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TECHNICAL MEMO 
To 
Maurizio Ponzini, P.Eng.  
Design Manager, Cariboo Road Recovery Project 

From 
Kess Rowe, E.I.T., Hydrotechnical EIT 
Luc Harvey, P.Eng., Hydrotechnical Lead 

Re 
Canim Lake South Road Culvert – Hydrotechnical 
Options Analysis and Conceptual Design 

Date 
March 13, 2025 

1. Introduction 
As part of the Cariboo Road Recovery Projects, the Ministry of Transportation and Transit (MOTT) 
requested the Binnie / BGC / McElhanney multi-disciplinary design team (MDT) complete a 
hydrotechnical assessment and conceptual design for the replacement of a culvert conveying an 
unnamed creek across Canim Lake South Road near the property 7448 Canim Lake South Road (Figure 
1) into Canim Lake.  

During the 2023 spring freshet, a debris flood occurred on this unnamed creek leading to a blockage of 
the existing 900mm diameter corrugated steel pipe (CSP) culvert crossing and subsequent overtopping of 
the road, resulting in damage to the adjacent properties. Additional details on this flooding event and the 
associated damage are summarized in Section 1.3. 

This memorandum presents the hydrotechnical analysis and conceptual design options analysis for the 
proposed culvert replacement.  
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Figure 1. Site Location 

1.1. BACKGROUND DATA 

McElhanney has gathered and reviewed background material relevant to the culvert watershed area, 
climate, drawings, and GIS information to understand site constraints and design criteria. Information 
relevant to the hydrotechnical design was gathered from several sources including: 

 Environment and Climate Change Canada historical rainfall data 

 Wildfire Management BC historical rainfall data 

 IDF CC Tool for Updating Intensity-Duration-Frequency Curves to Changing Climate – version 7.5 

 BC Ministry of Agriculture and BC Ministry of Environment and Climate Change Strategy Soil 
Information Finder Tool 

 Topographic survey completed by McElhanney on December 6, 2023. 

 Government of Canada topographic data 

 BC Supplement to TAC Geometric Design Guide, 2019, 3rd edition 

 BC Water Resources Atlas 

 iMapBC hydrologic zone data 

1.2. DESIGN CRITERIA 

The BC Supplement to TAC Geometric Design Guide, 2019, 3rd edition, provided the primary design 
criteria for this project. Key guidelines are listed in Table 1. The return period utilized for analysis was 
selected in accordance with Section 1010. The hydrologic analysis of the catchment region was 
completed using methodology specified in Section 1020 Hydrology (refer to Section 2). Culvert design 
(refer to Section 3) complied with Sections 1030 and 1040, respectively.  
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Table 1: BC MOTT Design Guidelines 

MOTT 
Section Criteria Value 

1010 – 
General 
Design 
Guidelines 

Design Return Period (Low Volume) 

 Culverts < 3m Span 

 
100-year conveyance capacity,  
100-year 

1030 – 
Open 
Channel 
Design 

Minimum Longitudinal Slope 

 Minimum 

 Recommended 
Channel Depth to Invert 

 Minimum 
Minimum Freeboard 
Minimum Channel Bottom Width 
Channel Side Slopes (H:V) 

 Minimum 

 Recommended Minimum 

 Maximum 

 
0.3% 
0.5% 
 
0.3m below SGSB layer 
0.3m  
1m 
 

1.5:1 
2:1 
4:1 

1040 – 
Culvert 
Design 

Minimum Culvert Size 

 Under highway or main road 
Longitudinal Slope 

 Minimum 

 Maximum 
Hydraulics 

 Inlet Control HW/D 
 

 Outlet Control Headloss 
Erosion Protection 

 Culvert Inlet Apron 

 Culvert Outlet Apron 
Culvert position 

 Length of Culvert extension  

 Protrusion 

 

600mm 
 
0.5%  
20%  
 
Shall not exceed 1.0. Ideally between 0.7 & 0.8 to  
accommodate debris. 
Shall not exceed 0.3m 
 

Shall be at least twice the culvert rise 
Shall be at least four times the culvert rise 
 

Typically extend 0.5m to 0.7m beyond the slope 
Shall not exceed 0.150m 

 
Site constraints, such as available cover, limit the culvert size that can be installed without significant road 
adjustments or property acquisition. To address this, the culvert sizes were selected to maximize capacity 
while reducing impacts to private property and avoiding changes in the road geometry. As a result, some 
of the assessed culvert options do not meet the criteria in Table 1. The estimated level of service and 
associated risk of the culvert options are summarized at the end of this document to help inform the 
selection of a preferred option. If the selected option does not meet the criteria specified in Table 1, a 
design exceptions memo will be prepared for review and acceptance by MOTT.  

