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1.0 Introduction 
 

The City of Quesnel (City) experiences inconveniences dealing with the annual high river water level events that 

cause some flooding of low-lying areas and a disruption to at least one road (Johnston Bridge Loop).  Less frequent 

but higher flow events have impacted private properties and public infrastructure.  Every year the City must also 

monitor and decide what actions to take based on expected river levels. 

 

In 1992 the Province of British Columbia led in developing floodplain mapping for the community to help 

communicate the extent of a major high water event, noted as a 1 in 200-year return period event, also referred to 

as an event that has a 0.5% chance of occurring any given year.   

 

Having access to more accurate elevation data and wanting to consider the potential impact of climate change, 

motivated the City to update the analysis.  The City then sought funding to undertake a study to better understand 

the risks associated with riverine flooding faced by the community and update the floodplain maps which were 

prepared in 1992.   

 

A grant was received from the National Disaster Mitigation Program (NDMP) to undertake the flood analysis and 

flood hazard assessment.  The purpose of this study is to provide information related to the risks and hazards 

associated with high flow rates of the Fraser River and Quesnel River in the City of Quesnel. The study includes 

the following tasks: 

• Gather and review available background information in order to better understand the hydrologic and hydraulic 

conditions in the study area that contribute to flooding; 

• Undertake an assessment of the flood hazard faced by the community, with a focus on the extent of public and 

private property and infrastructure at risk due to flooding; 

• Estimate design flow rates for assessing the flood hazard based on historical records; 

• Undertake a hydraulic assessment of the river in order to establish water surface elevations during the design 

flood; 

• Assess the effects of potential flood protection works that would protect the community against the identified 

design flood; 

• Assess the potential impacts of future climate conditions on the severity and frequency of the hazard event, 

and 

• Prepare floodplain maps that identify the hazard areas and associated water surface elevations. 
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2.0 General Description of the Study Area 
 

This floodplain mapping investigation involved a detailed hydrologic model (provided in Appendix A) and a hydraulic 

analysis (provided in Appendix B) of the Fraser and Quesnel Rivers, Baker Creek and Dragon Creek. The study 

area comprises a 12.3 km reach of the Fraser River through the City of Quesnel, a 4.4 km reach of the Quesnel 

River, a 3.9 km reach along Baker Creek and a 1.2 km reach along Dragon Creek. The extent of the study area, 

including all these river channels, are shown in in Figure 1 of Appendix B.  

 

The Fraser River originates in the Rocky Mountains and, at the City of Quesnel, it flows in a southerly direction and 

has a drainage area of approximately 100,000 km2. The Quesnel River flows in a southwesterly direction and 

discharges into the Fraser River at the south end of the city. Baker Creek is a small tributary of the Fraser River 

that flows from the west and enters the River just upstream of the Quesnel River confluence. Dragon Creek is a 

tributary of the Quesnel River draining from the east and entering the River via a 1,200 mm culvert under Johnston 

Avenue. Drainage basins are shown in Figure 2 of Appendix B.  

 

 

3.0 History of Flooding 
 

The City of Quesnel is vulnerable to high flood water in the Fraser and Quesnel Rivers, which in turn causes flooding 

due to backwater along Baker Creek and Dragon Creek.   

 

Baker Creek can have risk of flooding and damage due to debris building and ice jam releases, but those flood 

mechanisms are different than high river flows.  Dragon Creek could have flooding occur due to sediment buildup 

in the channel or a sudden release of water should temporary damming occur of the channel upstream of properties, 

which are also not prompted.  Those issues are outside the scope of reviewing the floodplain due to high flow rates.    

