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Executive Summary 

Alberta Environment and Protected Areas (EPA) commissioned WSP Canda Inc. (WSP) in September 2020 to 
conduct the Marten Beach Flood Hazard Study (the study). The purpose of the study is to assess and identify 

river and flood hazards along Marten Creek and Unnamed Tributary through the Marten Beach and adjacent 
areas. The study is part of the provincial Flood Hazard Identification Program (FHIP), the goals of which include 
enhancement of public safety and reduction of future flood damages through the identification of river and flood 

hazards. Project stakeholders include the Government of Alberta, the Municipal District of Lesser Slave River 

No. 124 (MDLSR) and the general public. 

This report documents the methodology and results of all components of the study. The study tasks include the 

following: 

 field survey

 hydrology assessment

 flood history documentation

 HEC-RAS 2D model creation, calibration, and validation

 open water flood frequency modelling and profile creation

 model sensitivity analysis

 flood inundation mapping

 flood hazard mapping

The total length of Marten Creek study reach is approximately 3.2 km, extending upstream from its mouth at 
Lesser Slave Lake. An Unnamed Tributary to Marten Creek was also included, with a reach length of 

approximately 1.3 km within the study area. A small portion of Lesser Slave Lake was included in the model to 
enable definition of a reasonable downstream boundary condition and to account for backwater effects from 
Lesser Slave Lake into Marten Creek. The survey was completed in October 2020. There is one bridge in the 

study area, and no designated flood control structures. 

A hydrology assessment was completed to provide a) flood peak flow estimates at key locations in the study area 

and b) Lesser Slave Lake water levels as boundary conditions inputs to the hydraulic model. 

A HEC-RAS 2D model was constructed using surveyed river cross-sections data, surveyed hydraulic structure 

data and topographic LiDAR data. The selected Manning’s n values for the channel, roadways, and floodplain are 
0.025, 0.03, and 0.07, respectively. The calibrated model was used to simulate the water surface profiles for the 
2-, 5-, 10-, 20-, 35-, 50-, 75-, 100-, 200-, 350-, 500-, 750- and 1,000-year flood events in the study area. The 

model was validated by comparing the various flood simulations against highwater mark data collected by EPA for 

the 2011, 2018, and 2019 flood events. 

The model sensitivity was evaluated using the 100-year flood simulation results. The results of the sensitivity 
analysis show that variation of the main channel roughness values has a higher influence on the simulated water 

levels than variation of the floodplain roughness values along Marten Creek and the Unnamed Tributary. 
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Flood inundation and hazard maps were prepared for the study reaches of Marten Creek and the Unnamed 
Tributary using ArcGIS. The HEC-RAS 2D model produced a continuous water surface of directly inundated areas 

for each simulated flood event. Direct inundation areas refer to where there is a direct connection between the 
main river channels and inundated areas on the floodplains. This includes areas where inundation is caused by 

single or multiple topographic or structural overtopping points or backwater flooding. 

Based on the simulation results, the main residential and/or commercial development areas that would be flooded 

within the study area have been identified as follows: 

 Residential areas south of Poplar Crescent along Pine Drive, Marten Drive, and connected roads on the 

north side of Marten Creek. 

 Residential areas south of Marten Creek north of Lesser Slave Lake Provincial Park. 

The floodway was defined based on the 1 m depth and 1 m/s velocity criteria. The results of the design flood 
hazard mapping are the delineation of the floodway and flood fringe zones including high hazard flood fringe 

areas.  
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1.0 INTRODUCTION 

1.1 Study Objectives 
Alberta Environment and Protected Areas (EPA) commissioned WSP Canada Inc. (WSP) in September 2020 to 
conduct the Marten Beach Flood Hazard Study (the study). The purpose of the study is to assess and identify 
river and flood hazards along Marten Creek and Unnamed Tributary through the Marten Beach and adjacent 

areas (Figure 1). The study is part of the provincial Flood Hazard Identification Program (FHIP), the goals of which 
include enhancement of public safety and reduction of future flood damages through the identification of river and 
flood hazards. Project stakeholders include the Government of Alberta, the Municipal District of Lesser Slave 

River No. 124 (MDLSR) and the general public. 

This report documents the methodology and results of all components of the study. The study tasks include the 

following: 

 field survey 

 hydrology assessment 

 flood history documentation 

 HEC-RAS 2D model creation, calibration, and validation 

 open water flood frequency modelling and profile creation 

 model sensitivity analysis 

 flood inundation mapping 

 flood hazard mapping 

The total length of Marten Creek study reach is approximately 3.2 km from its mouth at Lesser Slave Lake. An 
Unnamed Tributary to Marten Creek was also included, with a reach length of approximately 1.3 km within the 
study area. A small portion of Lesser Slave Lake was included in the model to enable definition of a reasonable 

downstream boundary condition and to account for backwater effects from Lesser Slave Lake into Marten Creek. 
The survey was completed in October 2020. There is one bridge in the study area, and there are no designated 

flood control structures. 

1.2 Study Area 
The study area includes a 3.2 km reach of Marten Creek and a 1.3 km reach of an Unnamed Tributary (see 

Figure 1). The study reaches are summarized in Table 1. 

Table 1: River Reaches in the Study Area 

River Description Length 

Marten Creek From the study area boundary to the confluence of Marten Creek with Lesser Slave Lake 3.2 km 

Unnamed Tributary From the study are boundary to the confluence of the Unnamed Tributary with Marten Creek 1.3 km 
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1.3 Work Scope 
The scope of the study includes the following: 

 documentation of flooding history 

 summary of available data 

 documentation of river and valley features 

 model setup 

 model calibration and validation 

 generation of open-water flood frequency profiles 

 model sensitivity analysis 

 open water flood inundation mapping 

 open water flood hazard mapping 

2.0 FLOODING HISTORY 

2.1 General Information 
Marten Creek originates at the Marten Lakes and flows for approximately 23 km in a south-westerly direction to its 

confluence into Lesser Slave Lake at Marten Beach. The hamlet of Marten Beach is situated on the Marten Creek 
alluvial fan. The creek’s watershed is primarily forested, with a drainage area of 235 km2 and a mean elevation of 

828 m above sea level. 

Marten Creek at Marten Beach is fed by a catchment upstream of Highway 88 and the Unnamed Tributary (locally 
known as Brady Creek) with a drainage area of 31.3 km2 that joins Marten Creek immediately upstream of Range 

Road 65A. The Marten Creek headwaters are at Marten Lakes located approximately 23 km upstream of Marten 

Beach. 

2.2 Open Water Floods 
Marten Beach has historically been subject to flooding from Marten Creek due to extreme rainfall events. 
Significant floods were recorded in 1978, 1987, 1988, 1996, 2011, 2018, and most recently in July 2019 
(Golder 2019). The largest flood event, according to accounts by the Municipal District of Lesser Slave River 

No. 124 (the MD), was the July 2019 flood event. 

2.3 Ice Jam Floods 
Based on a review of available documents, ice jams are not a significant source of flooding within the study area. 
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3.0 AVAILABLE DOCUMENTS AND DATA 

3.1 Hydrology Summary 
The flood frequency estimates of peak flows for Marten Creek and the flood frequency estimates of water levels in 

Lesser Slave Lake are documented in Appendix A. These estimates are summarized in Table 2 and Table 3. 

Table 2: Recommended Flood Frequency Estimates and their 95% Confidence Interval 

Return 
Period 
(Years) 

Marten Creek at Marten Beach 
Marten Creek upstream of the confluence with the 

Unnamed Tributary Creek 

Peak Flow 
(m3/s) 

95% Lower Bound 
(m3/s) 

95% Upper Bound 
(m3/s) 

Peak Flow 
(m3/s) 

95% Lower Bound 
(m3/s) 

95% Upper Bound 
(m3/s) 

2 42.7 34.3 53.1 37.3 29.9 46.3 

5 87.3 70.9 110 77.7 63.0 97.6 

10 123 99.1 165 111 89.2 149 

20 161 126 234 147 114 213 

35 193 145 301 177 133 276 

50 214 155 349 197 143 322 

75 239 167 410 222 154 380 

100 257 174 457 239 162 426 

200 302 190 590 284 178 554 

350 339 201 717 321 190 678 

500 363 207 810 345 197 769 

750 391 214 928 373 204 885 

1,000 411 218 1,020 393 209 976 

 

Table 3: Estimated Flood Peak Water Levels for Lesser Slave Lake and their 95% Confidence Interval 

Return Period 
(Years) 

Peak Level 
(m) 

95% Lower Bound 
(m) 

95% Upper Bound 
(m) 

2 577.01 576.88 577.19 

5 577.47 577.23 577.72 

10 577.77 577.43 578.06 

20 578.05 577.63 578.37 

35 578.27 577.78 578.62 

50 578.41 577.87 578.77 

75 578.57 577.97 578.94 

100 578.69 578.03 579.06 

200 578.96 578.19 579.35 

350 579.18 578.31 579.60 

500 579.32 578.39 579.76 

750 579.48 578.47 579.94 

1,000 579.60 578.52 580.08 
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3.2 DTM Data 
The detailed Digital Terrain Model (DTM) for the study area was provided by EPA. It was developed from a 2020 
LiDAR survey and is available as a gridded raster with 0.5 m resolution as well as ESRI Terrain and LAS files. 