Following a review of the site conditions, McElhanney’s environmental team also confirmed that the 
unnamed creek is ephemeral and the proposed culvert replacement does not need to be designed for fish 
passage. However, the culvert must be designed to protect against scour and perching of the outlet with 
appropriate erosion and scour protection and must meet the following WSA Notification requirements: 
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 Culvert cover must be greater than 0.3m and less than 2.0m 

 Culvert must convey the 200-year daily average flow at the crossing with an HW/D < 1.0 or the 
channel’s bankfull hydraulic capacity. 

1.3. 2023 FLOOD EVENT & RESPONSE 

A debris flood event occurred on April 30, 2023, infilling the upstream channel of the unnamed creek and 

blocking the existing 900mm CSP culvert inlet (Figure 2 and Figure 3). This blockage lead to debris-

laden flood waters overtopping the road, eroding the upslope and downslope road embankments, and 

depositing large volumes of alluvial sediment on both sides of the creek channel (Figure 4 and Figure 5). 

The downstream creek channel shifted several times during this event, eventually settling on the 7445 

Canim Lake South Road property, south of the original channel alignment. This property and the portion 

of the existing right-of-way to the north were significantly impacted by the debris flood event. 

The debris flood event was snowmelt driven which was caused by a large rise in temperatures and rapid 

melting of the remaining snowpack on the upper hillslopes. No rainfall was recorded in the area on the 

day of the event. 

 

Figure 2: Infilling of channel upstream of crossing 
(looking upstream) 

 

Figure 3: Culvert outlet filled with sediment (looking 
upstream) 
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Figure 4: Road overtopping and erosion on downslope 
road embankment (looking north) 

 

Figure 5: Flooding and sediment deposition on private 
property (looking east) 

Following the event, emergency works took place to clear the channel and culvert of accumulated 
sediment and debris, repair damaged bank protection, clear and regrade infilled and eroded roadside 
ditches, and restore the damaged section of roadway (Figure 6 to Figure 9). Accumulated sediment was 
also removed from the areas surrounding the creek channel on private property.  

 

Figure 6: Road repairs at culvert crossing (looking 
south) 

 

Figure 7: Riprap repairs at culvert inlet post-event 
(looking south) 
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Figure 8: Riprap repairs at culvert outlet (looking south) 

 

Figure 9: Ditch repairs north of crossing (looking south) 

 

1.4. SITE VISIT 

Luc Harvey, P.Eng, and Anna Vu, E.I.T., of McElhanney, completed a site visit on November 20, 2024. 
The 900mm CSP culvert inlet was observed to be damaged and deformed, while the riprap at both the 
inlet and outlet appeared to be in good condition overall (Figure 10 to Figure 12); however, limited riprap 
was present on the downstream left bank (near the culvert outlet), likely due to property constraints at the 
time of emergency works (Figure 12). The channel flowing into the culvert is well-defined and incised 
(Figure 11). Debris was not observed at the culvert inlet. The new downstream channel that had formed 
during the 2023 debris flood event was observed on the 7445 Canim Lake South Road private property, 
south of the historical channel alignment (Figure 13 to Figure 15). It was also noted that a wildfire burned 
through much of the upper watershed in 2022 and likely influenced the flooding experienced in 2023. 

 

Figure 10: Damaged 900mm CSP culvert inlet. Inlet riprap in good condition (looking downstream). 
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Figure 11: Defined channel upstream of crossing (looking upstream). 

 

Figure 12: 900mm CSP outlet. Riprap in good condition but light on the right bank (looking upstream). 
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Figure 13: Channel avulsion westward looking downstream of crossing (looking downstream). 

 

 

Figure 14: Channel outlet into Canim Lake (looking downstream). 
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Figure 15: Historical channel alignment downstream of crossing (looking upstream) 

1.5. RAINFALL DATA 

Rainfall data was obtained from the Wildfire Management BC database for the nearest climate monitoring 
station located at Windy Mountain (ID 244). The station is located southeast of the site on the same side 
of the mountain range and likely has hydrological patterns similar to the site. The station records hourly 
data, including precipitation, temperature, humidity, wind speed and wind direction. We developed 
Intensity-Duration-Frequency (IDF) curves from the 33 years of available data (1992-2024).  

1.6. SOIL MAPS 

Soil data was gathered using the BC Soil Information Finder Tool, which is a platform produced through a 
collaboration between the BC Ministry of Agriculture and the BC Ministry of Environment. The Tool was 
used to investigate what types of surficial soils are present within the catchment area that reports to the 
project site. This information was used to determine the infiltration properties of the watershed 
sub-catchments. No other geotechnical information was available for the project site.  

1.7. TOPOGRAPHIC MAPS AND SURVEY 

Topographic maps were obtained from the BC Freshwater Atlas (FWA) to discern the flow path of the 
creek, delineate sub-catchments within the creek’s watershed, and assign properties to those sub-
catchments (i.e. flow path length and slope). Additional information on catchment boundaries was 
collected from the FWA, which delineates 1st order catchments and streams across the province. This 
information was used to assist in the delineation of the watershed boundary.  
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Topographic survey data was collected by McElhanney December 4 to 6, 2023. The topographic survey 
captures the road geometry, existing culvert data, overbank area, and channel geometry 50m to 70m 
upstream and downstream of the crossing. The topographic survey data is used to prepare culvert 
options and produce conceptual design sketches. 