 

Maximum flows in the Fraser and Quesnel Rivers typically occur in the late spring and early summer as a result of 

snowmelt. One clear example of snowmelt related flooding was the 1972 flood, which resulted from extreme snow 

accumulation during the winter followed by warm weather in the spring. A peak flow of 6,510 m3/s was recorded at 

the Fraser River near Marguerite hydrometric station (08MC018) located downstream of the City. This 

corresponded to a 50-year return period flood and resulted in severe flooding, particularly in West Quesnel near 

the Baker Creek confluence (Photo 1) and upstream of the Fraser Bridge Crossing. Flooding on the Quesnel River 

occurred near the confluence and at the public works yard on the right bank (Photo 2).  
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Photo 1 - 1972 – Flooding at Lower End of Baker Creek Near Confluence with Fraser River (Source B.C. Ministry of Environment) 

 

 

Photo 2 - 1972 – Public Works Yard – 50 Year Return Period Flood (Source: City of Quesnel) 

 

Prior to 1972, there are several recorded flooding events, including in 1967 (with a recorded peak flow of 6,120 

m3/s), and in 1948 flood, which resulted in inundated areas on the left bank of the Fraser River next to the Quesnel 

River confluence, along the Quesnel River and on in the vicinity of the Baker Creek confluence. Photo 3 below 

shows flooding of the Public Works Yard during the 1948 event.  
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Photo 3 - 1948 – Public Works Yard – 1992 Floodplain Mapping Design Brief Indicates this Flood is Estimated to be the Same 

Magnitude as the 1972 Flood (From Quesnel Museum - Source: Jack Ives from Branwen Patenaude’s Originals) 

 

More recent floods include the 1990 flood, which occurred at the beginning of June, similar to the 1972 event, was 

the result of sudden warm weather that led to rapid snowmelt. A maximum daily discharge of 5,790 m3/s was 

recorded at the Marguerite hydrometric station, which corresponds to approximately a 10-year flood. Photo 4 shows 

the extent of flooding near the confluence of the Fraser and Quesnel Rivers and Baker Creek. The Riverfront Walk 

and a portion of Legion Drive were inundated.  Other areas on the west bank of the Fraser River (upstream of the 

bridges and the underpass of the Moffat Bridge) were also flooded. High water levels lasted for almost seven days. 

 

Photo 4 - June 21, 1990 - Flow Near the Confluence of Fraser River, Quesnel River and Baker Creek  

(Source: Perry’s Picture Place, Quesnel) 

 

In 2007, the City experienced higher water elevations as a more recent occurrence, but not to the extent witnessed 

in the 1948 or 1972 events.   A maximum daily discharge of 5,480 m3/s was recorded as the 2007 high flow at the 

Marguerite hydrometric station, which was slightly below the 1990 event.  In 2007, ss with the 1990 event, portions 

of the Rivers Trail and lower areas of road under the Johnston Bridge and Moffatt Bridge (west side) were flooded.   
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Predictions during Spring 2007 indicated that a higher than usual flood level was expected, which resulted in the 

City taking pre-emptive measures such as constructing a temporary berm behind West Park Mall and along the 

lower elevation portion of North Fraser Drive.  A severe flooding event did not occur, but it helped the City to 

understand the efforts required to implement temporary flood measures. 

 
 

  
 

Photo 5 - 2007 – Temporary Flood Protection Along Fraser River Upstream of Bridge Crossings (Source: Urban Systems Ltd.)  

 

 
 

Photo 6 - 2007 – Temporary Flood Protection Along Baker Creek Near Confluence of Fraser River (Behind West Park Mall) (Source: 

Urban Systems Ltd.) 

 

 

  



C I T Y  O F  Q U E S N E L  |  F l o o d  H a z a r d  a n d  F l o o d p l a i n  M a p p i n g   

 

 Page | 6   

4.0 Peak Flow Estimation 
 

The previous floodplain mapping study that was completed in 1992 (entitled Floodplain Mapping Investigation, 

Fraser and Quesnel Rivers at Quesnel, Design Brief and prepared by Northwest Hydraulics Consultants Ltd.) was 

carried out under the Canada-British Columbia Floodplain Mapping Agreement, and contains important information 

regarding past flooding events, study area hydrology.  This report had been used as the basis for the creation of a 

set of floodplain maps which the City had used as part of the Floodplain Bylaw since their preparation.  The existing 

floodplain maps from that study which are applicable to the current study area are included in Appendix B for 

information and comparison purposes. 