The DTM was delivered in the local study area coordinate system and datum (3TM 114˚, NAD83 CSRS). 

3.3 Survey Data 
The survey of stream cross sections, hydraulic structures, and flood control structures within the study area was 
conducted between October 12, 2020 and October 15, 2020. Water levels and flow were measured along Marten 

Creek; however, it is not expected that this information will be suitable to support hydraulic model calibration as 

the water levels and flow were very low. 

3.4 Procedures and Methodology 
3.4.1 Topographic, Bathymetric, and Structure Surveys 

The following survey equipment were used to collect the topographic, bathymetric, and structure data for this 

study: 

a) Real-time Kinematic (RTK) GPS – Trimble R8® and R10® RTK units were used to survey ground features 

and stream bed levels in the areas where hydraulic conditions allowed the surveyors to wade the channel. 

The RTK units were also used to survey the control points and benchmarks found within the study area. 

b) Remotely Operated Vehicle (ROV) with SonarMite Echo Sounder – A Seafloor SonarMite echo sounder 
was used on a Seafloor Hydrone remotely operated vehicle in combination with an RTK unit to survey the 

stream bed in the areas where water was too deep or too fast flowing to wade. 

All survey data collected in this study was referenced to the Alberta Survey Control Network using Alberta Survey 
Control Markers (ASCMs). An RTK base station was set up over temporary benchmarks at various locations and 

calibrated to an ASCM that was close to the study reach or a WSP-established temporary benchmark that had 

been tied to an ASCM. 

The survey data was acquired by RTK rover units with pre-loaded geoid files. The RTK data output for this study 
provides orthometric elevations with correct northing and easting coordinates. All survey data was collected in the 
3TM coordinate system with the Meridian at 114° W and referenced to NAD83 (CSRS) horizontal and CGVD28 

vertical datum. Ellipsoidal heights are transformed to CGVD28 orthometric heights using the HTv2.0 geoid model. 

Each survey point collected using the RTK utilized a schematic of survey point codes and corresponding locations 

as shown in Figure 2, which also includes a complete list of survey codes for the RTK. 

The quality and accuracy of all survey data was checked by using a Trimble data extraction and processing tool. 

All survey data was imported into ArcGIS to allow for validation and further processing. Data with horizontal or 
vertical accuracies of greater than ±0.05 m was rejected. Daily quality and accuracy checks were conducted in the 
office. In cases where multiple points with low accuracy were detected at a cross section, the survey crew 

repeated that survey the next day. 

A map of all collected survey points are summarized in Figure 3. 
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Figure 2:  Schematic of Survey Point Locations and Code Descriptions 
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Channel Cross Section Surveys 

The field data was collected by surveying channel cross sections approximately perpendicular to the direction of 

the flow. The study reaches within Marten Creek and the Unnamed Tributary were surveyed by wading. For some 

cross sections where the water was too deep to wade, a remotely operated vehicle (ROV) was used. 

The following procedures were applied when carrying out a bathymetric survey by wading: 

 Set up the RTK-GPS base station since Can-net coverage was not available for the study area or did not 

provide sufficient accuracy. 

 RTK rover units were used to collect cross-sectional information from a location approximately 2 to 5 m 

beyond the top of bank on one side of the channel to a location approximately 2 to 5 m beyond the top of 
bank on the other side. A minimum of 20 points were established across the channel and care was taken to 

reference points where the transverse bed slope changed significantly. 

 Special attention was paid to surveying topographic slope breaks along the banks. 

 All surveyed data points were attributed with field codes that described substrate and vegetation types. 

 The water surface elevation was surveyed where the water had contact with the banks. 

The following procedures were applied when carrying out a bathymetric survey by ROV: 

 Set up the RTK-GPS base station since Can-net coverage was not available for the study area or did not 

provide sufficient accuracy. 

 Mount the SonarMite onto the frame on the Hydrone ROV. 

 Place the RTK-GPS unit on top of the SonarMite mount and measure the offset to the water surface. 

 Connect both SonarMite and RTK-GPS units to a data collector with Bluetooth transmission capability and 

use a field laptop or Trimble data collector for data collection. 

For each day when the ROV was used, a calibration was performed to correct the water depth measurements. 
This was conducted by placing the ROV over a relatively flat riverbed, measuring the water depth and surveying 

the same point with the RTK unit. The elevation correction was then applied in the office. 

Hydraulic Structures 

There is one hydraulic structure within the study area that could affect channel conveyance and water levels, a 

bridge at Range Road 65A. The surveyed features of the bridge include the following: 

 length of span (corner points, abutment-to-abutment) 

 width of bridge (corner points, outside-to-outside) 

 top of curb or solid guard rail elevations 

 low chord elevations 

 number and width of piers 

 location of piers and the distance of each pier relative to the abutment 
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 type of piers (e.g., concrete, pile bent) 

 shape of pier (e.g., round nose, wedge-shaped, circular) 

 top of roadway (or path) profile 

The hydraulic structure was surveyed using RTK-GPS and measuring tape. Geo-located photos of the structure 

were taken during the survey. 

Flood Control Structures 

There were no dedicated flood control structures identified within the Marten Beach study area during the site 

inspection in October 2020. A letter confirming the absence of flood control structures within the Marten Beach 

study area is provided in Appendix B. 

3.4.2 Flow and Water Level Measurements 

Water levels along the Marten Beach study reach were measured during the survey to support the low-flow 

hydraulic model calibration. 

One flow measurement was completed along Marten Creek downstream of the Unnamed Tributary confluence. 

A flow was not measured along the Unnamed Tributary due to insufficient flow depth. 

The flow measurement was performed by wading the Marten Creek channel with a handheld Acoustic Doppler 

Velocimeter (Sontek FlowTracker2® ADV) and top-set wading rod in accordance with standard Water Survey of 
Canada protocols. This includes: (i) selecting a suitable measurement location; (ii) choosing an even number of 
transects with equal left bank to right transects and right bank to left transects; and (iii) ensuring that the data set 

of each transect is within a maximum standard deviation of five percent. The measurement procedure involved 

the following: 

 Survey points were selected to result in a minimum of 20 panels (flow segments across the stream thus 

requiring a minimum of 21 velocity measurement points). 

 Velocity readings were taken at 0.6 of the total depth at measurement locations since flow depth was less 

than 1.0 m in all cases. 

 Survey points were selected such that no panel flow exceeded 10 percent of the total flow. 

A flow measurement was conducted along Marten Creek downstream of the Unnamed Tributary on October 14, 

2020 and yielded 0.65 m3/s. Upstream of the Marten Creek and Unnamed Tributary Confluence, it was assumed 

that 80% of the flow originates from Marten Creek and 20% of the flow originates from the Unnamed Tributary. 

3.5 Cross Sections 
The survey of Marten Creek included an approximately 3.2 km reach along Marten Creek starting at Lesser Slave 
Lake and an approximately 1.3 km reach along the Unnamed Tributary starting at the confluence with Marten 

Creek. A summary of the surveyed channel cross sections is provided in Table 4. 
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Table 4:  Surveyed Channel Cross Sections within the Study Area 

Waterbody Reach Description 
Number of 

Cross Sections 
Average Spacing 

Between Cross Sections 
Year of 
Survey 

Marten Creek 
1.7 km upstream of Range Road 65A bridge 
to confluence with Lesser Slave Lake 

32 101 m 2020 

Unnamed Tributary 
1.3 km upstream of confluence with Marten 
Creek 

7 182 m 2020 

 

3.6 Existing Models 
The existing hydraulic model for the study area is listed in Table 5. 

Table 5:  Existing Hydraulic Model for the Study Area 

No. Report Program Used Date Author 

1 
Marten River Flood Mitigation Engineering 
Preliminary Design Report 

HEC-RAS 2D September 30, 2019 Golder Associates Ltd. 

 

3.7 Highwater Marks 
Highwater marks for open-water flooding are available as outlined in Table 6. 

Table 6:  Flood Events for which Highwater Marks have been Recorded 

Flood Event Number of Highwater Marks Contributing Agency 

2011 17 Government of Alberta 

2018 13 Government of Alberta 

2019 23 Government of Alberta 

 

3.8 Gauging Station Data and Rating Curves 
There are no Water Survey of Canada gauging stations located along Marten Creek or the Unnamed Tributary. 

There is a Water Survey of Canada gauging station located on Lesser Slave Lake (Station No. 07BJ006, Lesser 

Slave Lake at Slave Lake). 

3.9 Flood Photography 
The MDLSR collected flood photography during some of the more recent flood events. Photographs are available 

from the MDLSR for the flood events in Table 7. 

Table 7:  Available Flood Photography of Open Water Flooding in the Study Area 

No. Description Flood Event Source 

1 Photographs of Marten Beach taken during the 2011 flood 2011 MDLSR 

2 Photographs of Marten Beach taken during the 2018 flood 2018 MDLSR 

3 Photographs of Marten Beach taken during the 2019 flood 2019 MDLSR 
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3.10 Aerial Imagery 
EPA provided the recent aerial imagery (obtained in September 2020) for the Marten Beach Flood Study that was 

used for preparing the flood inundation as well as flood criteria and hazard maps. 