Satellite imagery was reviewed to determine land use classification within the region. 
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2. Hydrology 
The unnamed tributary drains a 2.2km2 forested watershed with an average overland slope of 25%. The 

watershed is depicted in Figure 16. 

As described in Section 1.3, the debris flood event experienced in April 2023 was caused by snowmelt 
rather than rainfall; however, the road overtopping and damage experienced were primarily caused by the 
sediment and debris mobilized during this event. The mobilization of debris is expected to have been 
mainly influenced by the recent forest fire in the upper catchment, creating unstable soils and reduced soil 
infiltration rates which are more conducive to debris flood conditions. Given the size and average slopes 
in the catchment, the 100- and 200-year design flows are expected to be rainfall-driven. As a result, 
snowmelt was not reviewed as part of the hydrological analysis.  

We note that since a debris flood has already been observed at the site, we can assume that this creek is 
susceptible to future debris flood events. A Melton Ratio check (Section 2.3) confirms this assumption.  

 

Figure 16. Watershed Area Contributing to Canim Lake South Road Crossing – PCSWMM Model Schematic. 
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2.1. HISTORIC RAINFALL DATA 

Rainfall data was obtained from the Wildfire Management BC climate station for Windy Mountain (ID 244). 
Table 2 provides historical rainfall IDF data for the site developed by McElhanney. The Windy Mountain 
station has been active for 33 years from 1992 to 2024.  

Table 2: Historical rainfall IDF information for the Windy Mountain station (ID: 244). 

Duration 
(hr) 

2-year 
(mm/hr) 

5-year 
(mm/hr) 

10-year 
(mm/hr) 

20-year 
(mm/hr) 

25-year 
(mm/hr) 

50-year 
(mm/hr) 

100-year 
(mm/hr) 

200-year 
(mm/hr) 

1 9.82 12.9 14.93 16.88 17.5 19.41 21.3 23.19 

2 6.62 8.54 9.81 11.03 11.42 12.61 13.79 14.97 

6 3.24 4.18 4.8 5.39 5.58 6.17 6.74 7.32 

12 2.01 2.65 3.07 3.47 3.59 3.99 4.38 4.77 

24 1.28 1.66 1.92 2.16 2.24 2.48 2.72 2.95 

48 0.76 0.97 1.12 1.25 1.3 1.43 1.56 1.69 
 
Single-event design storms used in the hydrologic model were created using this IDF data.  

2.2. CLIMATE CHANGE 

Climate models are not available for the Wildfire Management BC climate stations. Therefore, the effects 
of climate change on extreme rainfall were assessed using the historic rainfall data for the Windy 
Mountain station and the climate change projections for the Williams Lake Environment Canada climate 
station (ID 1098940) from ClimateData.ca (nearest active IDF station to the site). The CMIP6 SSP1-2.6 
and SSP5-8.5 climate scenarios, representing the lower and upper range of emissions by the year 2100, 
were utilized to generate the projected IDF curves. The climate data used a time period of 2071 to 2100 
to coincide with the design life for the proposed infrastructure.  

The percent change between the historical and future precipitation totals from the Williams Lake station 
were applied to the Windy Mountain historical IDF values for each climate scenario. This percent change 
in rainfall was calculated to be 16% and 43% for the SSP1-2.6 and SSP5-8.5 scenarios, respectively. The 
climate adjusted IDF curves for SSP1-2.6 and SSP5-8.5 are presented in Table 3 and Table 4.  

Table 3: SSP1-2.6 climate-adjusted rainfall IDF information for the Windy Mountain station (ID: 244). 

Duration 
(hr) 

2-year 
(mm/hr) 

5-year 
(mm/hr) 

10-year 
(mm/hr) 

20-year 
(mm/hr) 

25-year 
(mm/hr) 

50-year 
(mm/hr) 

100-year 
(mm/hr) 

200-year 
(mm/hr) 

1 11.37 14.94 17.29 19.54 20.26 22.47 24.66 26.85 

2 7.67 9.89 11.36 12.77 13.22 14.60 15.97 17.33 

6 3.75 4.84 5.56 6.24 6.46 7.14 7.80 8.48 

12 2.33 3.07 3.55 4.02 4.16 4.62 5.07 5.52 

24 1.48 1.92 2.22 2.50 2.59 2.87 3.15 3.42 

48 0.88 1.12 1.30 1.45 1.51 1.66 1.81 1.96 
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Table 4: SSP5-8.5 climate-adjusted rainfall IDF information for the Windy Mountain station (ID: 244). 

