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BACKGROUND 

The existing Mould Bay causeway is located near the former High Arctic Weather Station (HAWS) in Mould 
Bay, Prince Patrick Island, Northwest Territories (see Figure 1).  It crosses Station Creek and provides access 
to an adjacent airstrip that runs parallel to the watercourse.  The main channel of the creek flows west through 
the existing causeway crossing, which consists of six (6) 1,200 mm diameter corrugated steel pipe (CSP) 
culverts, to the ocean.  A portion of the creek has migrated, creating a secondary branch that runs southeast of 
the existing causeway to the ocean.  This secondary branch intersects with the west end of the airstrip and has 
cut off access to the rest of the airstrip. 

Based on findings made during a field investigation completed by Stantec on August 21, 2018, all six culverts 
were identified as having completely failed.  Significant section separation, deformation and sedimentation was 
observed.  Water levels in the creek were estimated to be approximately 750 mm deep during high tide and 
600 mm deep during low tide.  

Due to the overall condition of the existing causeway, it has been determined that the crossing will need to be 
reconstructed.  The purpose of this technical memo is to present the hydraulic performance of the proposed 
crossing.  The following sections document the design criteria, hydrologic and hydraulic analyses, fish passage 
and erosion protection considerations, and recommendations. 

DESIGN CRITERIA 

The proposed crossing shall be designed with consideration of the following design criteria: 

• Design discharge – A design peak discharge with a 1:25-year return frequency (Q25) will be targeted.  
This has been selected to ensure a moderately low level of risk or percent chance of embankment 
failure or structural collapse during the design life of the reconstructed causeway (10 years).  

• Freeboard – The proposed crossing shall provide a minimum freeboard of 0.3 m under the design 
discharge. 

• Fish passage – Fisheries and Oceans Canada (DFO) requires that culverts located in fish-bearing 
watercourses to be designed to provide adequate passage for fish.  Under average (i.e. 1:2-year) flow 
conditions, the water velocity through the culverts should not exceed the swim velocity that the majority 
of the target fish species can achieve.  
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HYDROLOGIC ANALYSIS 

The drainage area of the existing crossing was delineated using 50K mapping obtained from Natural Resources 
Canada’s (NRCan) online CanVec digital cartographic database.  The delineated drainage area as shown in 
Figure 2 has a total area of 85.4 km2.  Elevations range from sea level to approximately 170 m above sea level.  
Land cover is generally barren with sparse vegetation. 

The causeway is located on an ungauged watercourse.  To establish the design discharges for the causeway, 
Environment Canada historical hydrometric data from the nearest gauged arctic streams was analyzed.  These 
sites, shown in Figure 3, included the following: 

• Big River above Egg River (10TA001), an active station located on Banks Island, approximately 440 
km south of the causeway; 

• Allen River near the Mouth (10VC001), a discontinued seasonal station located on Cornwallis Island, 
approximately 690 km east of the causeway; 

• Mecham River near Resolute (10VC002), an active station located on Cornwallis Island, approximately 
700 km east of the causeway; 

• Snowbird Creek near Bradford Island (10VC013), a discontinued seasonal station located on Bathurst 
Island, approximately 490 km east of the causeway; and 

• White Bear Creek near Bradford Island (10VC014), a discontinued seasonal station located on 
Bathurst Island, approximately 490 km east of the causeway. 

Based on a review of the daily flow data from all five stations, it was determined that three of the stations 
(10TA001, 10VC001 and 10VC002) had sufficient data to establish design discharges.  The remaining two sites 
(10VC013 and 10VC014) only had one year’s worth of data which was deemed insufficient for this analysis and 
therefore were not used.  Historical precipitation data from Environment Canada weather stations within the 
vicinity of the hydrometric stations and the Mould Bay causeway (see Figure 3) was also reviewed to confirm 
similarity in climate conditions within the gauged site drainage areas versus that within the causeway’s drainage 
area.  Looking at the trends presented in Table 1 for the overall period of recorded data, the observed 
precipitation at Mould Bay, with a particular focus on snowfall which contributes to the freshet, is considered 
comparable to that seen at the other locations.   
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Table 1:  Precipitation Data Comparison 