4.0 RIVER AND VALLEY FEATURES 

4.1 General Description 
Terrain throughout the Marten Creek watershed is primarily coniferous forest, including active logging areas. The 
source of flow for Marten Creek includes a catchment upstream of Highway 88 and the Unnamed Tributary 

sub-catchment, which joins Marten Creek immediately upstream of Range Road 65A. 

4.2 Channel and Floodplain Characteristics 
Channel Characteristics 

The channels of Marten Creek and the Unnamed Tributary are characterized by high sinuosity throughout the 
study area. The Marten River gradient decreases on the alluvial fan downstream of the Range Road 65A bridge, 
on which the hamlet of Marten Beach is situated. There is historic and recent evidence of avulsion along 

Marten Creek in Marten Beach, indicated by the presence of abandoned oxbows and recent cut-offs. Alluvium 

deposits from Marten Creek can be observed forming sandbars at stream bends. 

Floodplain Characteristics 

In the study area, much of the Marten Creek floodplain consists of residential properties. Overtopping of 
Marten Creek results in the development of drainage paths on streets and in ditches for less severe floods, and 

wide-spread inundation for more severe floods. High flows in the Unnamed Tributary have been observed to 
cause overtopping of Range Road 65A south of the bridge. Flooding in Marten Beach is also influenced by 

backwater effects from water levels in Lesser Slave Lake. 

4.3 Bridges, Culverts, and Weirs 
There is one bridge within the study area, where Range Road 65A crosses Marten Creek. It is supported with two 

sets of piers. 

4.4 Flood Control Structures 
There are no flood control structures within the study area. 

5.0 HYDRAULIC MODELLING 

5.1 HEC-RAS 2D Program 
5.1.1 Description 

The HEC-RAS 2D program (Version 6.4.1) was used as the software platform for developing the two-dimensional 

hydraulic models in the study area. The HEC-RAS 2D program was developed by the Hydrologic Engineering 
Center (HEC) of the U.S. Army Corps of Engineers (USACE). The River Analysis System (RAS) software has a 
graphical user interface, separate hydraulic analysis components, data storage and management capabilities, and 

graphics and reporting facilities. HEC-RAS 2D is a commonly used program in North America and around the 

world (USACE 2021). 
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The HEC-RAS 2D program can perform unsteady two-dimensional hydrodynamic routing using Diffusion Wave 
Equations or Shallow Water Equations by solving an implicit finite volume solution algorithm, producing detailed 

hydraulic property tables for computational cells and cell faces. 

5.1.2 General Model Setup 

Reaches 

The entirety of the study area is included in the model setup, including Marten Creek, the Unnamed Tributary, and 

approximately 2.3 km of shoreline along Lesser Slave Lake. The reaches are specified in Table 8 and shown in 

Figure 4. 

Table 8:  Reaches in the Hydraulic Model 

River Reach Length 

Marten Creek Marten Creek 3.2 km 

Unnamed Tributary Unnamed Tributary 1.3 km 

 

Integrated DEM 

The collected survey data along Marten Creek and the Unnamed Tributary were used to create an integrated 

DEM that included both topographic and interpolated bathymetric surfaces using a WSP-developed interpolation 
tool. The tool uses an anisotropic interpolation method which considers the curvature of the thalweg, the left and 
right edges of the water along the banks, and integrates with bare-earth LiDAR to form an integrated DEM. 

Survey data collected along the beaches of Lesser Slave Lake were used to create an approximate lake shore 

surface, which was also integrated into the DEM. 

Boundary Conditions 

The HEC-RAS 2D model requires specification of boundary condition at all open and internal boundaries. The 

open boundaries specified in the hydraulic models are as follows: 

 Channel bed slope and inflow at the upstream end of the Marten Creek study reach. 

 Channel bed slope and inflow at the upstream end of the Unnamed Tributary reach. 

 Water level at the downstream end of the study area in Lesser Slave Lake. 

A schematic showing the model setup is shown in Figure 4. 
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5.2 Geometric Data Base 
5.2.1 Integrated DEM 

The integrated DEM includes coverage of the full study reaches of Marten Creek and the Unnamed Tributary at a 

0.5 m resolution. It was generated based on survey data collected in 2021 and LiDAR data collected in 2020. The 

HEC-RAS 2D model was created by directly importing the integrated DEM. 

5.2.2 Roughness Distribution 

Three roughness classes were defined for the study area: channel, roadway, and floodplain. The left and right 

banks defining the main channel were based on the 2020 LiDAR data, 2020 aerial imagery and survey data. 

Roadways were delineated based on aerial imagery. The roughness distribution is shown in Figure 5. 

The initial roughness values assigned to the classes are provided in Table 9. These initial values were selected 
based on literature and professional judgement. The roughness values were implemented into the HEC-RAS 2D 

model and adjusted during model calibration (see Section 5.3.3). 

Table 9:  Initial Roughness Estimates (from Golder 2019) 

Element Roughness 

Channel 0.035 

Floodplain (including roadways) 0.100 

 

5.2.3 Bridges 

The bridge geometry implemented in the HEC-RAS model was defined based on the following data: 

 River and bridge survey completed in 2020 

 As-built drawings provided by Alberta Transportation (AT) 

Only one bridge exists within the study area, the Range Road 65A bridge, and is represented in the HEC-RAS 2D 
model. Losses through bridges are calculated in the model using the energy equation (i.e., standard step 

method). The 2D flow modelling capabilities within HEC-RAS 2D allows the bridge deck and pier geometry to be 

positionally defined relative to the bridge centreline. 

5.2.4 Flood Control Structures 

There are no dedicated flood control structures within the Marten Beach study area. 
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5.3 Model Calibration and Validation 
5.3.1 Methodology 

Manning’s n values for the channel, roadways, and floodplain are the parameters used in calibrating the 

HEC-RAS 2D model. The Manning’s n value is a composite empirical parameter which may decrease with 
increased water depth. Selection of initial Manning’s n values included consideration of stream bed and bank 
materials, vegetation cover, site information collected during the field inspection, aerial imagery, and WSP’s 

experience with previous hydraulic modelling studies. Model calibration was conducted based on pertinent 
highwater mark elevations from recent flood events and associated water level data for Lesser Slave Lake. 
Highwater mark elevations were provided by EPA for the 2011, 2018, and 2019 flood events. The associated 

water levels in Lesser Slave Lake for these flood events were 577.51 m, 577.25 m, and 577.12 m, respectively. 
Water levels in the lake were acquired from the Water Survey of Canada hydrometric station, Lesser Slave Lake 
at Lesser Slave Lake (07BJ006). It was assumed that there was no difference in lake water levels between the 

gauge location and the study area. 

Since there is no hydrometric data available for Marten Creek during the past flood events, the following 

calibration methodology was adopted: 

1) The HEC-RAS 2D model was run for the 2-, 5-, 10-, 20-, 35-, 50-, 75-, and 100-year flood events using lake 

water level data associated with each of the 2011, 2018, and 2019 flood events. 

2) The available highwater marks were compared to modelled water levels to select the nearest applicable 

modelled flood event. 

3) Manning’s n was changed and the models re-run to improve the alignment of the model with the highwater 

mark data. Roughness values were kept within a reasonable range suitable for the observed land cover. 

5.3.2 Low Flow Calibration 

A measurement of flow in Marten Creek was conducted on October 14, 2020. The model was calibrated to the 
measured flow (0.65 m3/s), split between Marten Creek (80% of flow) and the Unnamed Tributary (20% of flow) 

(Section 3.4.2). Water level at Lesser Slave Lake was measured during the survey as 577.22 m. Calibration was 

conducted using average water surface elevations for cross-sections measured on October 14, 2020. 

The resulting channel roughness value (n=0.06) resulted in an average difference between the modelled and 
measured water surface elevations of less than 1 cm. This channel roughness was however judged to be too high 
to be used during high flow simulations. A comparison of the simulated and surveyed water levels for the low-flow 

calibration is shown in Figure 6. 
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Figure 6:  Comparison of Simulated Water Surface Profiles with Surveyed Water Levels for the Low Flow Condition 
(Calibrated to Low Flow conditions) 
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5.3.3 High Flow Calibration 

Initial roughness values were used to simulate the 2- to 1000-year flood events. Those flood water level surfaces 

were then compared against the 2011, 2018, and 2018 highwater mark sets. It was determined that the initial 
roughness values were too high and overly conservative, as the comparisons suggested that all three flood 
events corresponded with a 2-year or more frequent flood event. Based on professional judgement, the 

roughness values were adjusted (lowered) for the main channel, roadway and overbank areas to 0.025, 0.03, and 
0.07, respectively. This adjusted calibration yielded highwater mark and simulated flood water level surface 
comparisons that are summarized in Table 10. The available highwater marks are presented in a map in 

Appendix C. A comparison of highwater mark and simulated water levels is listed in detail in a table in 
Appendix C. Data pertaining to the 2011 flood were found to be unreliable and, as such, were not considered for 

calibration. 