Duration 
(hr) 

2-year 
(mm/hr) 

5-year 
(mm/hr) 

10-year 
(mm/hr) 

20-year 
(mm/hr) 

25-year 
(mm/hr) 

50-year 
(mm/hr) 

100-year 
(mm/hr) 

200-year 
(mm/hr) 

1 14.04 18.45 21.35 24.14 25.03 27.76 30.46 33.16 

2 9.47 12.21 14.03 15.77 16.33 18.03 19.72 21.41 

6 4.63 5.98 6.86 7.71 7.98 8.82 9.64 10.47 

12 2.87 3.79 4.39 4.96 5.13 5.71 6.26 6.82 

24 1.83 2.37 2.75 3.09 3.20 3.55 3.89 4.22 

48 1.09 1.39 1.60 1.79 1.86 2.04 2.23 2.42 
 

2.3. MELTON RATIO ASSESSMENT 

The Melton Ratio (defined as Watershed Relief/ Watershed Area0.5) has been used to differentiate 
watersheds prone to flooding (“clear water” floods) from those subject to debris flows and debris floods 
(Melton 1957). A further study was conducted in 2004 by Wilford et al. to further define the difference 
between debris-flood and debris-flow prone watersheds, considering the hazards of the events are 
different.    

The Melton Ratio calculated for the unnamed tributary is 0.51. The watershed length was approximated 
as 3.2 km, measured in a straight line from the fan apex to the farthest point along the watershed 
boundary. The Melton Ratio and watershed length is within the debris flood water regime (Melton Ratio 
0.3 to 0.6, watershed length > 2.7 km). This is consistent with the debris flood event that occurred on April 
30, 2023. Figure 17 shows the classification of the creek on the scattergram using the Melton Ratio and 
watershed length.  

 

Figure 17. Scattergram using Melton Ratio and watershed length with class limits (Wilford et al.)
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3. Hydrologic and Hydraulic Modelling 
MOTT design standards allow designers to use several methods to estimate peak discharge rates for 
sizing hydrotechnical and drainage infrastructure. For this project, hydrologic / hydraulic computational 
modelling was selected to estimate flows from the study area sub-catchments in order to assess the 
capacity of the existing crossings and to size infrastructure upgrades.  

Single event computational modeling was undertaken to determine peak flows during design storm 
conditions. The hydrologic / hydraulic model was developed in PCSWMM version 7.5., a computational 
hydraulic modeling software that relies on the well-known and widely used United States Environmental 
Protection Agency’s (USEPA) Stormwater Management Model (SWMM) version 5.1. engine. PCSWMM 
was developed by Computational Hydraulics International (CHI) as a combined hydrology / hydraulic 
modeling package.  

3.1. MODELLING 

Hydrologic / hydraulic modelling requires various input parameters to simulate rainfall-to-runoff and 
routing processes. Some key input parameters required for hydrologic / hydraulic simulation of catchment 
areas and channels are presented in Table 5. 

Table 5: Catchment Parameters and Conduit Roughness Coefficients 

Parameter Value 

Overland Impervious Manning’s n 0.011 

Overland Pervious Manning’s n 0.4 

Catchment Slope Hillslope Catchments – 19% to 37%  

Impervious Depression Storage (mm) 1.3 

Pervious Depression Storage (mm) 5 (Forested Catchments) 

Channel Roughness Coefficients 0.04 (Natural Drainage Pathways) 

Total Catchment Area (km2) 2.22 

 
The catchment area for the project site is undeveloped. Nearby, there are several rural properties that are 
not expected to affect the imperviousness of the catchment. A minimum of 2% impervious area was 
selected for the sub-catchments to account for potential rock outcrops that could contribute to impervious 
area.  

Design storm distributions and infiltration losses were modelled using the Soil Conservation Service 
(SCS) curve number (CN) method. Infiltration parameters were assumed universal for the catchment 
area. Soil drainage rates in the region were identified as primarily Well-drained to Moderately Well-
drained, which corresponds to Soil Groups A and B.  All soils were assumed to have the properties of Soil 
Group B, which provides a conservative estimate of the catchment runoff. Based on site observations, 
land cover was selected as wooded. Saturated soil conditions following the spring melt or continuous 
rainfall events were assumed for both existing and future design events corresponding to antecedent 
moisture condition (AMC) III. Combining the soil group, land cover type, and moisture conditions results in 
a CN value of 78. This value was applied to all sub-catchments in the model. 
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We note that the 2022 forest fire burned the upper portion of the catchment. We expect that the soils are 
more hydrophobic due to the fire, which leads to reduced infiltration rates and higher runoff rates. This 
condition is considered to be temporary; typically soils are expected to return to pre-fire conditions after 
approximately 3 to 7 years. The hydrologic analysis did not specifically consider the effect of the forest 
fire on soil infiltration rates and design flow although designing for future climate change will reduce the 
immediate impacts of the wildfire. We note that, with climate change, forest fires are expected to be more 
likely in the future.   