Precipitation Type 

Near Causeway Near 10TA001 Near 10VC001 & 10VC002 

Mould Bay 
A 

(1948-1997) 

Mould Bay 
CS 

(2002-2007) 

Sachs 
Harbour A 

(1955-2007) 

Thomsen 
River 

(1998-2007) 

Resolute 
CARS 

(1947-2014) 

Resolute 
CS 

(2002-2007) 

Total Annual 
Precipitation (mm) 

Avg 95.6 186.6 122.1 86.9 143.4 125.7 

Max 168.3 299.7 200.2 246.1 283.2 224.1 

Total Annual 
Rainfall (mm) 

Avg 95.6 186.6 122.1 86.9 143.4 125.7 

Max 168.3 299.7 200.2 246.1 283.2 224.1 

Total Annual Snow 
(cm) 

Avg 79.0 147.9 79.5 38.7 94.0 84.1 

Max 171.0 275.5 175.0 138.4 197.5 153.7 

A consolidated frequency analysis (CFA) was completed to establish peak design flows at each station using 
recorded peak annual flows.  The drainage areas of these stations were considered to have similar 
characteristics to those of the Mould Bay causeway’s drainage area, therefore a transposition method was used 
to transpose these gauged design flows to the ungauged causeway location using the following expression: 

𝑄𝑄2 = 𝑄𝑄1 �
𝐴𝐴2
𝐴𝐴1
�
𝑛𝑛

 

Where: 

 Q1 = known peak discharge 

 Q2 = unknown peak discharge 

 A1 = known basin area 

 A2 = unknown basin area 

 n = adjustment factor (0.8) 

The design discharges are summarized in Table 1.   

Table 2:  Design Discharges 

Station ID Drainage Area 
(km2) 

Q25 
(m3/s) 

Q25 at Site 
(m3/s) 

10TA001 3,640 824 41 

10VC001 448 120 32 

10VC002 86.8 47 46 

Average Discharge  40 
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FLOW VALIDATION 

The hydraulic performance of the existing crossing was assessed using the culvert hydraulic analysis program 
HY-8 to validate the design and check flows against highwater marks.  During the August 2018 field 
investigation, the highwater mark was recorded to be at an elevation of approximately 0.2 m on the south bank 
and 0.5 m on the north bank upstream of the crossing, and 1.0 m on the north bank downstream of the crossing. 

Due to limitations of the HY-8 program and available survey information, the following assumptions were made: 

• All culverts were assumed to be capable of passing flow (i.e. no structural deformations, blockages, 
sedimentation) so that the full design capacity of the culverts could be evaluated; 

• All culverts were assumed to have the same invert elevations; 

• A culvert slope of 0.5% and length of 15 m were assumed; 

• Manning’s n for the existing CSP culverts was taken as 0.024; 

• The inlet configuration was taken as thin edge projecting; 

• Geometry of the downstream channel was defined using survey data;  

• Downstream water levels were assumed to not influence the hydraulic performance of the culverts (i.e. 
tailwater depth = 0 m); and 

• An average depth of cover of 0.5 m was assumed overtop of the culverts. 

Based on these assumptions, it is estimated that a flow much smaller than the Q25 of 40 m3/s would produce 
headwater depths similar to observed highwater marks.  A flow of approximately 7 m3/s would result in a 
headwater elevation of 0.5 m, while 14 m3/s would result in a headwater elevation of 1.0 m.  These numbers 
are in line with an average freshet flow of approximately 10 m3/s indicating that a large freshet likely has not 
occurred recently.  Furthermore, in areas with little or no vegetation, highwater marks may be less evident and 
less reliable.   

HYDRAULIC ANALYSIS 

The proposed crossing has been designed to pass the Q25 design discharge of 40 m3/s with 0.3 m of freeboard.  
A simplified approach was used to determine the size, quantity, and configuration of the culverts.  The approach 
assumed that the culverts acted under inlet control conditions with a submerged inlet (i.e. orifice flow). This 
assumption was validated with the HY-8 software.  Other assumptions included an average channel bottom 
elevation ranging between -0.70 m and 0.25 m and a maximum ground elevation of 1.50 m for the top of 
crossing. 