Table 10:  Calibration Summary 

Observed Flood Comparative Flood Event 
Average Difference 

(m) 
Maximum Difference 

(m) 

2011 1:2-year flood 0.71 1.05 

2018 1:5-year flood 0.32 0.55 

2019 1:5-year flood 0.00 -0.29 

 

While the adjusted calibration suggests that the 2011, 2018 and 2019 flood events are fairly frequent (2- to 5-year 

recurrence intervals), it is unlikely that roughness values should be reduced further as they would fall outside the 

bounds of applicability for the site conditions within the Marten Beach study area. 

5.3.4 Gauge Data and Rating Curves 

No Water Survey of Canada gauges exist along Marten Creek or the Unnamed Tributary. 
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5.4 Model Parameters 
5.4.1 Selected Roughness Values 

The calibrated Manning’s n values are summarized in Table 11. 

Table 11:  Calibrated Channel Roughness Values for High Flow Conditions 

Region Calibrated Manning’s n Value 

Channel 0.025 

Roadways 0.03 

Floodplain 0.07 

 

5.4.2 Expansion and Contraction Coefficients 

The contraction and expansion coefficients used in modelling the Range Road 65A bridge were 0.1 and 0.3, 

respectively, which are the standard values for bridge crossings. 

5.4.3 Boundary Conditions 

Upstream boundary conditions for the model include flow rate and river channel slope. Flow rate at the upstream 
boundary of Marten Creek is the flood peak flow at Marten Creek upstream of the confluence with the Unnamed 

Tributary Creek; and flow rate at the upstream boundary of Unnamed Tributary is the flow difference between 
Marten Creek at Marten Beach and upstream of the confluence with the Unnamed Tributary Creek (Table 2). The 

river channel slope assumed for Marten Creek and the Unnamed Tributary are 0.8% and 0.02%, respectively. 

The downstream boundary for the model is the water level in Lesser Slave Lake associated with the 

corresponding recurrence interval (Table 3). 

5.5 Open Water Flood Frequency Profiles 
5.5.1 Flood Profiles 

The calibrated HEC-RAS 2D model provides a reliable tool for simulating the flood profiles of the 2-, 5-, 10-, 20-, 
35-, 50-, 75-, 100-, 200-, 350-, 500-, 750- and 1,000-year flood events in the study area. Flood profiles are shown 

in Figure 7 and Figure 8 and are provided in tabular form in Appendix D. 
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Figure 7: Marten Creek Flood Profiles 
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Figure 8:  Unnamed Tributary Flood Profiles 
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5.5.2 Flow Over Range Road 65A 

During previous flood events, a portion of flow from the Unnamed Tributary has been observed spill over Range 

Road 65A south of the bridge. The amount of total flow spilling over Range Road 65A south of the bridge from the 

Unnamed Tributary is summarized in Table 12. 

Table 12:  Flow over Range Road 65A 

Return 
Period 

Total Flow (Marten Creek and 
Unnamed Tributary)  

(m3/s) 

Flow Under 
Range Road 65A 

Bridge (m3/s) 

Flow Spilling over 
Range Road 65A 

(m3/s) 

Percent of Flow Spilling 
over Range Road 65A South 

of Bridge 

2 42.7 42.7 0 0% 

5 87.3 87.3 0 0% 

10 123 122.9 0.1 0% 

20 161 157.4 3.6 2% 

35 193 177.1 15.9 8% 

50 214 187.4 26.6 12% 

75 239 196.8 42.2 18% 

100 257 202.2 54.8 21% 

200 302 213.1 88.9 29% 

350 339 221.2 117.8 35% 

500 363 225.6 137.4 38% 

750 391 231.8 159.2 41% 

1,000 411 235.2 175.8 43% 

 

5.6 Model Sensitivity 
5.6.1 Purpose 

Sensitivity analyses were conducted to evaluate the effects of changing model parameters on the simulated 
100-year flood water levels. The model parameters included in the sensitivity analyses were the downstream 

boundary condition and Manning’s n values for channels and floodplains (including roadway). The results of the 
sensitivity analyses were used to quantify the level of uncertainty associated with the simulated 100-year flood 

levels. 

In addition to water levels, inundated area has been used as a sensitivity metric. Approximately 0.44 km2 of the 
modelled area is permanently inundated (i.e., part of Lesser Slave Lake), approximated from aerial imagery. This 

area has been excluded from percentage increase/decrease in inundated area. 

5.6.2 Manning’s Roughness 

Channel Roughness 

The main channel Manning’s n values were increased and decreased by 10% for the sensitivity analysis. The 

results of the sensitivity analysis of the channel Manning’s n values are presented in Figures E.1a and E.1b in 
Appendix E. The average water level differences for increasing and decreasing the channel roughness compared 
to the base case are +0.02 m and -0.02 m along Marten Creek and +0.04 m and -0.04 m along the Unnamed 

Tributary, respectively. Increasing and decreasing the channel roughness also resulted in an increase and 
decrease of the total inundated area of +0.6% and ‐0.8%, respectively. 
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Floodplain Roughness 

The floodplain and roadway Manning’s n values were increased and decreased by 10% for the sensitivity 

analysis. The results of the sensitivity analysis of the channel Manning’s n values are presented in Figures E.2a 
and E.2b in Appendix E. The average water level differences for increasing and decreasing the floodplain and 
roadway roughnesses compared to the base case are +0.02 m and -0.02 m along Marten Creek and +0.01 m and 

-0.01 m along the Unnamed Tributary, respectively. Increasing and decreasing the floodplain and roadway 
roughnesses also resulted in an increase and decrease of the total inundated area of +0.9% and -0.9%, 

respectively. 

Channel and Floodplain Roughness 

All Manning’s n values were increased and decreased by 10% for the sensitivity analysis. The results of the 

sensitivity analysis of the channel Manning’s n values are presented in Figures E.3a and E.3b in Appendix E. The 
average water level differences for increasing and decreasing all roughnesses compared to the base case are 
+0.04 m and -0.05 m along Marten Creek and +0.04 m and -0.05 m along the Unnamed Tributary, respectively. 

Increasing and decreasing all roughnesses also resulted in an increase and decrease of the total inundated area 

of +1.4% and -1.5%, respectively. 

5.6.3 Boundary Conditions 

The downstream boundary condition (i.e., the water level in Lesser Slave Lake) was increased and decreased by 

20 cm for the sensitivity analysis. The results of the sensitivity analysis of the lake water level are presented in 
Figures E.4a and E.4b in Appendix E. The average water level differences compared to the base case are 
+0.03 and -0.02 m in Marten Creek for lake water level increases and decreases, respectively. Increasing and 

decreasing the lake water level also resulted in an increase and decrease of the total inundated area of +1.7% 
and -1.3%, respectively. There was no change in water levels along the Unnamed Tributary due to variation in 

water level in the lake. 

5.6.4 Summary 

The sensitivity analysis results are summarized in Table 13. 

Table 13: Summary of Sensitivity Analysis Results 

Sensitivity Metric 

Manning’s n Lesser Slave Lake 
Water Surface 

Elevation Channel Floodplain  Channel and Floodplain 

+10% -10% +10% -10% +10% -10% +0.2 m -0.2 m 

Inundation Area (%) +0.6% -0.8% +0.9% -0.9% +1.4% -1.5% +1.7% -1.3% 

Water Depth 
along Marten 
Creek (m) 

Maximum +0.06 +0.01 +0.04 - +0.08 - +0.20 - 

Minimum -0.01 -0.07 - -0.04 - -0.09 - -0.20 

Average +0.02 -0.02 +0.02 -0.02 +0.04 -0.05 +0.03 -0.02 

Water Depth 
along the 
Unnamed 
Tributary (m) 

Maximum +0.06 -0.01 +0.01 - +0.06 -0.02 - - 

Minimum +0.01 -0.06 - -0.02 +0.02 -0.06 - - 

Average +0.04 -0.04 +0.01 -0.01 +0.04 -0.05 - - 
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6.0 FLOOD INUNDATION MAPPING 

6.1 Methodology 
6.1.1 Map Preparation 

The flood inundation maps were prepared based on the following information: 

 the simulated water levels for the 2-, 5-, 10-, 20-, 35-, 50-, 75-, 100-, 200-, 350-, 500-, 750- and 1,000-year 
flood events 

 the LiDAR DTM 

There are no dedicated flood control structures within the study area, so no protected areas were identified. The 
inundation maps show the areas throughout the study area, including applicable segments of Marten Creek, the 
Unnamed Tributary, and Lesser Slave Lake. 

The general purpose of flood inundation maps is to show both direct flood inundation areas and areas at risk of 
flooding due to potential flood control structure failure, while the later is not applicable in this study area. 

The full set of open water flood inundation maps is provided in a separate document (Appendix F). 

6.1.2 Direct Flood Inundation Areas 

Direct flood inundation areas are identified either as being part of the actively-flowing creek channel or flooded 
overbank areas directly connected to the actively-flowing creek channel. The following general procedure was 
used in ArcGIS to develop the inundation extent for the 13 open water flood events: 

1) Flood inundation boundaries are exported from HEC-RAS 2D based on modelled water surface elevation 
and terrain data. 

