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Mesh resolution was selected based on the expected influence on flow behavior: 

▪ Fine-resolution elements were used in hydraulically important areas, including: 

o Main channel and overbank areas; 

o Bridge and culvert approaches; 

o Dikes and road embankments; and 

o Tops and bottoms of slopes. 

▪ Coarser-resolution elements were applied in areas farther from the channel that are not 

expected to control flow conveyance but may still be inundated during flood events. 

Breaklines were incorporated to better represent changes in terrain and hydraulic controls, 

including channel banks, slope breaks, and infrastructure features. Proper use of breaklines 

allows key geometric features to be captured while limiting the total number of grid cells, and still 

keep computation times to a minimum. 

Figure 4-2 presents a portion of the HEC-RAS 2D model schematic, including the computational 

mesh, breaklines, and hydraulic structures. 

  

FIGURE 4-2: HEC-RAS 2D MODEL GRID AT TRAIL CREEK 

4.1.3 Hydraulic Structures 

A total of 13 hydraulic structures were surveyed and included in the Trail Creek HEC-RAS model. 

Topographic survey capture the geometry of each structure including opening dimensions and 

structure material to properly represent hydraulic capacity of the infrastructure in the HEC-RAS 

model. Figure 4-3 presents an example of a hydraulic structure layout and parameter definition in 

the HEC-RAS geometry editor. 
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FIGURE 4-3 FRENCH STREET HYDRAULIC STRUCTURE HEC-RAS 

A summary of the implemented parameters in the HEC-RAS model are detailed in Table 4-1 for 

the culvert crossings and  

Table 4-2 for the bridge crossings, including the old highway tunnel passing under the railway 

embankment near the Village’s downstream boundary. 

TABLE 4-1: SUMMARY OF CULVERT CROSSING CHARACTERISTICS 

LOCATION TYPE 
LENGTH 

(M) 
RISE / 

DIAMETER 
SPAN 

INVERT 

ELEVATION (M) 
OUTLET 

ELEVATION (M) 

1. Wellington St & Short St 
CSP Arch 

Culvert 
7.0 2.0 2.9 575 574.3 

3. Railway Embankment (US) 
Creek Crossing 

Concrete Arch 
Culvert 

18.0 3.1 3.7 557.9 557.3 

5. Wellington Ave &  
McNab St 2 

CSP Arch 
Culvert 

31.8 2.0 3.0 526.0 525.6 

6. French St CSP Culvert 11.5 3.1 - 515.7 515.5 

11. Wellington & Schofield 
Highway Bypass Culvert 

CSP Culvert 129.0 1.8 - 505.3 501.0 

12. Wellington & Schofield 
Highway Box Culvert 

Concrete Box 
Culvert 

127.1 1.9 2.5 505.1 501.1 

13. Old Highway Tunnel 
Concrete Arch 

Culvert 
36.2 3.7 6.3 505.8 504.0 
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TABLE 4-2 SUMMARY OF BRIDGE CROSSING CHARACTERISTICS 

LOCATION TYPE SPAN (M) 
DECK 

ELEVATION (M) 
SOFFIT 

ELEVATION (M) 

2. Wellington Ave & 
Short St 

Concrete Deck Bridge 
– Steel Beam 

5.75 566.1 565.7 

4. Wellington Ave & 
McNab St 1 

Concrete Deck Bridge 
– Steel Beam 

4.0 530.0 529.6 

7. Turner St 
Concrete Deck Bridge 

– Steel Beam 
3.8 515.0 514.65 

8. Korpack Bridge 
Concrete Deck Bridge 

– Steel Beam 
4.2 512.7 512.1 

9. 600 Silver Street 
Bridge 

Concrete Deck Bridge 
– Steel Beam 

5.5 510.5 510.15 

10. Silver St 
Concrete Deck Bridge 

– Steel Beam 
7.9 509.9 509.5 

 

4.1.4 Initial and Boundary Conditions 

The HEC-RAS 2D model was initialized with dry bed conditions, meaning no water was present 

in the channel at the start of the simulation. Model flows were then gradually increased to establish 

base flow conditions for each simulated return period. 

For floodplain mapping purposes, steady-state simulations were used. Design flows were applied 

at the upstream boundary and held constant for a sufficient duration to allow water levels to 

stabilize throughout the model domain and produce maximum water surface elevations. 

Upstream inflow boundary conditions for Trail Creek were defined using the recommended design 

flows summarized in Considering these factors, the following design flows are proposed (Table 

3-3). The two climate change scenarios provide a practical range that can support adaptive 

management and long-term planning for the Village. 