 

A foundational part of the floodplain mapping process is to review climatic information in order to establish climate 

conditions in Quesnel and estimate the magnitude of the design flood events.  One of the most important factors in 

predicting flood events is to gain an understanding of the driving factors involved. A flood event may be driven 

primarily by rain or snowmelt, a combination of the two, or other processes such as debris flows and ice related 

impacts. To understand the impact of precipitation and snowmelt on flows within the watersheds, streamflow data 

was reviewed alongside weather data in the area (precipitation, temperature, and snowpack). From this analysis, it 

was shown that peak flows in these rivers are primarily driven by springtime snowmelt and exacerbated by spring 

rainfall on the melting snow.   

 

As shown in the adjacent graph, the calculated 

instantaneous peak flows for the Fraser River and the 

Quesnel River are 7,903 m3/s, and 1,306 m3/s 

respectively.  Appendix A provides a summary of that 

analysis. 

 

Quesnel River flows went down slightly compared to 

the 1992 analysis because the last 30 years of flows 

indicate there have not been as many higher flow 

events. That brings the average peak down.  

  

The Fraser River flow increased since the 1992 

analysis. Records of the 1992 analysis do not give 

enough detail to determine exactly how it was 

calculated. A recent, separate Fraser River flow 

analysis completed by McElhanney Consulting as part 

of their 2019 bridge pier scour review of Johnston 

Bridge calculated the river’s flow to be almost the same 

as the 2019 analysis. 

 

Based on historical data, peak flows on Baker Creek are independent from flows on the Fraser; on average, peak 

flows on Baker occur 33 days before the flow peaks on the Fraser. Most often, Baker peaks in the first or second 

week of May, while the Fraser peaks in the second week of June.  As peak flows on Baker Creek are not coincident 

Summary of Peak Flows 
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with the two rivers, the average flow on Baker Creek was used during June (when peak flows for the Fraser River 

are most likely to occur) in the modelling. 

 

In contrast, Fraser River and Quesnel River peak flows often occur very close together. The peaks are within 2 

days of each other for 10 of the 16 years for which overlapping flow records are available.  Historical flood events 

with concurrent flows include: 

• 1972, the largest flow recorded on the Fraser: peak flow in the Quesnel occurred 2 days later 

• 2012 (the 2nd largest recorded flow), 2002, and 2000: Quesnel peaked 1 day after the Fraser.   

• 2007, 1999, and 1974: Quesnel and Fraser peaked on the same day 

• 1973 and 2009: Quesnel peaked 1 day before the Fraser 

 

Although the peak flows do not coincide every year, the majority of the largest floods historically show the Fraser 

and Quesnel rivers peaking on the same day (on average). Therefore, it is realistic to assume that the 200-year 

flows on the Fraser and Quesnel rivers could occur at the same time.  

 

5.0 Potential Future Climate Change Impacts 
 

Consideration of climate change adaptation is becoming an increasingly common aspect of hydrologic analysis.  

Professional engineers practicing in BC are required by their professional association, EGBC, to consider the issues 

surrounding climate change so that informed decisions can be made about adaptation.  Professional responsibilities 

are outlined in the EGBC position paper A Changing Climate in British Columbia – Evolving Responsibilities for 

APEGBC and APEGBC Registrants. 

 

EGBC’s Professional Practice Guidelines for Flood Mapping in BC summarizes the implications of projected climate 

change with regard to flooding in BC, and the key changes relevant to Quesnel are:  

• an increase in frequency and intensity of severe rainstorms and increased snowmelt rates, causing greater 

peak discharges for a given annual exceedance probability; and  

• an increase in the frequency and magnitude of floods due to phenomena such as insect infestations and forest 

fires. 

 

Climate change is expected to cause different levels of impact on any given region, municipality, or site, depending 

on characteristics such as topography, watershed size, level of development, and existing infrastructure capacity. 

