to e xc e e d  those  ind icate d  on
the  m ap. Lands ad jac e nt to a flood e d  are a m ay be  subje c t to
flood ing from  tributary stre am s not ind icate d  on the  m aps.

Definitions:
Flood Hazard Map - A flood  hazard map is a spe c ific  type  of flood  m ap that id e ntifie s the  are a flood e d  for the  1:100 d e sign flood , and d ivid e s that flood  hazard are a into floodway and
flood  fringe  zone s. Flood hazard m aps can also show ad d itional flood  hazard inform ation, inc lud ing the  incre m e ntal are as at risk for m ore  se ve re  flood s like  the  1:200 and 1:500 flood s.
Flood  hazard m aps are  typic ally use d  for long-te rm flood  hazard are a m anage m e nt and land-use  planning.
Design Flood - The  d e sign flood  standard in Albe rta is the  1:100 flood , whic h is a flood  that has a 1% c hanc e  of be ing e q uale d  or e xc e e d e d  in any give n ye ar. The  d e sign flood is
typic ally base d on the  1:100 ope n wate r flood , but it c an also re fle ct 1:100 ic e  jam  flood  le ve ls or be  base d  on a historic al flood  e ve nt. Diffe re nt size d  flood s have  d iffe re nt c hanc e s of
oc curring – for e xam ple , a 1:200 flood  has a 0.5% c hanc e  of oc curring in any give n ye ar and a 1:500 flood  has a 0.2% c hanc e  of oc curring in any give n ye ar – but only the  1:100
d e sign flood  is use d  to d e fine  the  flood way and flood  fringe  zone s on flood  hazard m aps.
Floodway - Whe n a flood way is first d e fine d  on a flood  hazard map, it typically re pre se nts the  are a of highe st flood  hazard whe re  flows are  d e e pe st, faste st, and m ost d e structive
during the  1:100 d e sign flood . Whe n a flood  hazard m ap is update d , the  flood way will not ge t large r in m ost c ircum stanc e s to maintain long-te rm re gulatory c e rtainty, e ve n if the  flood
hazard are a ge ts large r or d e sign flood  le ve ls ge t highe r.
Flood Fringe - The  flood  fringe  is the  are a outsid e  of the  flood way that is flood e d  or c ould  be  flood e d  d uring the  1:100 d e sign flood . The  flood  fringe  typic ally re pre se nts are as with
shallowe r, slowe r, and le ss d e structive  flood ing, but it m ay also inc lud e  “high hazard flood  fringe ” are as. Are as at risk of flood ing be hind  flood  be rm s m ay also be  m appe d  as “prote cte d
flood  fringe ” are as.
High Hazard Flood Fringe - The  high hazard flood  fringe  id e ntifie s areas within the  flood  fringe  with d e e pe r or faster m oving wate r than the  re st of the  flood  fringe . High hazard flood
fringe  are as are  like ly to be  m ost significant for flood  m aps that are  be ing update d , but the y m ay also be  inc lud e d  in ne w flood  maps.
Protected Flood Fringe - The  prote c te d  flood  fringe  id e ntifie s are as that c ould  be  flood e d  if d e d icate d  flood  be rm s fail or d o not work as d e signe d  d uring the  1:100 d e sign flood , e ve n
if the y are not ove rtoppe d. Prote c te d flood  fringe  are as are  part of the  flood  fringe  and d o not d iffe re ntiate  be twe e n are as with d e e pe r or faster m oving wate r and shallowe r or slowe r
m oving wate r.

References:
Data obtaine d  from  AltaLIS © Gove rnm e nt of
Albe rta and Ge oBase ® use d  und e r lic e nse .
Ae rial im age ry ac q uire d  by OGL Engine e ring on
Se pte m be r 4, 2020 for Albe rta Environm e nt and
Parks.
Ad d itional Base  Mapping available  ESRI Base
Mapping and Im age ry Se rvic e s.
Sourc e s: Esri, HERE, Garm in, Inte rm ap,
incre m e nt P Corp., GEBCO, USGS, FAO, N PS,
N RCAN , Ge oBase , IGN , Kadaste r N L, Ord nanc e
Surve y, Esri Japan, METI, Esri China (Hong
Kong), (c) Ope nStre e tMap c ontributors, and the
GIS Use r Com m unity
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Notes:
1. Ple ase  re fe r to the  ac c om panying Roc ky Mountain House
Flood  Hazard Stud y for im portant inform ation c onc e rning the se
m aps.
2. Within the  flood  inund ation are as shown on this m ap, the re
m ay be  isolate d  poc ke ts of high ground. To d e te rm ine  whe the r
or not a particular site  is subje ct to flood ing, re fe re nc e  should
be  m ad e  to the  c om pute d  flood  le ve ls in c onjunc tion with site -
spe c ific  surve ys whe re  d e taile d  d e finition is re q uire d .
3. N on-rive rine  and local sourc e s of wate r have  not be e n
c onsid e re d , and structure s suc h roads or railways can re stric t
wate r flow and affe c t loc al flood  le ve ls. Channe l obstruction,
local storm wate r inflow, groundwate r se e page  or othe r land
drainage  c an cause  flood  le ve ls to e xc e e d  those  ind icate d  on
the  m ap. Lands ad jac e nt to a flood e d  are a m ay be  subje c t to
flood ing from  tributary stre am s not ind icate d  on the  m aps.

