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1 INTRODUCTION 

Metro Vancouver wishes to upgrade the Sheep Paddocks Trail between Pitt River Road and Mundy Creek in 
Colony Farm Regional Park on the west side of the Coquitlam River. The trail is to accommodate pedestrian and 
bicycle traffic and be built to withstand at least a 1 in 10 year flood. The project will be completed in three 
phases: 

1. Phase 1 – Route Selection 

2. Phase 2 – Detailed Design 

3. Phase 3 – Construction and Post-Construction 

This letter report provides hydrotechnical input for Phase 1 – Route Selection. Currently, a narrow footpath runs 
along the top of a berm on the right bank of the river. The trail suffered erosion damage in 2007 and was 
subsequently closed to the public but is still unofficially in use. Potential future routes include both an inland 
and river option, as well as combinations of the two.  

To investigate the feasibility of the different options and help identify the most appropriate trail alignment from 
a hydrotechnical perspective, NHC was retained to undertake the following Phase I scope of work: 

• Participate in three meetings. 

• Attend a site visit. 

• Estimate different return period river flows and comment on local drainage requirements. 

• Simulate flood levels and velocities corresponding to the different flows. 

• Review erosion hazards and recommend bank protection measures considering costs, environmental 
impacts and other criteria.  
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Together with the project team, NHC visited the site on June 26, 2013. Figure 1 shows different route options 
presently under consideration. This preliminary draft report provides a summary of hydrotechnical work 
completed to date. 

2 HYDROLOGY 

2.1 COQUITLAM RIVER  

The Coquitlam River flows into the Fraser River about 30 km upstream of the ocean and water levels in the 
lower Coquitlam are tidally influenced. BC Hydro operates the Coquitlam-Buntzen Hydroelectric project some 
17 km upstream of the Coquitlam River mouth. Construction of the Coquitlam Lake Dam began in the early 
1900’s and the dam has since been raised and upgraded several times. The watershed area is 193 km2 upstream 
of the dam and 79 km2 downstream. The two largest tributaries to the lower river are Or Creek with a drainage 
area of 23 km2 and Scott and Hoy Creeks with a combined area of 12 km2. 

Water Survey Canada operates a stream gauge, Coquitlam River near Coquitlam (08MH002), located at the CP 
Rail Bridge, about 2.5 km upstream of Pitt River Road. The gauge has been in operation since 1968. Most of the 
flow at the gauge originates from the tributaries of the lower river. According to the current operating regime, 
BC Hydro diverts a maximum of 40 m3/s from Coquitlam Lake to Buntzen Lake, and Metro Vancouver withdraws 
an additional 8 m3/s for municipal water supply. The mean annual maximum daily flow in lower Coquitlam River 
(since 1975) is 72 m3/s. For comparison, the mean annual peak daily flow prior to regulation was 270 m3/s 
(Letvak, 1976). The reduction in flow has resulted in a reduction of sediment transport capacity and has resulted 
in a narrowing of the active channel (NHC, 2001). 

Flood levels in the Lower Coquitlam River are a function of: i) high Fraser River freshet levels in combination with 
high tides; or, ii) heavy rainfall and rain-on-snow events in the Coquitlam River watershed in the fall and winter. 
In the project area upstream of Mundy Creek, the latter condition produces the higher flood levels for a 
particular return period event and also results in the highest erosion rates.  

2.2 DESIGN FLOWS 

Recorded annual maximum instantaneous and maximum daily flows for Station 08MH002 over the period 1975-
2011 are summarized in Table 1. Peak flows typically occur between October and February and floods are 
generally of short duration, only lasting a day or two. Instantaneous peak flows exceed daily maximums by an 
average factor of 1.75. Due to changes in the BC Hydro operating regime, the flow record is non-homogeneous. 
To better reflect present conditions, the frequency analysis did not include data prior to 1975. Some very large 
instantaneous peaks occurred in 1921 (675 m3/s), 1955 (450 m3/s) and in 1961 (675 m3/s). Considering present 
reservoir operating levels, flows of this magnitude would be highly unlikely. 