Since the social and economic impact of climate change on flood-related events has the potential to be substantial, 

site-specific evaluation of projected climate change impacts is important for preparedness. 

 

5.1 Climate Change and Freeboard 

The analysis of climate change work is summarized in Appendix A.  That engineering analysis concluded that an 

increase in peak flows due to climate change is predicted to be 10%.  Discussions then occurred with the City about 
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the degree of uncertainty associated with climate change predictions and how freeboard is typically applied to 

account for wave action, downstream watercourse blockages that could raise water levels, modelling uncertainties.  

The practice in British Columbia is to use a 0.3 m freeboard above the 1:200-year return period peak flow when 

instantaneous peak flow modelling, as what was completed for this study, is used. 

  

Wave action would not be as significant a factor on the rivers compared to more open water.  Historically there 

have been no reported ice jams in these rivers that result in appreciable water level increases and peak flows occur 

in June when ice jams are not a factor in Quesnel.  Therefore, the freeboard in Quesnel would relate more to 

uncertainties in modelling and a factor of safety related to an uncertainty related to the impact of climate change. 

 

For comparison purposes it was decided that the following two scenarios would be considered for modelling: 

1. Applying a 10% peak flow increase due to climate change and a 0.6 m freeboard  

2. Applying a 20% peak flow increase due to climate change and a 0.3 m freeboard 

 

Both scenarios apply a factor of safety for emergency planning purposes.  If the 10% peak flow increase is too low 

then the additional freeboard could compensate.  Alternatively, if the estimated peak flow is increased to 20% to 

allow for a degree of additional conservatism then applying the 0.3 m freeboard associated with the peak 

instantaneous computer modelling is applied.   

 

Section 7 of this report provides a review of the analysis results, with the two scenarios presenting almost the same 

water levels.  Applying a 20% peak flow increase due to climate change and 0.3 m freeboard was therefore selected 

for the modelling and the risk assessment.     

 

 

6.0 Channel Stability Assessment 
 

Historic air photos were reviewed for the study area for 1996 and 2018 to help identify changes in the river channels 

over the 22 year period. That timeframe included some higher flow events, such as the 2007 event, to help identify 

if there have been changes over time.  That timeframe also allows for review of Quesnel River stability after the 

outer bank of the river underwent erosion protection between the Highway 97 and Johnston bridges. Images along 

the west side of the Fraser River, where major flooding and channel erosion would have impacts on many properties 

and transportation routes, where also reviewed, going back as far as 1949.  Those images are presented in 

Appendix C.   

 

Of particular interest, the images show the following: 

• The expansion of the community and increasing amounts of community development adjacent to the river over 

that period of time.  Of specific interest, is the development along the west side of the Fraser River that is shown 

in the floodplain mapping as being under the 200-year return period flood level. 

• The west bank of the Fraser River has been relatively stable over time. 

• The development of major road and rail transportation routes, however, the majority of that infrastructure is not 

being impacted by the high water levels. 
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• Historic lateral movement of the channel thalweg of the main Quesnel River has occurred, especially upstream 

of the Johnston Bridge, as shown by bank protection measures being installed and shifting of the gravel bars.  

However, the rivers have not moved in dramatic ways over very long periods of time. 

In addition to the historical photos, review of the bridge pier information available from the 1992 study was also 

compared with more recent channel conditions, as provided by McElhanney Consulting Ltd. in 2019, as summarized 

in their study entitled Moffatt and Johnston Bridge Scour Assessment.  The results indicate that the channels at the 

bridges are relatively stable, with one pier of the Johnston Bridge being recommended to undergo some additional 

pier protection due to some scour occurring.   

 

Bathymetric surveys of the Quesnel and Fraser Rivers were completed for the development of both the 1992 and 

2020 floodplain delineation models. We completed a comparison of channel cross-sectional geometry from these 

two surveys based on the information available in the 1992 Floodplain Modelling Report (NHC). This analysis 

showed little to no bank migration on either the Quesnel or Fraser rivers over the past 27 years. The cross-sectional 

geometry of the Fraser River appears to be relatively stable. The channel thalweg has shifted slightly in some 

locations, particularly along the Quesnel River, which sees considerable sediment transport and aggradation. 