Table 3-3. The downstream boundary condition was defined using a normal depth assumption, 

calculated based on the channel and floodplain geometry and the average creek slope. 

4.1.5 Digital Surface and Hydraulic Roughness Data 

Hydraulic roughness in terms of Manning’s coefficient is derived using 2024 aerial photography 

within the study areas. Values used in the modeling were based on typical roughness values 

correlated with the surface treatment (existing ground surface materials). Table 4-3 shows the 

roughness values used and are consistent with standard practice for similar land use classes. 
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TABLE 4-3: HYDRAULIC ROUGHNESS VALUES 

Land use type Manning’s n value 

Channels 0.03 

Forest 0.10 

Light Forest 0.08 

Residential 0.06 

Roads 0.02 

4.2 Calibration and Verification 

No measured water surface profiles were available for high-flow events on Trail Creek within the 

Village of Warfield, as the rating curve for the French Street station remains uncalibrated and 

instantaneous peak flows have not been recorded. Consequently, calibration and verification of 

the hydraulic model could not be performed. If such data becomes available in the future during 

high magnitude flood events, calibration and verification tasks could be carried out to refine the 

hydraulic model simulations. For the present assignment, and until calibration and verification 

data become available, surface roughness values within the model are set to reasonable values 

and used in the simulations. The model output was inspected for consistency, ensuring results 

obtained are reasonable and representative for the study area. 

4.3 Model Limitations 

The modeling effort used in the development of the HEC-RAS 2D hydraulic modeling represents 

accepted engineering practice. However, all models and methodologies have inherent limitations 

that should clearly be acknowledged and understood. Some of the noted limitations include the 

following: 

▪ The modeling assumes rigid bed conditions and neglects possible effects of channel 

migration and riverbed scouring during extreme events; 

▪ Channel and floodplain are assumed to flow under clear water conditions, with potential 

influence of debris accounted through the applied bulking factor; 

▪ Modelled inundation extents are directly dependent on the selected design flows. As 

discussed previously, these flows are subject to uncertainty associated with regional 

frequency analysis and climate change projections. Design flows and corresponding 

hydraulic results should be updated as improved climate projections and hydrologic data 

become available;  
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▪ Calibration data for the study area was not available, and therefore could not be carried 

out; and 

▪ Further refinement to the modeling may be required for localized and/or site-specific 

hydraulic assessments and design work. 

4.4 Model Results 

Based on the floodplain mapping results, 10 of the 12 creek crossings are projected to be 

undersized for conveying the climate-adjusted 200-year peak flows. Of these, 5 crossings are 

projected to overtop the roadway embankments, resulting in flooding impacts to private properties 

and municipal infrastructure. Projected water levels, road elevations, and flooding conditions are 

summarized in Table 4-4. 

TABLE 4-4  CREEK CROSSINGS 200-YR FLOOD LEVELS 

LOCATION 
INLET TOP 

ELEV. (M) 

TOP OF THE 

ROAD ELEV. 
(M) 

200YR CC 

ELEV (M) 
FREEBOARD 

PROJECTED 

CONDITIONS 

1. Wellington St & Short St 577.00 577.85 578.67 -1.67 Overtopping 

2. Wellington Ave & Short St 565.67 566.10 566.92 -1.25 Overtopping 

3. Railway Embankment (US) 
Creek Crossing 

560.94 564.70 561.42 -0.48 Surcharge 

4. Wellington Ave & McNab St 1 529.56 530.00 530.00 -0.44 Surcharge 

5. Wellington Ave &  
McNab St 2 

528.50 528.70 529.15 -0.65 Overtopping 

6. French St 518.77 519.00 519.05 -0.28 Overtopping 

7. Turner St 514.65 515.05 514.70 -0.05 Surcharge 

8. Korpack Bridge 512.13 512.72 511.80 0.33 Free Flow 

9. 600 Silver Street Bridge 510.16 510.50 510.50 -0.34 Surcharge 

10. Silver St 509.49 509.90 508.80 0.69 Free Flow 

11. Wellington & Schofield 
Highway Bypass Culvert 

507.07 
507.60 

(Headwall) 
507.50 -0.43 Surcharge 

12. Wellington & Schofield 
Highway Box Culvert 

507.10 507.44 507.60 -0.50 Overtopping 

 

Projected flooding impacts are grouped below by location, with consideration of effects on public 

infrastructure and private properties. 
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4.4.1 Trail Creek Upstream of the Railway Embankment 

Flooding impacts are projected upstream of the railway embankment, where Trail Creek is 

expected to overtop the Wellington Avenue and Short Street bridge. In addition, the 200-year 

climate-adjusted flows are projected to backwater at the railway concrete arch culvert without 

overtopping the railway embankment. Under this scenario, localized impacts to private property 

backyards along Wellington Avenue are anticipated. Figure 4-4 illustrates the projected inundation 

extent and the 200-year floodplain, including 0.6 m of freeboard. 