Most Global Climate Models show wetter winters and drier summers over southwest British Columbia with 
future climate change (Christensen et al 2007). Increased winter precipitation will likely increase runoff in the 
Coquitlam River watershed. The magnitude of the future change is however uncertain. APEGBC (2012) makes 
preliminary reference to peak flow increases in the order of 10% by year 2100 and to account for expected 
climate trends, estimated design flows were increased by this amount.  



1A
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2B

FIGURE 1
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Table 1. Observed annual maximum instantaneous and daily flows (WSC Station 08MH002). 

 
 
Maximum instantaneous flows corresponding to 5, 10, 25 and 50 year events are listed in Table 2. The frequency 
analysis was based on the Pearson Type III distribution. To estimate design flows for the project area, an 
allowance based on drainage area was included for the tributary flows downstream of the stream gauge. 

Year
Max. Inst. 

Flow (m3/s)
Max. Daily 

Flow (m3/s)
1975 199 166
1976 77.9 41.1
1977 142 55.8
1978 59.5 30.9
1979 - -
1980 169 117
1981 149 102
1982 103 52.6
1983 115 80
1984 127 72
1985 74.9 33.8
1986 103 71
1987 62.4 36.2
1988 87.5 35.6
1989 158 80.6
1990 - -
1991 143 112
1992 - 37.6
1993 58.2 30.5
1994 95.9 70.1
1995 177 104
1996 72.8 52.1
1997 124 84.2
1998 160 81.5
1999 97.2 49.2
2000 67.7 27.5
2001 95.3 52.4
2002 136 93.5
2003 211 87.9
2004 201 116
2005 161 92.1
2006 191 106
2007 215 117
2008 75 37.8
2009 149 65.9
2010 106 73
2011 107 58.4
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Table 2. Estimated maximum instantaneous design flows. 

Return Period 
(yrs) 

Flow at 
08MH002 

(m³/s) 

Flow + 
10%        

(m³/s) 

Incl. Local 
Inflows 
(m³/s) 

5 162 179 201 
10 188 207 233 
25 219 240 271 
50 240 264 297 

 

The highest observed flow during the 1975 to 2011 period occurred in 2007 and had a return period of about 25 
years. This flood event caused considerable damage to the Sheep Paddock Trail and resulted in Metro 
Vancouver closing it. The flood lasted only about a day (March 11) and the instantaneous peak flow was nearly 
twice the daily value. 

2.3 LOCAL DRAINAGE 

Local drainage flows from the Sheep Paddock area will be evaluated to assist the structural engineer with sizing 
bridge and culvert crossings along the trail. To date, this work has not been completed since flow estimates will 
be a function of the selected trail alignments and ditch/bridge crossing locations. For Route 1, available relevant 
Coquitlam drainage reports will be reviewed along with any flow information for Mundy Creek. For Route 2, 
culvert requirements will generally be the same as through the railway embankment.  

3 HYDRAULIC MODELLING  

3.1 COQUITLAM RIVER WATER LEVELS 

As part of a flood and dike assessment study for the Cities of Coquitlam and Port Coquitlam, NHC (2001) 
developed a HEC-RAS model of the Coquitlam River. The model was based on surveys from year 2000 and 
included eight cross-sections between Pitt River Road and Mundy Creek. Some channel changes have likely 
occurred over the past 13 years as the river in this reach is known to be aggrading somewhat. However, re-
surveying the river and updating the model was outside the scope of the present project. Figure 2 shows NHC’s 
cross-section layout and the floodplain mapping developed as part of the previous project.  

The HEC-RAS model was run for both the summer (high Fraser backwater) and winter (high Coquitlam River 
flow) scenarios. The winter scenario was found to cause higher water levels in the study area for equivalent 
return period events. As a boundary condition, the winter modelling assumed a high tide of 2.2 m in the Fraser 
River at Coquitlam River outlet. Simulated water surface elevations are listed in Table 3 and plotted in Figure 3. 
The top elevation of the berm is also plotted and shows that the present berm between River Stations 6.5 and 9 
is very low and is relatively frequently overtopped. During the 2007 flood, when the trail sustained extensive 
damage, it was probably caused mainly by overtopping rather than bank erosion. 
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Table 3. Simulated design water levels (m) GSC. 