Lateral movement at bridge locations appears to be minimal. 

 

The assessment indicates that the main channel of the Fraser River is relatively stable, and this limited assessment 

does not indicate that the river’s banks within the developed areas of the City are prone to dramatic movement.  

However, the encroachment of development adjacent to the river can be expected to be at risk of flooding during 

extreme events as a result of its proximity to the river. 

 

The Quesnel River has experienced bank erosion and, in some areas, investment in erosion protection work by 

both the City and private entities has been required to protect property and infrastructure.  These investments, and 

the natural migration of the river channel, however are not expected to have an impact on the 200-year return period 

flood level.  The portion of the river channel near the confluence with the Fraser River, which is the area where 

most of the high water (and backwater effect) of the Quesnel River is experienced, is not viewed as an area of 

deposition of sediment that would reduce stream cross-sectional area.   

 

It is important to note that, although impacts of river channel migration on 200-year return period water levels may 

be negligible, erosion of the banks of the Quesnel River should be monitored and mitigated.  For example, the 

Cariboo Pulp and Paper Company completed channel protection in almost 15 years ago to avoid a major impact to 

their treatment lagoon.  Damaging the pulp mill’s lagoons with a release to the river could be a significant 

environmental event.  It is important for property owners and the City to remain vigilant in monitoring and mitigating 

against bank erosion.   

 

Major bank movement due to unstable slopes does occur in the region.  For example, just north of the City boundary 

along the Fraser River, is the Knickerbocker Slide.  A major slide could shift a river’s direction and a very large slide 

could have the potential of damming a watercourse.  It is noted that the likelihood of a major land movement that 

could change or temporarily increase river flows may not be high when considering flood levels in the municipality 

given the size of the Fraser River and Quesnel River channels.  It is however outside the scope of this flood hazard 

assessment to identify the likelihood or hazards that could result from such a catastrophic event.  Including 

freeboard when determining high water levels also provides a degree of conservatism to help mitigate the risk. 
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7.0 Hydraulic Modelling 
 

A computer model of the river channel was constructed, with specific details about that modelling process and the 

results being provided in Appendix B.   

 

LiDAR survey information that was gathered during a flight on May 22, 2018 and bathymetric survey of the Fraser 

River and Quesnel River was gathered on July 3, 2019.  Information about bridge structures within the two river 

channels was also collected from survey information, record drawings and site review.  Details of the crossings 

included channel cross-section information at some structure locations, as well as the size and shape of piers, top 

of bridge and underside of bridge elevations, and abutment locations and dimensions.  Each of the structures was 

modelled based on the detail that was available.  There are no other structures, such as dams or weirs, in the study 

area.   

 

The calibrated model was then used with the inflow hydrographs with peak flow rates calculated with the application 

of a 20% increase in flows due to climate change in order to determine the flood extents.  The flood extents for the 

water surface elevation resulting from the 200-year return period event, including a freeboard allowance of 0.3 m, 

have been mapped to produce updated floodplain maps, which are presented in Appendix B.  The floodplain maps 

assume that no flood protection works have been undertaken. 

 

The calculated water surface elevations (WSE) have been compared to the calculated WSEs from the 1992 study, 

and the results are presented in Appendix B.  The 1992 study incorporates a 0.6 m allowance for freeboard but 

does not take into account an increase in flow due to climate change.  The current study accounts for the possible 

effects of climate change and applies the 0.3 m freeboard allowance.  In all cases, the revised WSEs are greater 

than the values calculated in the 1992 study, as shown in the examples in the below table, with maps showing 

cross section locations provided in Appendix B. 