 

 

FIGURE 4-4 TRAIL CREEK UPSTREAM OF RAILWAY EMBANKMENT 
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4.4.2 Trail Creek at McNab Street 

The CSP arch culvert at McNab Street is projected to be overtopped during the 200-year event. 

Downstream of this location, creek flows are projected to split into three primary flow paths. While 

the main channel continues to convey most of the flow, a significant portion is conveyed along 

adjacent roadways, including Simonds Street north of the creek and Wellington Avenue south of 

the creek, resulting in impacts to nearby private properties. Figure 4-5 illustrates the projected 

200-year flood depths in the McNab Street area. 

 

 

FIGURE 4-5 TRAIL CREEK AT MCNAB STREET 
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4.4.3 Trail Creek at French Street 

The French Street crossing is also projected to be overtopped under the 200-year climate-

adjusted flows. Downstream of this crossing, the floodplain widens through the Annable area, 

resulting in more extensive overland flooding. Properties north of Trail Creek are projected to 

experience water depths ranging from approximately 0.3 m to 0.7 m, while properties south of the 

creek are expected to experience minor flooding with depths generally less than 0.2 m. Figure 

4-6 illustrates the projected flood depths between French Street and Highway 22. 

 

FIGURE 4-6 TRAIL CREEK AT FRENCH STREET 

 

4.4.4 Trail Creek at Highway 22 

The 200-year climate-adjusted flows are projected to exceed the capacity of both the box culvert 

and bypass culvert at Highway 22 & Wellington Avenue crossing. Under this scenario, 

uncontrolled flows are projected to be conveyed along Highway 22, functioning as an open 

channel toward the City of Trail. In addition, overland flows are projected to utilize the old highway 
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tunnel as a secondary flow path. Figure 4-7 illustrates projected flow depths and overland flow 

paths at the Highway 22 & Wellington Avenue intersection. 

 

FIGURE 4-7 TRAIL CREEK AT THE HIGHWAY 22 

4.4.5 Projected High-velocities and Supercritical Flow 

Hydraulic modelling results indicate maximum flow velocities on the order of 5 to 6 m/s within the 

Trail Creek channel. The combination of high velocities and relatively low hydraulic depth results 

in supercritical flow conditions (Froude number > 1.0) in localized reaches. Under these 

conditions, hydraulic jumps may occur where flow transitions from supercritical to subcritical, 

typically in response to changes in channel slope, geometry, or flow constrictions and expansions. 

Hydraulic jumps are characterized by abrupt increases in flow depth and associated energy 

dissipation. Based on the model results, potential water surface fluctuations associated with these 

transitions are expected to remain within the freeboard allowance adopted for the Flood 

Construction Levels described in Section 5.0 Floodplain Mapping.  
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5.0 Floodplain Mapping 

Results from the hydraulic modeling carried out in this work are presented, as are procedures 

used to develop flood inundation, and flood construction levels. 

5.1 Floodplain Mapping Standards 

The applicable standard followed in this work is the EGBC (2018) publication, titled ‘Professional 

Practice Guidelines for Legislated Flood Assessments in a Changing Climate in British Columbia’. 

Maps developed follow standards defined in APEGBC (2017), as well as the recently produced 

Flood Mapping Standards (NHC, 2020). 

5.2 Flood Inundation Extent 

Flood inundation extents were developed for Trail Creek within the municipal boundary of the 

Village of Warfield. The inundation mapping represents areas expected to be flooded during the 

200-year design event, including climate change, and assumes all existing infrastructure is in 

place and fully operational. Freeboard is not included in the inundation extent. 

The prepared flood inundation extent shows the anticipated level of flooding within the Village. 

The flooding is most prominent downstream of McNab Street and French Street. In both 

instances, existing culverts are insufficient to pass the 200-yr design flows and are anticipated to 

cause overland flooding. 