T= 5-yr 10-yr 25-yr 50-yr 
River 
Sta (m) (m) (m) (m) 
9 4.7 4.8 5.0 5.0 
8 4.7 4.8 4.9 5.0 

7.2 4.6 4.8 4.9 5.0 
7 4.4 4.5 4.7 4.8 

6.5 4.0 4.1 4.3 4.4 
6.3 3.6 3.8 4.0 4.1 
6 3.4 3.6 3.8 3.9 

5.5 3.2 3.4 3.6 3.7 

3.2 COQUITLAM RIVER FLOW VELOCITIES 

Average channel velocities were also estimated using the HEC-RAS model. To give the highest velocities for the 
selected flows, a low tide level of -0.35 m was assumed.  Table 4 summarizes flow velocities, ranging from a low 
of about 1 m/s up to 1.7 m/s. The flow velocity estimates form input to the bank protection and trail surfacing 
design. 

Table 4. Simulated average channel velocities. 

T= 5-yr 10-yr 25-yr 50-yr 
River 
Sta (m/s) (m/s) (m/s) (m/s) 
9 1.4 1.5 1.6 1.7 
8 1.1 1.2 1.2 1.2 

7.2 1.0 1.0 1.0 1.0 
7 1.1 1.1 1.1 1.1 

6.5 1.6 1.7 1.7 1.8 
6.3 1.9 1.8 1.7 1.7 
6 1.0 1.0 1.0 1.1 

5.5 1.1 1.2 1.2 1.3 

3.3 FRASER RIVER WATER LEVELS 

Contrary to the flashy Coquitlam River behaviour, Fraser River high water levels may last for several weeks 
during the spring freshet. Fraser River flood levels at the Coquitlam confluence for a range of Fraser return 
periods are listed in Table 5. During the freshet, Coquitlam River flows are quite low and Fraser levels can be 
projected horizontally to the project area. Even the Fraser 5-year event would overtop the lowest point of the 
present berm. The Fraser design event, with an approximate 500-year return period, would have a local water 
level of 4.7 m and essentially inundate the full length of the present berm. 
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Table 5. Estimated design water levels due to Fraser flooding. 

Return Period 
(yrs) 

Water Level 
(m) GSC 

5 2.7 
10 3.0 
25 3.4 
50 3.8 

4 CHANNEL GEOMORPHOLOGY 

4.1 HISTORIC CHANNEL CHANGES 

The Coquitlam River at Colony Farms has a sinuous, single thread channel with occasional point bars. In the past, 
large volumes of gravel were removed from the river, a practice discontinued in the 1960s. A previous 
comparison of bed profiles showed some degradation upstream of Pitt River Road Bridge and aggradation in the 
Colony Farms area. Coquitlam Lake traps sediment from upstream of the dam and in the lower river the bed-
load material comes mainly from Or Creek. The sediment supply used to be much greater due to bank instability 
and poor logging practices in the watershed but following increased flow regulation and natural re-vegetation, 
sediment transport has gradually reduced. The present channel near Colony Farms is relatively stable and 
significant channel shifting due to aggradation, degradation, or large flows has not occurred based on the air 
photos reviewed from 1946, 1995, 2005 and 2012. 

In the project area, at the outside of several river bends, rows of logs have been driven into the channel bed 
(Photo 1).  It is unclear from the air photos when these logs were originally installed. The purpose of the logs 
may have been to stabilize the banks, provide a depository area for dredge spoil or help guide logs being 
transported downstream to saw mills.  