2) Areas that are not directly connected to the main river channels are manually removed. Areas where there is 
no direct overland connection but a hydraulic connection through culverts or other features, may be included 
in the inundation extent. 

6.2 Flood Impacts 
The residential and commercial areas affected by direct inundation are described below. Detailed inundation 

maps are provided in a separate inundation map library document. 

 Residential areas south of Poplar Crescent along Pine Drive, Marten Drive, and connected roads on the 

north side of Marten Creek. 

 Residential areas south of Marten Creek north of Lesser Slave Lake Provincial Park. 

7.0 FLOODWAY DETERMINATION 

7.1 Design Flood 
The 100-year flood was selected as the open water design flood in accordance with the Flood Hazard 
Identification Program (FHIP) Guidelines (AENV, 2011). Flood Hazard Maps were prepared for the study area 
inclusive of Marten Creek and the Unnamed Tributary study reaches and the shoreline of Lesser Slave Lake. 

The design flood levels defined at 50 m stationing intervals, as shown in Figure D1 in Appendix D, are provided in 

Appendix G. 
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7.2 Floodway and Flood Fringe Terminology 
The flood hazard area is the area of land that will be flooded during the design flood event (i.e., 100-year flood). 
The flood hazard area is typically divided into two zones: floodway and flood fringe. Flood hazard maps can also 
show additional flood hazard information, including areas of high hazard within the flood fringe and incremental 

areas at risk for more severe floods such as the 200-year and 500-year floods. Flood hazard mapping is typically 
used for long-term flood hazard area management and land-use planning. The floodway and flood fringe zones 

are defined as follows: 

 Floodway: When a floodway is first defined on a flood hazard map, it typically represents the area of highest 

flood hazard where flows are deepest, fastest, and most destructive during the 100-year design flood. The 

floodway generally includes areas where the water is 1 m deep or greater and the local velocities are 1 m/s or 
faster. The floodway typically 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 (less than 1 m deep), slower (less than 1 m/s velocity), 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. 

7.3 Floodway Determination Criteria 
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. 

 For reaches of supercritical flow, the floodway boundary should correspond to the edge of inundation or the 

main channel, whichever is larger. 

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 will be 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. 
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The governing criteria for Marten Creek and the Unnamed Tributary were based on the depth and velocity criteria 
as presented on the Floodway Criteria Maps in Appendix H. As modelling was conducted using a 2D hydraulic 

approach, the flow velocity information was deemed to be reliable when compared against the standard 1D 

approach. 

7.4 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 provided in the Maps and Drawings section of this report show: 

 the extent of the 100-year design flood 

 areas meeting or exceeding the 1 m depth floodway determination criterion for the design flood 

 areas meeting or exceeding the 1 m/s velocity floodway determination criterion for the design flood 

 the floodway boundary for the open water design flood 

 background aerial imagery 

 roads, bridges, and flood control structures 

The open water design flood water surface elevations and flow velocities were generated from the calibrated 

HEC-RAS 2D model. 

Flood depth and flow velocities are output directly from the RAS Mapper tool of the HEC-RAS 2D model. 

The floodway boundary was delineated such that a hydraulically smooth floodway boundary was produced. The 

floodway criteria maps were produced using the same template as the inundation maps. The maps are provided 

in Appendix H. 

7.5 Flood Hazard Maps 
The flood hazard maps show the floodway and flood fringe for the design flood event. These maps have been 
developed in accordance with applicable provincial standards. The floodway was determined based on the 
floodway criteria. The extent of the flood fringe, beyond the floodway, corresponds to the extent of the design 

flood, including inundation due to potential flood control structure failure. All areas within the floodway boundary 
are shown as part of the floodway, even if the water levels of the design flood would not indicate a location as 
inundated (i.e., “islands” of dry ground within the floodway shown on the floodway criteria maps are not present on 

the flood hazard maps). 

The flood hazard maps were produced using the same template as the inundation maps. The maps are provided 

in Appendix I. 

7.6 Quantitative Climate Change Discussion 
A simplified climate change assessment was completed to quantify the effects on the 100-year flood water levels 

for both 10% and 20% peak flow increases for Marten Creek. Table 14 summarizes the average water level 

increases in Marten Creek and the Unnamed Tributary under the assumed climate change conditions. 
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It is acknowledged that this simplified analysis is not based on a regional climate change impacts assessment but 
are based on a basic assumption that climate change may result in increased flood peak flows. The presented 

values can be viewed as a general range of potential climate change “freeboard” values that could be considered 
in addition to the computed design flood water levels. The 10% and 20% flow increase scenarios would 
respectively result in 1.9% and 3.4% increases in inundated area for the 100-year flood scenario, excluding the 

roughly 0.44 km2 modelled area which is permanently inundated by Lesser Slave Lake. 

Table 14:  Effect of Increased Flows on Average Water Levels 

Watercourse 
Average Water Level Change for 10% Increase 

in 100-year Flood Peak Flow 
(m) 

Average Water Level Change for 20% Increase 
in 100-year Flood Peak Flow 

(m) 

Marten Creek 0.05 0.09 

Unnamed Tributary 0.02 0.07 

 

8.0 CONCLUSIONS 

8.1 Model Calibration 
The HEC-RAS 2D model for the study reach was calibrated based on the available highwater marks and lake 
level data. The calibrated HEC-RAS 2D model can be reliably used in this study for simulating various flood 

events with return periods ranging from 2 to 1,000 years. 

The channel Manning’s n roughness coefficient is the main model parameter used in calibrating the HEC-RAS 2D 

model. The calibrated Manning’s n values for the channel, roadways, and floodplain are 0.025, 0.03, and 0.07, 
respectively. These Manning’s n values are on the low end of typical ranges of roughness values but considered 

reasonable based on the model calibration (Chow 1959). 

8.2 Model Sensitivity 
Model sensitivity was evaluated using the 100-year flood simulation results. The results of the sensitivity analysis 
show that variation of the main channel roughness value has a higher influence on the simulated water levels than 
variation of the floodplain roughness values along Marten Creek and the Unnamed Tributary. A variation of the 

main channel and floodplain Manning’s n values by ±10% resulted in changes of the simulated water levels within 
0.09 m along Marten Creek and 0.06 m along the Unnamed Tributary. A variation of the water surface elevation in 

Lesser Slave Lake by ±0.20 m resulted in changes to inundated area within 1.7%. 

8.3 Flood Profiles 
The calibrated HEC-RAS 2D model provides a reliable tool for simulating the flood profiles of the 2-, 5-, 10-, 20-, 

35-, 50-, 75-, 100-, 200-, 350-, 500-, 750-, and 1,000-year flood events in the study area. 

8.4 Flood Inundation Mapping 
The simulated flood water levels were used to prepare flood inundation maps for the study area using ArcGIS. 
Based on the simulation results, the main residential and/or commercial development areas that would be flooded 

within the study area have been identified as follows: 

 Residential areas south of Poplar Crescent along Pine Drive, Marten Drive, and connected roads on the 

north side of Marten Creek. 

DRAFT

Classification: Public



October 20, 2023 20368087-R-Rev1 

 

 28 

 

 Residential areas south of Marten Creek north of Lesser Slave Lake Provincial Park. 

8.5 Flood Hazard Determination and Mapping 
The boundary between the floodway and flood fringe is determined using the calibrated HEC-RAS 2D model and 

in accordance with the current FHIP Guidelines. The results of the design flood hazard mapping are the 

delineation of the floodway and flood fringe zones and determination of the design flood water levels. 
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THIRD PARTY DISCLAIMER 
This report has been prepared by WSP Canada Inc. (formerly Golder) for the benefit of the client to whom it is 
addressed. The information and data contained herein represent WSP's best professional judgment in light of the 
knowledge and information available to WSP at the time of preparation. Except as required by law, this report and 

the information and data contained herein are to be treated as confidential and may be used and relied upon only 
by the client, its officers and employees. WSP denies any liability whatsoever to other parties who may obtain 
access to this report for any injury, loss or damage suffered by such parties arising from their use of, or reliance 

upon, this report or any of its contents without the express written consent of WSP and the client. 
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Table C.1: Comparison of Simulated Water Levels and Selected Surveyed Highwater Marks for the 2011 Flood Event 

Highwater Mark Simulated Water Level (m) 
Water Level Difference (m) 

(Simulated Water Level minus Highwater Mark Elevation) 

ID Water Level (m) 2-Year Flood 5-Year Flood 10-Year Flood 2-Year Flood 5-Year Flood 10-Year Flood 