 

Table 7.1: Sample River Cross Sections and Related 200-Year Return Period High Water Elevations 

 
Urban Model X-

Section 

1992 NHC WSE 

Includes 0.6 m 

freeboard (m) 

2020 USL WSE 

Includes 10% CC + 

0.6 m Freeboard 

(m)  

2020 USL WSE 

Includes 20% CC + 

0.3 m Freeboard 

(m) 

Fraser River, Downstream 

of Quesnel River 

Confluence 

1028 472.10 472.65 472.83 

1041 472.45 473.08 473.15 

1001 472.97 474.07 474.06 

Fraser River, Upstream of 

Quesnel River Confluence 

1010.6 473.17 474.37 474.25 

1023 473.44 474.68 474.66 

  Quesnel River 

1012 473.15 473.83 473.82 

1021 473.22 473.85 473.84 

1030 473.43 474.03 474.01 

1051 474.10 474.47 474.25 
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8.0 Risk Assessment 
 

The EGBC Professional Practice Guideline Flood Mapping in BC defines flood risk as the combination of the 

probability of a flood event and the potential adverse consequences to human health, the environment and 

economic activity associated with a flood event. The process of risk assessment involves estimating flood hazards 

and the consequences for each hazard, and combining the results to obtain an overall estimate of the expected 

risk.  

 

As illustrated in the previous sections, the most significant type of flood hazard identified in Quesnel, that have the 

potential to put people and property at risk, is surface flooding related to events of varying flood frequencies.  

Riverbank erosion is also a risk, but it is predicted that neither of the rivers are active enough to represent a 

significant hazard especially with proactive monitoring by various parties.  There may be localized erosion 

circumstances but in most cases they are of a scale that relate to few properties.  The Quesnel River does present 

some channel instability, but it is assumed that the City, Cariboo Pulp and Paper Company and transportation 

agencies will continue to monitor for changes in the riverbanks and address any issues proactively. 

 

Engagement sessions occurred with a variety of stakeholders and included discussions with members of 

emergency services, other government organizations, private companies and the public.    That process helped to 

outline hazards and possible mitigating practices.  The engagement included an overview of hydrologic and 

hydraulic conditions.  Data related to flood flow rates, flood extents, ground surface elevations, and flood affected 

properties were used as a preliminary basis for understanding the scope and scale of a 200-year return period 

event.   

 

A result of this work is the summarized review of impacts and possible mitigation efforts that could be considered 

within the scope of the City of Quesnel’s roles and responsibilities as a local government.   

 

Another deliverable is the completion of an updated Risk Assessment Information Template (designed for the 

National Disaster Mitigation Program by Public Service Canada) to help summarize the risks to the community due 

to a 200-year return period flood event.  A copy of the completed Risk Assessment Information Template is provided 

in Appendix D.  

 

8.1 Summary of Impacts 

Impacts are organized in the Risk Assessment Information Template in the following categories: 

• People and Societal – displacements, injuries and deaths; 

• Local Infrastructure – transportation; health, food and water; energy and utilities; information and 

communication technology; and safety and security; 

• Environmental – damage to or loss of natural assets; 

• Economic – local impacts, including property damage, productivity losses, economic disruptions, clean up and 

restoration costs; and 
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• Public Sensitivity – public perception of government institutions, and trust and confidence in public institutions, 

should the identified hazards and vulnerabilities be realized. 

 

This section of the report provides information on the above noted impacts due to a major flooding event in Quesnel 

to allow the City to identify priorities and direct its efforts in flood risk mitigation.   

 

People and Societal 

The impact to people and society from flooding can be significant. Some form of human suffering is almost always 

associated with damaging floods, through displacement, loss of assets or personal safety. These impacts can be 

very difficult to quantify.  

 

The magnitude of the risk of loss of life depends largely on whether the flood was predicted and if appropriate 

warning and evacuation takes place. In Quesnel, it is unlikely that surface flooding  will occur with no warning, as 

the rivers are monitored by the river forecast centre, but it is still a possibility that dikes may fail with little notice or 

warning, particularly if this happens at night.  