Definitions:
Flood Hazard Map - A flood  hazard map is a spe c ific  type  of flood  m ap that id e ntifie s the  are a flood e d  for the  1:100 d e sign flood , and d ivid e s that flood  hazard are a into floodway and
flood  fringe  zone s. Flood hazard m aps can also show ad d itional flood  hazard inform ation, inc lud ing the  incre m e ntal are as at risk for m ore  se ve re  flood s like  the  1:200 and 1:500 flood s.
Flood  hazard m aps are  typic ally use d  for long-te rm flood  hazard are a m anage m e nt and land-use  planning.
Design Flood - The  d e sign flood  standard in Albe rta is the  1:100 flood , whic h is a flood  that has a 1% c hanc e  of be ing e q uale d  or e xc e e d e d  in any give n ye ar. The  d e sign flood is
typic ally base d on the  1:100 ope n wate r flood , but it c an also re fle ct 1:100 ic e  jam  flood  le ve ls or be  base d  on a historic al flood  e ve nt. Diffe re nt size d  flood s have  d iffe re nt c hanc e s of
oc curring – for e xam ple , a 1:200 flood  has a 0.5% c hanc e  of oc curring in any give n ye ar and a 1:500 flood  has a 0.2% c hanc e  of oc curring in any give n ye ar – but only the  1:100
d e sign flood  is use d  to d e fine  the  flood way and flood  fringe  zone s on flood  hazard m aps.
Floodway - Whe n a flood way is first d e fine d  on a flood  hazard map, it typically re pre se nts the  are a of highe st flood  hazard whe re  flows are  d e e pe st, faste st, and m ost d e structive
during the  1:100 d e sign flood . Whe n a flood  hazard m ap is update d , the  flood way will not ge t large r in m ost c ircum stanc e s to maintain long-te rm re gulatory c e rtainty, e ve n if the  flood
hazard are a ge ts large r or d e sign flood  le ve ls ge t highe r.
Flood Fringe - The  flood  fringe  is the  are a outsid e  of the  flood way that is flood e d  or c ould  be  flood e d  d uring the  1:100 d e sign flood . The  flood  fringe  typic ally re pre se nts are as with
shallowe r, slowe r, and le ss d e structive  flood ing, but it m ay also inc lud e  “high hazard flood  fringe ” are as. Are as at risk of flood ing be hind  flood  be rm s m ay also be  m appe d  as “prote cte d
flood  fringe ” are as.
High Hazard Flood Fringe - The  high hazard flood  fringe  id e ntifie s areas within the  flood  fringe  with d e e pe r or faster m oving wate r than the  re st of the  flood  fringe . High hazard flood
fringe  are as are  like ly to be  m ost significant for flood  m aps that are  be ing update d , but the y m ay also be  inc lud e d  in ne w flood  maps.
Protected Flood Fringe - The  prote c te d  flood  fringe  id e ntifie s are as that c ould  be  flood e d  if d e d icate d  flood  be rm s fail or d o not work as d e signe d  d uring the  1:100 d e sign flood , e ve n
if the y are not ove rtoppe d. Prote c te d flood  fringe  are as are  part of the  flood  fringe  and d o not d iffe re ntiate  be twe e n are as with d e e pe r or faster m oving wate r and shallowe r or slowe r
m oving wate r.

References:
Data obtaine d  from  AltaLIS © Gove rnm e nt of
Albe rta and Ge oBase ® use d  und e r lic e nse .
Ae rial im age ry ac q uire d  by OGL Engine e ring on
Se pte m be r 4, 2020 for Albe rta Environm e nt and
Parks.
Ad d itional Base  Mapping available  ESRI Base
Mapping and Im age ry Se rvic e s.
Sourc e s: Esri, HERE, Garm in, Inte rm ap,
incre m e nt P Corp., GEBCO, USGS, FAO, N PS,
N RCAN , Ge oBase , IGN , Kadaste r N L, Ord nanc e
Surve y, Esri Japan, METI, Esri China (Hong
Kong), (c) Ope nStre e tMap c ontributors, and the
GIS Use r Com m unity
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References:  Data obtained from GeoBase® used under license. Imagery (September
2020) obtained from Alberta Environment and Parks used under license.

Service Layer Credits: Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS
user community.
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References:  Data obtained from GeoBase® used under license. Imagery (September
2020) obtained from Alberta Environment and Parks used under license.
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References:  Data obtained from GeoBase® used under license. Imagery (September
2020) obtained from Alberta Environment and Parks used under license.
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References:  Data obtained from GeoBase® used under license. Imagery (September
2020) obtained from Alberta Environment and Parks used under license.

Service Layer Credits: Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS
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References:  Data obtained from GeoBase® used under license. Imagery (September
2020) obtained from Alberta Environment and Parks used under license.

Service Layer Credits: Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS
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