A total of nine (9) culverts will be required: 3 x 1,800 mm and 3 x 1,600 mm diameter CSP culverts in the 
washout channel, and 3 x 1,500 mm diameter CSP culverts through the existing causeway.  The hydraulic 
performance and general configuration of the culverts is provided in Table 3 (see attached Design 
Calculations for details).   
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Table 3:  Hydraulic Performance and Configuration of Proposed Culverts 

Attribute Units 

Culverts (South to North) 

Washout Causeway 

1 2 3 4 5 6 7 8 9 

Configuration 

Diameter  (mm) 1,600 1,600 1,800 1,800 1,800 1,600 1,500 1,500 1,500 

Length  (m) 12 12 12 12 12 12 20 20 20 

Slope  (%) 0.10 0.10 0.10 0.10 0.10 0.10 0.25 0.25 0.25 

Ground Elev.  (m) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

Obvert Elev.  (m) 1.10 1.10 1.10 1.10 1.10 1.10 0.80 0.80 0.80 

Channel Elev.  (m) 0.25 -0.40 -0.70 -0.70 -0.60 -0.10 -0.40 -0.40 -0.40 

Invert Elev.  (m) -0.50 -0.50 -0.70 -0.70 -0.70 -0.50 -0.70 -0.70 -0.70 

Embedment (m) 0.75 0.10 0 0 0.10 0.40 0.30 0.30 0.30 

Hydraulic Performance Under Q25 = 40 m3/s 

Discharge  (m3/s) 1.90 4.54 6.45 6.45 6.14 3.36 3.84 3.84 3.84 

Velocity (m/s) 2.4 3.1 3.4 3.4 3.3 2.9 3.1 3.1 3.1 

WSEL  (m) 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 

Freeboard  (m) 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 

FISH PASSAGE 

As per DFO requirements, culverts located in fish-bearing watercourses shall be designed to provide adequate 
passage for fish.  As Arctic char have been reported in Mould Bay, it has been assumed that they are using 
Station Creek.  Therefore, the design of the proposed causeway crossing will take fish passage into account.   

As previously indicated, the maximum allowable water velocity through the culverts should not exceed the swim 
velocity that the average target fish species can achieve under average (i.e. 1:2-year) flow conditions.  The 
upstream migration period was identified as being late summer, therefore an average flow, or Q2, for the month 
of August was established using the same approach used to derive the Q25.  A Q2 of 1.2 m3/s was determined 
for the first 2 weeks of August and used to evaluate the proposed culvert design for adequate fish passage (see 
attached Design Calculations for details).  Note that the Q2 for the second half of the month of August is 
expected to be in the order of 0.7 m3/s. 

DFO’s online Fish Protection Tools were used to establish the maximum water velocity requirement for the 
proposed crossing to allow passage to the average fish passing through this location.  Arctic char belongs to 
the salmon and walleye species group, therefore the following assumptions were made to estimate the 
maximum allowable water velocity: 

• The length of this species of fish ranges from 120 mm to 700 mm.  The smallest (120 mm) and 
average (400 mm) lengths were assessed; 
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• It is assumed that all (or the majority) of flow during the migration period will flow through the washout 
(i.e. 3 x 1,800 mm culverts); therefore, a swim distance of 12 m was considered; and 

• Allow passage for an average number of fish. 

Based on these assumptions, it is estimated that the average 120 mm long fish would be able to swim in a 0.7 
m/s current for at least the length of the proposed culverts (see Figure 4), while the average 400 mm long fish 
can swim in a 1.9 m/s current for the same distance (see Figure 5). 

Using HY-8, it was estimated that the average velocity through the 3 x 1,800 mm culverts is approximately 1.4 
m/s under early August Q2 flow conditions.  This indicates that over 75% of fish 400 mm or longer should be 
able to pass the culverts.  The smaller fish will be more challenged with approximately 5% able to pass in the 
earlier part of August.  These number are expected to improve as the flows continue to drop in the later part of 
August.  Installation of low baffles in one of the 1,800 mm culverts may be considered to improve passage for 
the smaller fish. 

EROSION PROTECTION 

Based on the hydraulic analysis of the proposed crossing, the maximum velocity through the culverts is 
estimated to be 3.4 m/s for the design discharge.  Therefore, it is recommended to install erosion protection 
measures along the upstream and downstream embankments of the channels and crossings (causeway and 
washout) to handle a maximum scouring velocity of approximately 4.2 m/s (i.e. design discharge velocity plus 
a 25% factor of safety). 