A-1 579.72 - 580.44 580.94 - 0.72 1.22 

A-2 579.06 579.68 580.41 580.91 0.62 1.35 1.85 

A-3 578.92 - 580.39 580.89 - 1.47 1.98 

A-4 579.10 579.69 580.42 580.92 0.58 1.32 1.82 

A-5 579.07 579.58 580.12 580.38 0.51 1.05 1.31 

A-6 578.13 578.97 579.32 579.47 0.84 1.19 1.34 

A-7 578.18 578.96 579.31 579.46 0.78 1.13 1.28 

A-8 578.76 - 579.29 579.46 - 0.54 0.70 

A-9 578.72 - 579.29 579.45 - 0.58 0.73 

A-10 577.92 578.50 578.86 579.03 0.58 0.94 1.11 

A-11 577.45 578.50 578.86 579.03 1.05 1.41 1.58 

A-12 577.47 578.11 578.38 578.51 0.65 0.92 1.05 

A-13 577.15 578.00 578.29 578.44 0.85 1.14 1.29 

A-14 577.14 577.98 578.26 578.41 0.84 1.12 1.27 

A-15 577.52 577.98 578.25 578.40 0.46 0.73 0.88 

Average Difference: 0.71 1.04 1.29 

Note: 1) White columns indicate the most comparable flood event for model calibration 
 2) Absent values indicate locations which were not inundated for that particular flood simulation 
 3) Only relevant highwater marks used for calibration are included in the above table DRAFT
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Table C.2: Comparison of Simulated Water Levels and Selected Surveyed Highwater Marks for the 2018 Flood Event 

Highwater Mark Simulated Water Level (m) 
Water Level Difference (m) 

(Simulated Water Level minus Highwater Mark Elevation) 

ID Water Level (m) 2-Year Flood 5-Year Flood 10-Year Flood 2-Year Flood 5-Year Flood 10-Year Flood 

B-1 579.87 - 580.41 580.91 - 0.54 1.04 

B-2 579.86 579.68 580.41 580.91 -0.18 0.55 1.05 

B-3 579.38 - - 579.53 - - 0.15 

B-4 579.37 - 579.35 579.53 - -0.02 0.16 

B-5 579.32 - 579.35 579.53 - 0.03 0.21 

B-6 578.48 - 578.81 578.97 - 0.32 0.49 

B-7 578.46 - 578.78 578.94 - 0.32 0.48 

B-8 578.48 - 578.83 578.99 - 0.35 0.51 

B-9 578.24 578.32 578.75 578.90 0.08 0.52 0.66 

B-10 578.44 578.32 578.75 578.90 -0.12 0.31 0.46 

B-11 578.43 - 578.69 578.79 - 0.26 0.36 

Average Difference: -0.07 0.32 0.51 

Note: 1) White columns indicate the most comparable flood event for model calibration 
 2) Absent values indicate locations which were not inundated for that particular flood simulation 
 3) Only relevant highwater marks used for calibration are included in the above table 
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Table C.3: Comparison of Simulated Water Levels and Selected Surveyed Highwater Marks for the 2019 Flood Event 

Highwater Mark Simulated Water Level (m) 
Water Level Difference (m) 

(Simulated Water Level minus Highwater Mark Elevation) 

ID Water Level (m) 2-Year Flood 5-Year Flood 10-Year Flood 2-Year Flood 5-Year Flood 10-Year Flood 

C-1 580.72 - 580.43 580.93  - -0.29 0.21 

C-2 580.52 579.64 580.30 580.72 -0.88 -0.22 0.20 

C-3 580.58 - - 580.55 - - -0.03 

C-4 580.50 - - 580.37 - - -0.12 

C-5 580.10 579.53 580.03 580.26 -0.57 -0.07 0.16 

C-6 579.49 - 579.32 579.47 - -0.17 -0.01 

C-7 578.75 - 578.88 579.04 - 0.13 0.29 

C-8 578.68 - 578.83 578.99 - 0.15 0.31 

C-9 578.73 - 578.82 578.98 - 0.08 0.25 

C-10 578.74 - 578.80 578.96 - 0.06 0.22 

C-11 578.68 - 578.79 578.95 - 0.10 0.27 

C-12 578.74 578.32 578.76 578.91 -0.42 0.02 0.18 

C-13 578.72 578.32 578.75 578.90 -0.40 0.03 0.18 

C-14 578.66 - 578.73 578.86 - 0.07 0.20 

C-15 578.58 - 578.69 578.76 - 0.10 0.18 

Average Difference: -0.57 0.00 0.17 

Note: 1) White columns indicate the most comparable flood event for model calibration 
 2) Absent values indicate locations which were not inundated for that particular flood simulation 
 3) Only relevant highwater marks used for calibration are included in the above table DRAFT
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 D.2

 

Table D.1: Marten Creek Flood Profiles 

Station 

Channel 
Centerline 

Bed 
Elevation 

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 

750-year 
flood 

500-year 
flood 

1000-year 
flood 

0+000 576.46 577.11 577.52 577.80 578.06 578.28 578.42 578.58 578.69 578.96 579.18 579.32 579.48 579.60 

0+050 576.34 577.25 577.59 577.83 578.08 578.29 578.43 578.58 578.70 578.97 579.19 579.33 579.48 579.60 

0+100 576.54 577.47 577.74 577.93 578.14 578.33 578.45 578.61 578.72 578.98 579.20 579.33 579.49 579.61 

0+150 576.65 577.65 577.90 578.06 578.23 578.39 578.51 578.65 578.76 579.01 579.22 579.35 579.50 579.62 

0+200 576.87 577.77 578.01 578.15 578.30 578.44 578.55 578.68 578.79 579.03 579.23 579.36 579.51 579.63 

0+250 576.91 577.90 578.14 578.28 578.42 578.55 578.64 578.76 578.85 579.08 579.27 579.39 579.53 579.64 

0+300 576.69 577.97 578.25 578.41 578.55 578.67 578.76 578.87 578.95 579.16 579.33 579.44 579.57 579.68 

0+350 576.62 578.04 578.35 578.51 578.64 578.76 578.84 578.94 579.02 579.21 579.36 579.47 579.60 579.70 

0+400 576.62 578.11 578.42 578.57 578.70 578.81 578.88 578.98 579.05 579.23 579.38 579.48 579.61 579.70 

0+450 576.61 578.17 578.48 578.63 578.76 578.86 578.94 579.03 579.10 579.27 579.41 579.50 579.62 579.72 

0+500 576.79 578.23 578.56 578.71 578.84 578.94 579.01 579.09 579.16 579.31 579.45 579.54 579.65 579.74 

0+550 576.85 578.29 578.64 578.79 578.92 579.01 579.08 579.16 579.22 579.37 579.49 579.58 579.69 579.77 

0+600 576.78 578.35 578.71 578.87 578.99 579.08 579.15 579.22 579.28 579.42 579.55 579.63 579.73 579.81 

0+650 576.79 578.41 578.78 578.94 579.06 579.15 579.21 579.29 579.34 579.48 579.59 579.67 579.77 579.85 

0+700 576.75 578.46 578.85 579.01 579.14 579.23 579.29 579.36 579.41 579.54 579.65 579.73 579.82 579.89 

0+750 576.69 578.51 578.92 579.09 579.22 579.31 579.37 579.44 579.49 579.62 579.72 579.79 579.87 579.94 

0+800 576.77 578.56 578.97 579.14 579.26 579.35 579.41 579.48 579.53 579.65 579.75 579.82 579.90 579.97 

0+850 576.89 578.61 579.02 579.18 579.31 579.40 579.46 579.52 579.57 579.69 579.78 579.85 579.93 579.99 

0+900 576.97 578.70 579.12 579.27 579.39 579.47 579.53 579.59 579.64 579.75 579.84 579.90 579.98 580.04 

0+950 576.94 578.74 579.15 579.30 579.42 579.50 579.56 579.62 579.67 579.78 579.87 579.93 580.01 580.06 

1+000 577.01 578.77 579.17 579.31 579.43 579.51 579.57 579.64 579.68 579.79 579.88 579.94 580.02 580.08 

1+050 576.93 578.80 579.19 579.33 579.45 579.53 579.58 579.65 579.69 579.80 579.89 579.95 580.03 580.09 

1+100 577.01 578.84 579.23 579.36 579.47 579.55 579.60 579.67 579.71 579.82 579.91 579.97 580.04 580.10 

1+150 577.09 578.88 579.26 579.39 579.50 579.58 579.63 579.69 579.73 579.84 579.92 579.98 580.05 580.11 

1+200 577.12 578.91 579.29 579.41 579.51 579.59 579.64 579.70 579.74 579.84 579.93 579.98 580.05 580.11 

1+250 577.16 578.96 579.34 579.46 579.56 579.63 579.68 579.74 579.78 579.88 579.96 580.01 580.08 580.13 

1+300 577.26 579.03 579.44 579.57 579.67 579.73 579.78 579.83 579.87 579.96 580.04 580.09 580.15 580.19 

1+350 577.29 579.10 579.53 579.67 579.77 579.85 579.89 579.95 579.99 580.07 580.14 580.19 580.25 580.29 

1+400 577.41 579.16 579.61 579.77 579.89 579.97 580.02 580.07 580.11 580.20 580.27 580.31 580.36 580.40 

DRAFT

Classification: Public



Appendix D: Flood Profiles October 2023

 

 D.3

 

Table D.1: Marten Creek Flood Profiles 

Station 

Channel 
Centerline 

Bed 
Elevation 

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 

750-year 
flood 

500-year 
flood 

1000-year 
flood 

1+450 577.46 579.22 579.69 579.86 579.99 580.08 580.13 580.18 580.22 580.30 580.37 580.41 580.46 580.50 