3.2. DESIGN STORMS 

Synthetic design storms that account for climate change were simulated to estimate design flows for the 
culverts. The Soil Conservation Service (SCS) Type IA and Type II rainfall distributions represent Pacific 
climates with generally wet winters and dry summers and are applicable to the coast and interior regions 
of BC. The Soil Conservation Service (SCS) Type II distribution was used to generate the synthetic 
design storms for a 24-hour event. The Type II distribution was selected for design as it yields the largest 
design runoff for a given 24-hour precipitation value. 24-hour rainfall depths were calculated from the IDF 
curves presented in Section 2 and were applied to the SCS Type II distribution to generate the design 
storms for each design scenario.  

The 200-year, 24-hour average daily peak flow was also estimated. The proposed culvert crossing must 
convey either the 100-year peak instantaneous flow or 200-year daily average flow to meet WSA 
requirements. The 100-year peak instantaneous flow is larger and governed the design. A summary of 
the climate change adjusted design storms used for the drainage analysis are presented in Table 6. 

Table 6: Design Storm Characteristics 

Event 

Total Design Storm 
Rainfall Based on 
Current Climate Data 
(mm) 

Total Design Storm 
Rainfall Adjusted for 
Climate Change (SSP1-
2.6) (mm) 

Total Design Storm 
Rainfall Adjusted for 
Climate Change (SSP5-
8.5) (mm) 

SCS Type II 100-Year, 
24-Hour 

65.2 75.5 93.3 

200-Year, 24-Hour 
Daily Flow (Constant 
Precipitation) 

70.8 91.5 101.4 

 

3.3. DESIGN RUNOFF 

PCSWMM was used to simulate storm events for the catchment area, with the storms applied uniformly 

across the entire catchment. The resulting peak runoff values for the catchment under both current and 

climate-change-adjusted storm scenarios are summarized in Table 7. The resulting runoff ratio from the 

hydrologic / hydraulic model was found to be 0.4 for pervious areas for the 100-year design storm 

scenarios. 
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Table 7: PCSWMM Peak Runoff Estimates for Current and Future Climate Design Storm Scenarios 

Event 

Peak 
Catchment 
Runoff for 

Current 
Climate 

Conditions 
(m3/s) 

Peak 
Catchment 
Runoff for 
SSP1-2.6 
Climate 

Conditions 
(m3/s) 

Peak 
Catchment 
Runoff for 
SSP5-8.5 
Climate 

Conditions 
(m3/s) 

Percent 
Increase in 
Flow from 

Current 
Climate to 
SSP1-2.6 

Conditions 

Percent 
Increase in Flow 

from Current 
Climate to 
SSP5-8.5 

Conditions 

SCS Type II 100-
Year, 24-Hour 

2.9 4.6 8.2 59% 183% 

200-Year, 24-
Hour Daily Flow 

1.3 1.8 2.1 38% 62% 

 

3.4. CALIBRATION CHECK 

A calibration check was completed using the Rational Method calculation to provide an upper bound for 
the largest flow that could be expected from the watershed for the 100-year design event for the SSP1-
2.6 climate change scenario. The following is the Rational Method equation; the value used for each 
parameter is provided: 

Rational Method – Q = CiA/360 

Q = Flow (m3/s) 

C = Runoff coefficient = 0.4 for undeveloped, forested areas with steep slopes 

t = Catchment time of concentration = 1.32 hours using Hathaway Method 

i = Rainfall intensity for selected return period (100-year, SSP1-2.6 climate change scenario) and 
catchment time of concentration (1.32 hours) = 20.3mm/h 

A = Catchment area = 222 ha 

This results in a 100-year design flow of 5.0m3/s for the climate change scenario SSP1-2.6. The design 
flow estimated using the modelling approach is 8% smaller than the rational method. This reduction is 
expected considering the Rational Method typically overestimates flows for larger catchments.  
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4. Conceptual Design  
The conceptual culvert drawings are included in Appendix A and show the proposed culvert sizes, 
riprap, road and channel geometry. 

4.1. CULVERT OPTIONS 

The culvert replacement options were found to be constrained by the existing road embankment height of 
approximately 1.5m above the culvert inlet. Consequently, the culvert rise was restricted to approximately 
900mm to maintain the minimum cover specified in the Supplement to TAC without altering the geometry.  

Four culvert options were developed to cover the standard material types and pipe cross-sectional 
dimensions available. Option 4 considers reducing the minimum cover from 0.45m to 0.3m to allow for a 
greater culvert rise while still satisfying WSA Notification requirements.  

All culverts are proposed to be installed with the inlets and outlets projecting from the road embankments. 
For the twinned pipe-arch option, the culvert inlets should be mitered to slope to reduce the risk of debris 
blockages and improve inlet hydraulics. The pipe arch culverts must be spaced 0.7m apart to allow for 
compaction. The box culverts can be placed directly against each other.  

The natural channel width ranges between 1.6m and 2.7m upstream of the crossing. The channel will 
need to be widened for some of the proposed options to accommodate the culvert span(s). Where 
required, the channel modifications will provide a smooth transition from the natural channel to the wider 
culvert inlet.  