In addition to the 200-year event, water depth raster layers (without freeboard) were developed 

for the 2-, 5-, 10-, 20-, 50-, and 100-year return period events. These products are intended to 

inform the Village of more frequent, lower-magnitude flooding scenarios. The maps are presented 

based on design flow conditions and may be used to qualitatively compare model results to 

historical return periods or to relate to less conservative climate change assumptions. 

5.3 Flood Construction Levels 

Floodplain maps are commonly used by local governments for regulatory purposes, including the 

development of floodplain bylaws. A key regulatory application is the establishment of Flood 

Construction Levels (FCLs), which incorporate a freeboard allowance above the design flood 

elevation. In British Columbia, FCLs are typically used to define the minimum elevation of the 

underside of a wooden floor system or the top of a concrete slab for habitable structures. 
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Key aspects of the FCL development for this study include: 

▪ FCLs were derived by adding 0.6 m of freeboard to the 200-year design flood profile 

generated by the hydraulic model; 

▪ The freeboard allowance accounts for uncertainties in hydrologic inputs, hydraulic 

modelling including hydraulic jumps within Trail Creek channel, and future conditions; 

▪ Applying freeboard increases both flood depth and the spatial extent of inundation relative 

to the base floodplain; 

▪ FCL maps include the effects of climate change and represent current best practice in BC. 

Flood construction levels and setbacks only take effect if adopted by the Village through a 

floodplain bylaw or other regulatory tools (e.g., development permit areas). The preparation of 

floodplain and FCL maps represents an interim technical step; formal land use controls must be 

implemented by the Village for regulatory application. 

The final FCL inundation extents are presented in the floodplain mapping figures and are intended 

to support decision-making related to flood risk management and infrastructure resilience for both 

public and private assets. 

Figure 5-1 provides an example showing the 200-year inundation extent, FCL inundation extent 

(200-year floodplain), and FCL isolines. Complete FCL boundary and inundation extent mapping 

is provided in Appendix A. 

 

FIGURE 5-1 FLOODPLAIN MAPPING EXAMPLE 
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It is noted that future changes within the channel or floodplain—such as culvert upgrades, road 

modifications, or new development—may alter flood levels and inundation extents. Should such 

changes occur, the hydraulic modelling and associated floodplain and FCL mapping should be 

updated accordingly. 

6.0 Recommendations and Next Steps 

This floodplain mapping provides a technical basis to support flood risk management and land 

use decision-making in the Village of Warfield. The following next steps are recommended to 

improve confidence in the results, support implementation, and reduce flood risk over time. 

Floodplain Mapping Update 

Floodplain mapping should be treated as a living dataset and updated as new information 

becomes available. It is recommended that the mapping be reviewed and refined: 

▪ Every 10 years, or 

▪ When updated climate change projections, hydrometric data, or major infrastructure 

changes become available. 

Hydrometric Data and Rating Curve Improvements 

Future site-specific flood frequency analyses would benefit from improved flow data at Trail 

Creek: 

▪ Calibrate and maintain the rating curve at the Trail Creek (French Street) gauge to 

improve peak flow estimation. 

▪ Collect additional high-flow measurements during freshet and rain-on-snow events 

where feasible. 

Regulatory Adoption and Implementation 

For the floodplain mapping and Flood Construction Levels (FCLs) to have regulatory effect, 

formal adoption by the Village is required: 

▪ Present the study findings to Council to support informed decision-making. 

▪ Consider adoption through a future floodplain bylaw or alternative land use regulation 

tools (e.g., Development Permit Areas). 

▪ Implementation will likely require provincial grant funding and coordination with external 

agencies. 

 

Flood Mitigation Planning 
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This study identifies areas of flood risk but does not evaluate mitigation measures. A dedicated 

Flood Mitigation Plan is recommended to: 

▪ Develop and assess structural and non-structural mitigation options. 

▪ Prioritize projects that address undersized crossings, overland flow paths, and erosion 

risks. 

▪ Support future funding applications and phased implementation. 

Community and Third-Party Engagement 

Effective flood risk management requires early and transparent communication: 

▪ Share mapping results with the general community to identify areas within the 200-year 

floodplain. 

▪ Engage potentially affected property owners and third parties early, particularly those at 

risk during major flood events. 

▪ Coordinate with upstream and downstream jurisdictions where shared infrastructure or 

flood pathways exist. 

Together, these steps will support more resilient land use planning, improved emergency 

preparedness, and a coordinated approach to managing flood risk along Trail Creek. 
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