1+500 577.50 579.28 579.76 579.95 580.09 580.17 580.22 580.28 580.32 580.40 580.47 580.51 580.56 580.59 

1+550 577.51 579.36 579.86 580.06 580.21 580.30 580.35 580.41 580.45 580.53 580.60 580.65 580.70 580.73 

1+600 577.58 579.40 579.90 580.11 580.26 580.35 580.40 580.46 580.50 580.58 580.65 580.70 580.75 580.78 

1+650 577.69 579.44 579.96 580.19 580.37 580.47 580.53 580.59 580.62 580.71 580.77 580.81 580.86 580.89 

1+660 577.70 579.45 579.98 580.22 580.41 580.51 580.57 580.63 580.66 580.75 580.81 580.85 580.90 580.93 

1+670 577.72 579.48 580.05 580.34 580.60 580.73 580.79 580.85 580.89 580.98 581.05 581.09 581.13 581.16 

1+680 577.73 579.52 580.18 580.61 581.06 581.24 581.32 581.39 581.44 581.55 581.62 581.66 581.70 581.73 

1+690 577.74 579.54 580.20 580.63 581.07 581.26 581.33 581.40 581.45 581.56 581.63 581.67 581.71 581.74 

1+700 577.76 579.55 580.22 580.65 581.09 581.27 581.35 581.42 581.47 581.57 581.64 581.68 581.73 581.76 

1+750 577.83 579.61 580.29 580.72 581.14 581.32 581.40 581.47 581.51 581.62 581.69 581.73 581.77 581.80 

1+800 577.86 579.64 580.33 580.76 581.17 581.34 581.42 581.49 581.54 581.64 581.71 581.75 581.79 581.82 

1+850 577.91 579.68 580.37 580.80 581.19 581.36 581.44 581.51 581.55 581.66 581.72 581.76 581.81 581.84 

1+900 577.96 579.72 580.43 580.86 581.24 581.40 581.48 581.55 581.60 581.70 581.77 581.82 581.86 581.89 

1+950 578.03 579.77 580.49 580.92 581.29 581.45 581.53 581.60 581.65 581.76 581.83 581.87 581.92 581.95 

2+000 578.07 579.82 580.54 580.97 581.33 581.49 581.56 581.64 581.68 581.79 581.87 581.91 581.96 581.99 

2+050 578.19 579.87 580.59 581.02 581.36 581.51 581.59 581.66 581.71 581.82 581.89 581.94 581.98 582.02 

2+100 578.35 579.90 580.63 581.05 581.38 581.54 581.61 581.68 581.73 581.84 581.91 581.96 582.00 582.04 

2+150 578.52 579.96 580.70 581.12 581.43 581.58 581.65 581.72 581.76 581.87 581.94 581.99 582.04 582.07 

2+200 578.69 580.05 580.79 581.21 581.51 581.65 581.72 581.79 581.84 581.95 582.02 582.07 582.12 582.15 

2+250 578.76 580.12 580.87 581.29 581.59 581.73 581.80 581.87 581.92 582.02 582.10 582.15 582.20 582.23 

2+300 578.85 580.21 580.95 581.38 581.67 581.80 581.87 581.94 581.99 582.10 582.17 582.22 582.27 582.31 

2+350 578.85 580.31 581.04 581.46 581.74 581.87 581.94 582.01 582.05 582.16 582.23 582.28 582.33 582.36 

2+400 578.88 580.41 581.14 581.56 581.84 581.97 582.03 582.10 582.15 582.25 582.33 582.37 582.42 582.46 

2+450 578.99 580.52 581.23 581.65 581.92 582.05 582.12 582.19 582.23 582.34 582.41 582.46 582.51 582.55 

2+500 579.00 580.58 581.29 581.71 581.99 582.11 582.18 582.25 582.29 582.40 582.47 582.52 582.57 582.60 

2+550 579.14 580.69 581.40 581.83 582.09 582.21 582.26 582.33 582.37 582.46 582.53 582.57 582.62 582.65 

2+600 579.21 580.77 581.49 581.92 582.17 582.28 582.33 582.39 582.43 582.52 582.58 582.62 582.67 582.70 

2+650 579.29 580.84 581.56 581.99 582.23 582.33 582.38 582.43 582.47 582.55 582.61 582.65 582.69 582.72 

DRAFT

Classification: Public



Appendix D: Flood Profiles October 2023

 

 D.4

 

Table D.1: Marten Creek Flood Profiles 

Station 

Channel 
Centerline 

Bed 
Elevation 

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 

750-year 
flood 

500-year 
flood 

1000-year 
flood 

2+700 579.33 580.90 581.63 582.06 582.28 582.37 582.41 582.47 582.50 582.57 582.63 582.67 582.70 582.73 

2+750 579.37 580.97 581.70 582.13 582.34 582.42 582.46 582.50 582.53 582.60 582.65 582.69 582.72 582.75 

2+800 579.45 581.04 581.77 582.21 582.40 582.48 582.52 582.56 582.59 582.65 582.70 582.74 582.77 582.80 

2+850 579.59 581.10 581.84 582.27 582.46 582.53 582.57 582.61 582.64 582.70 582.75 582.79 582.82 582.85 

2+900 579.67 581.18 581.91 582.35 582.53 582.60 582.63 582.67 582.70 582.76 582.81 582.85 582.88 582.91 

2+950 579.74 581.29 582.02 582.45 582.63 582.69 582.73 582.77 582.80 582.86 582.91 582.95 582.98 583.01 

3+000 579.77 581.38 582.12 582.56 582.74 582.81 582.85 582.89 582.92 582.99 583.04 583.08 583.12 583.15 

3+050 580.43 581.47 582.21 582.66 582.85 582.92 582.97 583.01 583.05 583.13 583.19 583.23 583.28 583.31 

3+100 580.17 581.56 582.29 582.75 582.94 583.03 583.08 583.13 583.17 583.26 583.33 583.37 583.42 583.46 

3+150 580.31 581.64 582.36 582.81 583.02 583.11 583.16 583.22 583.26 583.36 583.44 583.49 583.54 583.58 

3+200 580.78 581.77 582.47 582.91 583.14 583.26 583.32 583.40 583.44 583.56 583.65 583.71 583.77 583.81 

3+234 580.43 581.85 582.54 582.98 583.23 583.36 583.43 583.52 583.57 583.70 583.80 583.87 583.94 583.98 
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Table D.2: Unnamed Tributary Flood Profiles 

Station 

Channel 
Centerline 

Bed 
Elevation 

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 

750-year 
flood 

500-year 
flood 

1000-year 
flood 

0+000 577.91 579.68 580.37 580.80 581.19 581.36 581.44 581.51 581.55 581.65 581.72 581.76 581.81 581.83 

0+050 578.37 579.68 580.37 580.80 581.19 581.36 581.44 581.50 581.55 581.65 581.71 581.75 581.79 581.82 

0+100 578.50 579.70 580.38 580.81 581.20 581.36 581.44 581.50 581.55 581.65 581.71 581.75 581.78 581.81 

0+150 578.83 579.73 580.40 580.82 581.20 581.37 581.44 581.51 581.55 581.65 581.71 581.74 581.78 581.80 

0+200 579.04 579.77 580.41 580.83 581.21 581.37 581.45 581.51 581.56 581.65 581.71 581.74 581.78 581.80 

0+250 579.61 580.25 580.51 580.85 581.22 581.38 581.45 581.52 581.56 581.65 581.71 581.75 581.78 581.81 

0+300 579.87 580.51 580.74 580.97 581.27 581.43 581.50 581.56 581.60 581.69 581.74 581.77 581.80 581.83 

0+350 580.09 580.67 580.89 581.07 581.33 581.48 581.55 581.60 581.64 581.72 581.77 581.80 581.83 581.85 

0+400 580.27 580.86 581.07 581.22 581.42 581.56 581.62 581.66 581.70 581.77 581.82 581.84 581.87 581.89 

0+450 580.35 581.00 581.22 581.35 581.51 581.63 581.69 581.73 581.77 581.83 581.86 581.89 581.91 581.93 

0+500 580.59 581.16 581.38 581.49 581.62 581.73 581.78 581.81 581.85 581.90 581.93 581.95 581.97 581.98 

0+550 580.55 581.30 581.51 581.62 581.73 581.83 581.88 581.90 581.94 581.97 582.00 582.01 582.03 582.04 

0+600 580.86 581.47 581.69 581.79 581.89 581.98 582.02 582.03 582.07 582.10 582.11 582.12 582.14 582.15 

0+650 581.00 581.60 581.82 581.92 582.01 582.09 582.13 582.14 582.17 582.19 582.20 582.21 582.22 582.23 

0+700 581.15 581.77 581.99 582.08 582.16 582.24 582.27 582.28 582.31 582.32 582.33 582.33 582.34 582.34 

0+750 581.27 581.92 582.14 582.24 582.32 582.39 582.43 582.43 582.46 582.47 582.47 582.48 582.48 582.48 