4.2. HYDRAULIC PERFORMANCE 

All of the culvert options have sufficient capacity to convey the current climate 100-year peak 
instantaneous flow without overtopping the road. The existing and proposed culvert options and their 
associated hydraulic performances under the 100-year design flows are presented in Table 8.  

A Manning’s calculation was also performed to verify that the existing upstream channel has capacity to 
convey the various climate scenario flows without exceeding its banks. The maximum depth that the 
channel can convey is 1.3m (cross-sectional area = 4.3 m2) at a 12% channel gradient. The cross-section 
has the capacity to convey a flow of 26 m3/s, which is significantly greater than the 100-year flood flows 
presented herein.   
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Table 8: Proposed Culvert Sizes and Performances 

Option 
No. 

Culvert Type 

HW/D Conveys 
Current Climate 
200-year Daily 

Average flow (y 
/ n)? 

Flow Causing 
Road 

Overtopping 
(m3 / s) 

Current 
Climate 

(2.9 m3 / s) 

SSP1-2.6 
(4.6 m3 / 

s) 

SSP5-8.5 
(8.2 m3 / 

s) 

0 
(existing) 

900mm CSP N / A N / A N / A n 1.4 

1 
1800mm x 900mm 

Concrete Box 
1.1 1.7 N / A y 4.7 

2 
Twin 1390mm x 

970mm CSP Pipe-
Arch 

0.9 1.4 N / A y 4.7 

3 
Twin 1800mm x 

900mm Concrete 
Box 

0.7 0.9 1.5 y 9.4 

4 
2700mm x 

1200mm Concrete 
Box 

0.6 0.8 N/A y 8.2 

 
The culvert option performances with respect to the hydraulic design criteria (Table 1) are summarized as 
follows: 

Existing Conditions: 900mm CSP: 

 Current Climate Flow Conveyance: Does not meet design criteria (HW/D > 1); road overtopping 
occurs at 50% of the current climate flow.  

 Future Climate Flow Conveyance: Does not accommodate any increase in the flow due to climate 
change. 

 Debris Accommodation: No additional capacity to accommodate debris. 

Option 1: 1800mm x 900mm Concrete Box: 

 Current Climate Flow Conveyance: Does not meet design criteria (HW/D > 1), although road does 
not overtop. 

 Future Climate Flow Conveyance: Does not accommodate any increase in the flow due to climate 
change. 

 Debris Accommodation: No additional capacity to accommodate debris. 

Option 2: Twin 1390mm x 970mm CSP Pipe Arches: 

 Current Climate Flow Conveyance: Satisfies the design criteria (HW/D < 1). 

 Future Climate Flow Conveyance: Accommodates minor increase in the flow before the HW/D ratio 
exceeds 1.0; Conveys the SSP1-2.6 flow without overtopping the road (HW/D = 1.4). 

 Debris Accommodation: Minimal capacity to accommodate debris under the current climate flow 
scenario, and no additional capacity under the climate change scenarios. 

Option 3: Twin 1800mm x 900mm Concrete Boxes: 

 Current Climate Flow Conveyance: Satisfies the design criteria (HW/D < 1). 

 Future Climate Flow Conveyance: Accommodates the SSP1-2.6 flow; conveys the SSP5-8.5 flow 
without overtopping the road (HW/D = 1.5). 
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 Debris Accommodation: HW/D < 0.8 for the current climate flow scenario with some additional 
capacity for the SSP1-2.6 flow. No additional capacity for the SSP5-8.5 flow. 

Option 4: 2700mm x 1200mm Concrete Box: 

 Current Climate Flow Conveyance: Satisfies the design criteria (HW/D < 1). 

 Future Climate Flow Conveyance: Accommodates the SSP1-2.6 flow without overtopping the road 
(HW/D=0.8). 

 Debris Accommodation: HW/D ≤ 0.8 for the current climate and SSP1-2.6 flow scenarios. No 
additional capacity for the SSP5-8.5 flow. 

Our analysis showed that the hydraulic capacity of all options was governed by inlet control. None of the 
replacement options have sufficient capacity to convey the higher emissions climate scenario while 
satisfying the Supplement to TAC design criteria.  

4.3. CULVERT AND CHANNEL RIPRAP SIZING 

Riprap and scour calculations will be completed for the preferred culvert option in the next design phase.  

4.4. CLASS D COST ESTIMATE 

Class D capital cost estimates have been prepared to support the selection of the culvert options and, at 
this stage in the design process, include a 40% contingency for uncertainties. The capital cost estimates 
were developed using quantity take-offs, McElhanney’s in-house costing information, and supplier pricing 
for the following major project components:  

 Culvert supply and installation 

 Channel excavation 

 Road works including subgrade preparation, gravel subbase and base, paving, and shouldering 

 Riprap  

Please note that property acquisition and associated fees are excluded from the estimate.  A detailed 
breakdown of major components is provided in Appendix B. 

Table 9: Class D Cost Estimates 

Option No. 