 
Photo 1. Typical row of logs at outside of bend, view upstream.  
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Figure 4 shows a 2005 orthophoto with 2012 banklines superimposed.  In spite of the large flood in 2007, only 
limited changes can be observed. A minor right bank ‘scallop’ is noted in the 2012 banklines, not visible in 2005. 
It is not clear from the photo what caused it; possibly a small woody debris obstruction (such as a root wad) that 
forced the current towards the bank. Several trees are visible on the channel bed in the 2012 high resolution 
imagery available at the Coquitlam GIS website, not present in earlier imagery. Some of the trees may have 
floated downstream, but most appear to have fallen in the river either from bank sloughing or beaver activity.  
 

 
 
Figure 4: 2005 orthophotography with 2012 banks superimposed. 



 
 
Coquitlam River   
Preliminary Hydrotechnical Assessment 
Page 8 of 12 
 
A 1995 orthophoto is shown in Figure 5, again with the 2012 channel banks superimposed. Some channel 
shifting is evident at two locations, where sediment accumulation on right bank point bars forced the channel 
towards the left bank during the period between 1995 and 2005. There appears to have been roughly 5 - 10 m 
of lateral erosion at each site, however vegetation cover obscures the exact bank location. This erosion would 
not have affected the Sheep Paddock Trail, located on the right bank of the river. 

 
 
Figure 5: 1995 orthophotography with 2012 banks superimposed. 
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Figure 6 shows the channel in 1946, following several decades of flow regulation but prior to gravel removals 
and the large floods in 1955 and 1961. The flood dikes near Colony Farm had been constructed and may have 
restricted channel migration. Compared to the superimposed 2012 bank lines, the channel changes are still 
quite minor. The 1946 channel was wider but had a similar sinuosity and the location of outer channel banks is 
unchanged compared to the present channel. The left bank slough visible in the 1946 image persists in the same 
location today. Despite the recent erosion observed in the field, the channel is considered overall stable and has 
largely maintained the same general pattern and location since 1946. 

 
 
Figure 6: 1946 aerial photograph with location of contemporary (2012) channel banks. 
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5 DESIGN CONSIDERATIONS 

Figure 1 showed the identified trail route options. The simulated water levels listed in Section 3.1 apply directly 
to the river routes 1A and 1B. To estimate water levels along the inland routes (2A and 2B), the flood levels can 
be projected from the river, roughly perpendicularly to the railway. Flood levels along 3B are approximately the 
same as at the end point where this trail intersects 1B. 

Modelled flow velocities apply to the river route, flow velocities along the inland routes would be close to zero, 
with water ponding along the trail.  

The following design considerations are provided:  

Trail inundation: 

• The water surface profiles plotted in Figure 3 would be of short duration, typically lasting for only a few 
hours. The profiles are likely somewhat conservative, considering the HEC-RAS model was run in steady 
state mode, discounting flows that would go into storage on the floodplain.  

• The generally lower Fraser freshet levels could last for several weeks. 

• The top of Trail 1A is at approximately elevation 4.0 m or higher. The upstream half of Trail 1B is at 
about 3.5 m, dropping to below 3.0 m over the downstream half. To prevent overtopping up to the 10-
year flood, the trail would need to be raised by as much as 2.3 m at the lowest point or, incorporating a 
freeboard allowance of 0.3 m, by 2.6 m. Raising the berm by this amount may not be practical 
considering the corresponding increase in width to achieve stable side-slopes of 1V: 2H.  

• For high flow conditions, raising the present berm would reduce the channel conveyance and floodplain 
storage, affecting upstream water levels. For permitting, it must be shown that there are no adverse 
impacts to nearby areas. Whereas upstream water level impacts can be approximated using the 
hydraulic model, it is expected that only relatively minor increases to the berm crest elevations will be 
permissible. Along several rivers in Washington State, berms and levees are being set back from rivers to 
reduce potential flooding and to provide for more natural river environments. Upgrading the trail, would 
have a somewhat reverse effect. 

• Flows overtopping the trail, even for a short time period, would likely cause some damage unless the 
trail was specifically designed for overflow (such as a concrete weir). Even if designed for overflow, 
clearing of debris and some maintenance of the trail would likely be required following a flood. The use 
of coarse crushed rock under the trail surface layer is recommended. Most of the damage to the trail in 
2007 was probably caused by flow overtopping the berm and debris being driven up against it.  