0+800 581.44 582.04 582.26 582.37 582.45 582.52 582.56 582.56 582.59 582.59 582.60 582.60 582.60 582.60 

0+850 581.57 582.19 582.41 582.51 582.58 582.65 582.69 582.69 582.72 582.72 582.73 582.73 582.73 582.73 

0+900 581.74 582.30 582.50 582.60 582.68 582.75 582.78 582.78 582.82 582.82 582.82 582.82 582.82 582.82 

0+950 581.87 582.46 582.67 582.77 582.84 582.92 582.95 582.95 582.98 582.98 582.98 582.98 582.98 582.98 

1+000 581.99 582.59 582.80 582.90 582.97 583.04 583.08 583.08 583.11 583.11 583.11 583.11 583.11 583.11 

1+050 582.15 582.73 582.94 583.04 583.11 583.18 583.21 583.22 583.25 583.25 583.25 583.25 583.25 583.25 

1+100 582.28 582.89 583.10 583.20 583.28 583.35 583.38 583.38 583.41 583.41 583.41 583.41 583.41 583.41 

1+150 582.40 583.05 583.26 583.36 583.43 583.50 583.54 583.54 583.57 583.57 583.57 583.57 583.57 583.57 

1+200 582.54 583.16 583.38 583.48 583.56 583.63 583.67 583.67 583.70 583.70 583.70 583.70 583.70 583.70 

1+250 582.68 583.30 583.53 583.63 583.71 583.78 583.82 583.82 583.85 583.85 583.85 583.85 583.85 583.85 

1+276 582.77 583.40 583.61 583.72 583.80 583.87 583.91 583.91 583.94 583.94 583.94 583.94 583.94 583.94 
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Appendix E: Model Sensitivity Analysis October 2023 

E.1

Figure E.1a: Channel Roughness Sensitivity Analysis for Marten Creek 

Figure E.1b: Channel Roughness Sensitivity Analysis for Unnamed Tributary 
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Appendix E: Model Sensitivity Analysis October 2023 

E.2

Figure E.2a: Floodplain and Roadway Roughness Sensitivity Analysis for Marten Creek 

Figure E.2b: Floodplain and Roadway Roughness Sensitivity Analysis for Unnamed Tributary 
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Appendix E: Model Sensitivity Analysis October 2023 

E.3

Figure E.3a: General Roughness Sensitivity Analysis for Marten Creek 

Figure E.3b: General Roughness Sensitivity Analysis for Unnamed Tributary 
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Appendix E: Model Sensitivity Analysis October 2023 

E.4

Figure E.4a: Downstream Boundary (Lesser Slave Lake Water Level) Sensitivity Analysis for Marten Creek 

Figure E.4b: Downstream Boundary (Lesser Slave Lake Water Level) Sensitivity Analysis for 

Unnamed Tributary 
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Appendix G: Floodway Criteria and Design Flood Water Levels October 2023 

G.1

Table G.1: Marten Creek Floodway Criteria and Design Flood Water Levels 

River Reach Station 1:100-year Design Flood 

Marten Creek Marten Creek 0+000 578.69 

Marten Creek Marten Creek 0+050 578.70 

Marten Creek Marten Creek 0+100 578.72 

Marten Creek Marten Creek 0+150 578.76 

Marten Creek Marten Creek 0+200 578.79 

Marten Creek Marten Creek 0+250 578.85 

Marten Creek Marten Creek 0+300 578.95 

Marten Creek Marten Creek 0+350 579.02 

Marten Creek Marten Creek 0+400 579.05 

Marten Creek Marten Creek 0+450 579.10 

Marten Creek Marten Creek 0+500 579.16 

Marten Creek Marten Creek 0+550 579.22 

Marten Creek Marten Creek 0+600 579.28 

Marten Creek Marten Creek 0+650 579.34 

Marten Creek Marten Creek 0+700 579.41 

Marten Creek Marten Creek 0+750 579.49 

Marten Creek Marten Creek 0+800 579.53 

Marten Creek Marten Creek 0+850 579.57 

Marten Creek Marten Creek 0+900 579.64 

Marten Creek Marten Creek 0+950 579.67 

Marten Creek Marten Creek 1+000 579.68 

Marten Creek Marten Creek 1+050 579.69 

Marten Creek Marten Creek 1+100 579.71 

Marten Creek Marten Creek 1+150 579.73 

Marten Creek Marten Creek 1+200 579.74 

Marten Creek Marten Creek 1+250 579.78 

Marten Creek Marten Creek 1+300 579.87 

Marten Creek Marten Creek 1+350 579.99 

Marten Creek Marten Creek 1+400 580.11 

Marten Creek Marten Creek 1+450 580.22 

Marten Creek Marten Creek 1+500 580.32 

Marten Creek Marten Creek 1+550 580.45 

Marten Creek Marten Creek 1+600 580.50 

Marten Creek Marten Creek 1+650 580.62 

Marten Creek Marten Creek 1+660 580.66 

Marten Creek Marten Creek 1+670 580.89 

Marten Creek Marten Creek 1+680 581.44 

Marten Creek Marten Creek 1+690 581.45 

Marten Creek Marten Creek 1+700 581.47 

Marten Creek Marten Creek 1+750 581.51 

Marten Creek Marten Creek 1+800 581.54 
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Appendix G: Floodway Criteria and Design Flood Water Levels October 2023 

G.2

Table G.1: Marten Creek Floodway Criteria and Design Flood Water Levels 

River Reach Station 1:100-year Design Flood 

Marten Creek Marten Creek 1+850 581.55 

Marten Creek Marten Creek 1+900 581.60 

Marten Creek Marten Creek 1+950 581.65 

Marten Creek Marten Creek 2+000 581.68 

Marten Creek Marten Creek 2+050 581.71 

Marten Creek Marten Creek 2+100 581.73 

Marten Creek Marten Creek 2+150 581.76 

Marten Creek Marten Creek 2+200 581.84 

Marten Creek Marten Creek 2+250 581.92 

Marten Creek Marten Creek 2+300 581.99 

Marten Creek Marten Creek 2+350 582.05 

Marten Creek Marten Creek 2+400 582.15 

Marten Creek Marten Creek 2+450 582.23 

Marten Creek Marten Creek 2+500 582.29 

Marten Creek Marten Creek 2+550 582.37 

Marten Creek Marten Creek 2+600 582.43 

Marten Creek Marten Creek 2+650 582.47 

Marten Creek Marten Creek 2+700 582.50 

Marten Creek Marten Creek 2+750 582.53 

Marten Creek Marten Creek 2+800 582.59 

Marten Creek Marten Creek 2+850 582.64 

Marten Creek Marten Creek 2+900 582.70 

Marten Creek Marten Creek 2+950 582.80 

Marten Creek Marten Creek 3+000 582.92 

Marten Creek Marten Creek 3+050 583.05 

Marten Creek Marten Creek 3+100 583.17 

Marten Creek Marten Creek 3+150 583.26 

Marten Creek Marten Creek 3+200 583.44 

Marten Creek Marten Creek 3+234 583.57 
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Appendix G: Floodway Criteria and Design Flood Water Levels October 2023 

G.3

Table G.2: Unnamed Tributary Floodway Criteria and Design Flood Water Levels 
River Reach Station 1:100-year Design Flood 

Unnamed Tributary Unnamed Tributary 0+000 581.55 

Unnamed Tributary Unnamed Tributary 0+050 581.55 

Unnamed Tributary Unnamed Tributary 0+100 581.55 

Unnamed Tributary Unnamed Tributary 0+150 581.55 

Unnamed Tributary Unnamed Tributary 0+200 581.56 

Unnamed Tributary Unnamed Tributary 0+250 581.56 

Unnamed Tributary Unnamed Tributary 0+300 581.60 

Unnamed Tributary Unnamed Tributary 0+350 581.64 

Unnamed Tributary Unnamed Tributary 0+400 581.70 

Unnamed Tributary Unnamed Tributary 0+450 581.77 

Unnamed Tributary Unnamed Tributary 0+500 581.85 

Unnamed Tributary Unnamed Tributary 0+550 581.94 

Unnamed Tributary Unnamed Tributary 0+600 582.07 

Unnamed Tributary Unnamed Tributary 0+650 582.17 

Unnamed Tributary Unnamed Tributary 0+700 582.31 

Unnamed Tributary Unnamed Tributary 0+750 582.46 

Unnamed Tributary Unnamed Tributary 0+800 582.59 

Unnamed Tributary Unnamed Tributary 0+850 582.72 

Unnamed Tributary Unnamed Tributary 0+900 582.82 

Unnamed Tributary Unnamed Tributary 0+950 582.98 

Unnamed Tributary Unnamed Tributary 1+000 583.11 

Unnamed Tributary Unnamed Tributary 1+050 583.25 

Unnamed Tributary Unnamed Tributary 1+100 583.41 

Unnamed Tributary Unnamed Tributary 1+150 583.57 

Unnamed Tributary Unnamed Tributary 1+200 583.70 

Unnamed Tributary Unnamed Tributary 1+250 583.85 

Unnamed Tributary Unnamed Tributary 1+276 583.94 DRAFT
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