Option 1: 
1800mm x 

900mm Concrete 
Box 

Option 2: Twin 
1390mm x 

970mm CSP 
Pipe-Arch 

Option 3: Twin 
1800mm x 

900mm Concrete 
Box 

Option 4: 
2700mm x 
1200mm 

Concrete Box 

Sub-Total $440K $420K $560K $600K 

Additional Costs 
(23%) 

$101K $97K $129K $138K 

Contingency 
(40%) 

$176K $168K $224K $240K 

Total Cost $720K $680K $910K $980K 
Note: All values are rounded. 
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5. Summary and Options Comparison 
Three proposed crossing options have been developed for the Canim Lake South Road culvert 
replacement. Each crossing option has been compared based on the following key factors:  

 Ability to meet standard MOTT design criteria 

 Accommodation for climate change 

 Accommodation for debris 

 Approximate Property Acquisition Area Required 

 Capital Cost 

Table 10 summarizes the proposed culvert options and their performance for each key factor above. 

Table 10: Culvert Option Summary Table. 

Option 
No. Culvert Type 

Meets 
Design 
Criteria 
(Y / N) 

Accommodation 
for Climate 

Change 
Accommodation 

for Debris 

Approx. 
Property 

Acquisition 
Area (m2) 

Capital 
Cost 

1 
1800mm x 

900mm Concrete 
Box 

N No No 160 $720K 

2 
Twin 1390mm x 

970mm CSP 
Pipe-Arch 

Y No No 190 $680K 

3 
Twin 1800mm x 

900mm Concrete 
Box 

Y SSP1-2.6 Yes 190 $910K 

4 
2700mm x 
1200mm 

Concrete Box 
N SSP1-2.6 Yes 190 $980K 

 

The existing road geometry and limited depth of fill impose limitations on the options. As a result, not all 
options have capacity for the 100-year design flow with climate change. The preferred option will depend 
on MOTT’s desired level of service for the crossing. If the selected option does not meet MOTT 
Supplement to TAC design criteria, it will require a variance. Risks associated with each option are 
summarized as follows.: 

Option 1: 1800mm x 900mm Concrete Box: 

 Design Criteria Compliance: Does not meet design criteria (HW/D > 1) for the current climate flow, 
although road does not overtop. Option requires a variance. 

 Future Climate: Does not account for climate change flow increases. Culvert will not have capacity for 
higher peak flows, which are predicted to increase due to climate change. A variance may be required 
to design the culvert to current climate flow without accommodation for climate change. 

 Debris Accommodation: High risk of culvert debris blockage occurring during current climate flow 
event since the HW/D > 1 for this scenario. 



Our File: 2111-06425-00 | March 13, 2025 

 

 
Canim Lake South Road Culvert – Conceptual Drainage Design Technical Memorandum 
Prepared for BC Ministry of Transportation and Transit 

Page 21

 

 Maintenance: More challenging to clean and remove debris compared to CSP options. Replacement 
of box culverts may be required if debris cannot be removed and would be more costly than 
replacement of CSP pipes. Debris removal will be challenging due to the low rise of the box.  

 Environmental Impacts: Smallest footprint and associated environmental impact. 

Option 2: Twin 1390mm x 970mm CSP Pipe-Arches: 

 Design Criteria Compliance: Meets design criteria (HW/D < 1) for the current climate flow.  

 Future Climate: Accommodates minor increase in flow due to climate change before the HW/D ratio 
exceeds 1.0. This option can convey the flow under the low emissions scenario (SSP1-2.6) prior to 
road overtopping (HW/D = 1.4). A variance may be required to design the culvert to current climate 
flow without accommodation for climate change. 

 Debris Accommodation: High risk of culvert debris blockage occurring during current climate flow 
event due to the following: 

o HW/D > 0.8 for the current climate flow scenario 
o Presence of two culverts introduces the potential for debris accumulation on the upstream 

face between the two pipes  

 Maintenance: Easier maintenance and cleaning compared to box culvert options. CSP culverts can be 
easily replaced at a relatively low cost if cleaning is not possible.   

 Environmental Impacts: Double the footprint of Option 1 resulting in a larger environmental impact. 

Option 3: Twin 1800mm x 900mm Concrete Boxes 

 Design Criteria Compliance: Meets design criteria (HW/D < 1) for the current climate flow.  

 Future Climate: Culvert has capacity (HW/D ≤ 1) for the lowest emissions climate scenario (SSP1-
2.6) and can convey the flow for the highest emissions scenario (SSP5-8.5) without overtopping the 
road (HW/D = 1.5). 

 Debris Accommodation: Moderate risk of culvert debris blockage occurring during the current climate 
and SSP1-2.6 scenarios due to the following: 

o HW/D ≤ 0.8 for the current climate flow, but HW/D > 0.8 for the SSP1-2.6 flow 
o Presence of two culverts introduces the potential for debris accumulation on the upstream 

face between the two pipes  

 Maintenance: Same challenges as Option 1 except that culvert replacement is more costly due to the 
presence of two culverts. 