• Constructing a trail along the railway would have negligible impact on upstream water levels and 
floodplain storage. 

• Designing to the 10 year flood seems appropriate. The corresponding instantaneous maximum flow of 
233 m3/s is considerably higher than BC Hydro’s periodic releases plus local inflows. On average the trail 
will have to be closed for less than a day once in 10 years.  

 

 



 
 
Coquitlam River   
Preliminary Hydrotechnical Assessment 
Page 11 of 12 
 
 

 

 

River erosion: 

• Trail 1A is largely set back from the river while 1B runs adjacent to the river over most of its length. 
There are three outside river bends, potentially at risk of erosion. The most upstream bend (at the upper 
end of 1B) makes a tight bend with a radius of about 50 m, requiring bank protection over roughly 
180 m. The next downstream bend has a 100 m radius, requiring protection over 250 m. Half of this 
length corresponds to Trail 1A and the other half to 1B. The most downstream bend has a 60 m radius, 
with potential bank protection needs over a 160 m length. Trail 1A is set back at least 10 m at this bend. 

• Several large trees grow on the berm and its side slopes. Many of these have been damaged by beavers 
and will eventually fall down, locally disturbing the berm. If the berm is upgraded, a number of mature 
trees will need to be removed. Some trees have already fallen, criss-crossing the channel reducing flow 
capacity and directing flow towards the banks in some areas, exacerbating bank erosion. 

• Bank erosion protection in the form of riprap rock, large woody debris (LWD) or engineered log jams 
(ELJ) in combination with plantings, wooden retaining walls or wood crib walls are considered to be 
viable options. From an environmental perspective, riprap is less desirable while the woody debris could 
somewhat enhance fisheries values. Considering the relatively high flow velocities at the outside of the 
river bends, the protection measures need to be fairly robust although long-term bank retreat was not 
evident from the air photos. River bank slopes are oversteepened and side slopes will need to be 
reduced by shifting the berm crest inland at erosion prone areas. 

• Typical costs ($/m of bank) for riprap and LWD are of the same order. If a good source of cedar/fir logs 
with root wads attached is available, the LWD installations may become more economical. Cottonwood 
logs are not recommended as these disintegrate quite rapidly. A typical LWD installation is shown in 
Photo 2. (The Coquitlam protection would be significantly smaller in size). 

• Based on flow velocities and the channel geometry, a rock size with a D50 of 450 mm (100 kg) would 
likely be sufficient and as a preliminary cost, $1,000/m can be adopted. A rough cost estimate of riprap 
for the entire project area (1A and 1B) would then be in the order of $600,000. The cost for LWDs would 
be approximately the same.  
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Photo 2. South Fork Nooksack River LWD/ELJ bank protection 
 
 

6 CLOSURE      

The information presented is preliminary and is provided for discussion. If you have any comments or questions, 
please do not hesitate to contact us at 604.980.6011. 

 
Sincerely, 
northwest hydraulic consultants ltd. 
 
       Reviewed by 
original signed by 
 
Monica Mannerström, M.Eng., P.Eng.    Barry Chilibeck, P. Eng. (NHC) 
Associate       Principal 
 

     
 

DISCLAIMER 
This document has been prepared by Northwest Hydraulic Consultants Ltd. in accordance with generally accepted 
engineering practices and is intended for the exclusive use and benefit of Metro Vancouver, Lees+Associates and their 
authorized representatives for specific application to the Sheep Paddock Trail Alignment Project (Coquitlam River). The 
contents of this document are not to be relied upon or used, in whole or in part, by or for the benefit of others without 
specific written authorization from Northwest Hydraulic Consultants Ltd. No other warranty, expressed or implied, is 
made. 
 
Northwest Hydraulic Consultants Ltd. and its officers, directors, employees, and agents assume no responsibility for the 
reliance upon this document or any of its contents by any parties other than Metro Vancouver and Lees+Associates.  
 