Size and material of granular from nearby borrow sites is limited and considered inadequate to use as 
conventional slope protection (e.g. rip rap, gabion basket fill material).  Alternatively, abrasion resistant filter 
cloth in the form of geotextile wraps or sandbags may be considered. 

RECOMMENDATIONS & CONCLUSIONS 

It is proposed that the reconstructed causeway crossing be designed to convey the 1:25-year design discharge 
(with at least 0.3 m freeboard), while providing adequate passage for fish.  This would be achieved with a 
configuration of 3 x 1,800 mm and 3 x 1,600 mm diameter CSP culverts in the washout, and 3 x 1,500 mm 
diameter CSP culverts in the causeway.  Equipping one of the 1,800 mm culverts with low baffles may be 
considered to enable passage for smaller fish.  Installation of erosion protection along the upstream and 
downstream embankments of the channels and crossings is recommended to protect against scour and 
erosion. 
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Figure 3 – Location of Hydrometric and Weather Stations

Mould Bay 
Causeway 

10TA001 

10VC014 
10VC013 

10VC001 
10VC002 

Sachs Harbour A 

Thomsen River 

Mould Bay A/CS 

Resolute 
CARS/CS 



 

 

 
*Generated using DFO’s online Fish Protection Tools (http://www.fishprotectiontools.ca/index.html) 

Figure 4 – Fish Swim Distance vs. Water Velocity Plot for 120 mm Long Fish 
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Figure 5 – Fish Swim Distance vs. Water Velocity Plot for 400 mm Long Fish 
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122170258 - Infrastructure Improvements in Support of Site Remediation:
Station Creek Causeway Reconstruction for the Mould Bay Former High Arctic Weather Station, NT
Culvert Configuration Under Q25

Qtotal target = 40 cms
Qactual sum = 40 cms
Delta Q = 0 cms

1 2 3 4 5 6 7 8 9
Length (m) 12 12 12 12 12 12 20 20 20
Slope (%) 0.10 0.10 0.10 0.10 0.10 0.10 0.25 0.25 0.25
Rise (m) 1.600 1.600 1.800 1.800 1.800 1.600 1.500 1.500 1.500
Total Area (m2) 2.011 2.011 2.545 2.545 2.545 2.011 1.767 1.767 1.767
% Embedment 46.9% 6.3% 0.0% 0.0% 5.6% 25.0% 20.0% 20.0% 20.0%
Embedment Depth (m) 0.75 0.10 0.00 0.00 0.10 0.40 0.30 0.30 0.30
Theta (rad) 3.017 1.011 0.000 0.000 0.952 2.094 1.855 1.855 1.855
Embedment Area (m2) 0.925 0.052 0.000 0.000 0.056 0.393 0.252 0.252 0.252
Opening Area (m2) 1.085 1.958 2.545 2.545 2.489 1.618 1.516 1.516 1.516
C 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
g 9.81 9.81 9.81 9.81 9.81 9.81 9.81 9.81 9.81
h (m) 0.44 0.76 0.91 0.91 0.86 0.61 0.91 0.91 0.91
Qactual (cms) 1.90 4.54 6.45 6.45 6.14 3.36 3.84 3.84 3.84

Existing Elev. of Top of Crossing (m) 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
Existing Channel Elev. (m) 0.25 -0.40 -0.70 -0.70 -0.60 -0.10 -0.40 -0.40 -0.40
Existing Channel Depth (m) 0.90 1.55 1.85 1.85 1.75 1.25 1.55 1.55 1.55

Proposed Elev. of Top of Crossing (m) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Sufficient Cover? (≥ 0.3 m) Yes Yes Yes Yes Yes Yes Yes Yes Yes
Proposed WSEL (m) 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11
Freeboard (m) 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
Proposed Obvert Elev. (m) 1.10 1.10 1.10 1.10 1.10 1.10 0.80 0.80 0.80
Proposed Invert Elev. (m) -0.50 -0.50 -0.70 -0.70 -0.70 -0.50 -0.70 -0.70 -0.70

Culverts @ Washout Culverts @ Causeway
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