 Environmental Impacts: Similar footprint and environmental impact as Option 2. 

Option 4: 2700mm x 1200mm Concrete Box 

 Design Criteria Compliance: Meets headwater design criterion (HW/D < 1). The minimum cover is 
not available for the 1200mm rise so a variance would be required.  

 Future Climate: Culvert has capacity (HW/D < 1) for the lowest emissions climate scenario (SSP1-
2.6).  

 Debris Accommodation: Lowest risk of culvert debris blockage occurring during the current climate 
and SSP1-2.6 flow scenarios due to the following: 

o HW/D ≤ 0.8 for the current and SSP1-2.6 flows. 
o Presence of a single culvert eliminates the potential for debris accumulation on the upstream 

face between multiple pipes  
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 Maintenance: Same challenges as Option 1 except that culvert replacement is more costly as this is a 
larger culvert with custom reinforcement required.  

 Environmental Impacts: Footprint and environmental impact of Option 4 is smaller than Options 2 
and 3, but larger than Option 1. 

Option 1 was selected as the preferred option following a review of the options comparison and risks with 
MOTT and District representatives. This option will be carried forward to detailed design and construction.  

The Climate Change Design Criteria Sheet will be completed for the selected crossing option in the next 
design phase. 
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6. Closing 
We trust this memorandum meets your present requirements. Please contact the undersigned with any 
questions or comments. 

Sincerely, 
McElhanney Ltd. 

Prepared by: 
 

 

 

 

Kess Rowe, E.I.T. 

Project Engineer 

krowe@mcelhanney.com 

250-278-5417 

Reviewed by: 
 

 

 

 

Doug Johnston, P.Eng. 

Senior Reviewer 

dajohnston@mcelhanney.com   

604-424-4756 

Prepared by: 
 

 

 

 

Luc Harvey, P.Eng. 

Hydrotechnical Lead 

lharvey@mcelhanney.com  

604-219-6387 
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APPENDIX A  
Culvert Option Concept Drawings   
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Statement of Limitations  
Use of this Report. This report was prepared by McElhanney Ltd. ("McElhanney") for the particular site, 
design objective, development and purpose (the “Project”) described in this report and for the exclusive 
use of the client identified in this report (the “Client”). The data, interpretations and recommendations 
pertain to the Project and are not applicable to any other project or site location and this report may not 
be reproduced, used or relied upon, in whole or in part, by a party other than the Client, without the prior 
written consent of McElhanney. The Client may provide copies of this report to its affiliates, contractors, 
subcontractors and regulatory authorities for use in relation to and in connection with the Project provided 
that any reliance, unauthorized use, and/or decisions made based on the information contained within this 
report are at the sole risk of such parties. McElhanney will not be responsible for the use of this report on 
projects other than the Project, where this report or the contents hereof have been modified without 
McElhanney’s consent, to the extent that the content is in the nature of an opinion, and if the report is 
preliminary or draft. This is a technical report and is not a legal representation or interpretation of laws, 
rules, regulations, or policies of governmental agencies.  

Standard of Care and Disclaimer of Warranties. This report was prepared with the degree of care, skill, 
and diligence as would reasonably be expected from a qualified member of the same profession, 
providing a similar report for similar projects, and under similar circumstances, and in accordance with 
generally accepted engineering and scientific judgments, principles and practices. McElhanney expressly 
disclaims any and all warranties in connection with this report.  

Information from Client and Third Parties. McElhanney has relied in good faith on information provided by 
the Client and third parties noted in this report and has assumed such information to be accurate, 
complete, reliable, non-fringing, and fit for the intended purpose without independent verification. 
McElhanney accepts no responsibility for any deficiency, misstatements or inaccuracy contained in this 
report as a result of omissions or errors in information provided by third parties or for omissions, 
misstatements or fraudulent acts of persons interviewed.  

Effect of Changes. All evaluations and conclusions stated in this report are based on facts, observations, 
site-specific details, legislation and regulations as they existed at the time of the report preparation. Some 
conditions are subject to change over time and the Client recognizes that the passage of time, natural 
occurrences, and direct or indirect human intervention at or near the site may substantially alter such 
evaluations and conclusions. McElhanney should be requested to re-evaluate the conclusions of this 
report and to provide amendments as required prior to any reliance upon the information presented 
herein upon any of the following events:  a) any changes (or possible changes) as to the site, purpose, or 
development plans upon which this report was based, b) any changes to applicable laws subsequent to 
the issuance of the report, or c) new information is discovered in the future during site excavations, 
construction, building demolition or other activities. 

Independent Judgments. McElhanney will not be responsible for the independent conclusions, 
interpretations, interpolations and/or decisions of the Client, or others, who may come into possession of 
this report, or any part thereof. This restriction of liability includes decisions made to purchase, finance or 
sell land or with respect to public offerings for the sale of securities.  