 

A loss of life calculation was completed for assumed worst-case scenarios in order to provide the City with a sense 

of the magnitude of this risk. This calculation was completed for only the surface flooding scenario using the RCEM 

- Reclamation Consequence Estimating Methodology (US Department of the Interior Bureau of Reclamation 2015) 

as a resource. The results of the calculations are presented in Table 8.1. 

 

Table 8.1 – Example Worst-Case Loss of Life Calculation 

Hazard Type Surface Flooding 

Location Fraser and Quesnel Rivers 

Area at Risk Residential and Commercial Areas Adjacent to Rivers 

Assumed Population at Risk 500 people  

Assumed Depth 1.5 m 

Assumed Velocity 3 m/s 

Warning Time Category Adequate warning Little or no warning 

Estimated Fatality Rate 0.001 0.01 

Estimated Number of Fatalities 0.5 5 

 

Although these estimated worst-case scenarios indicate a relatively low potential for loss of life when adequate 

warning is available, the potential is much greater in the event that little or no warning is available, such as a dike 

breach condition. 

 

Local Infrastructure 

Flooding can have a significant impact on a community’s infrastructure, including inconvenience from loss of 

service, and economic impact of replacement cost.   
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For context, in 2018 a review of the flood area and the BC Assessment value of properties noted that the value of 

the properties that could be flooded within the 1992 flood area, including 0.6 m freeboard, was in the order of $127 

million.  The newly modelled flood elevations result in the same order of magnitude of property value within the 

flooded area.  Note however, that these estimates are provided only to outline the scale of impacts.  It is noted that 

some of these properties would likely not be completely lost due to flooding as the water would be more shallow in 

some areas than others. 

It is also noted that community infrastructure impacts and repairs could increase costs, depending on the scale of 

impact and clean up. 

 

Environmental 

Potential environmental risks due to flooding include spills of hazardous materials, oil and fuel spills, and overflows 

or uncontrolled releases of untreated wastewater. Economic impacts from these types of releases are difficult to 

quantify.  

 

For the purposes of this study, arguably the highest environmental risk that the City manages is the discharge of 

wastewater from the City’s sewage collection system. The consequence is that during a flood event, raw wastewater 

might be pumped into a flooded wastewater collection network and then released directly into the environment.  

Also, increased sewage flows to the Cariboo Pulp and Paper Company treatment system could have an impact to 

their operations and discharge volumes.  Cariboo Pulp and Paper have noted that the wastewater volumes from 

the City are in the order of 5% of their facility’s total effluent volumes. It is expected that a short duration peak flow 

event would not overwhelm that treatment system, but it a responsible measure to attempt to protect against 

directing river flows there. 

 

There could also be chemical releases to the environment due to flooding of properties (e.g. chemicals stored on 

properties within the floodplain, gas station at West Park Mall) but the City can only provide advice to property 

owners about the management of their facilities.  The construction of flood protection infrastructure to protect 

multiple properties and infrastructure would be another action that the City could undertake.  

 

It is noted that risk of bank erosion to the Cariboo Pulp and Paper Company property could have devastating 

environmental impacts.  Impacts of high water are not the main risk as the lagoon berms are high enough.  It is the 

risk of river velocity on the banks and berms that should be monitored, with actions to be taken by Cariboo Pulp 

and Paper Company to protect against that risk. 

 

Economic 

Losses to the local economy are difficult to estimate. This could include unemployment, loss of business, and 

impacts to economic arteries. It is noted that the duration of a major flood event could be short (a couple of days or 

less, plus the time to conduct clean up) before transportation routes such as Marsh Drive and North Fraser Drive 

could be re-established to continue the flow of people and goods.  Businesses that are flooded would have longer 

duration impacts during repair or relocation activities.  Disruption of power or telecommunications/internet would 

also impact the economy.   
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Comprehensive economic analyses to estimate these impacts would be specialized and costly.  Qualitatively, the 

west side of the Fraser River presents the largest risk to the local economy due to damage to properties and 

disruption of infrastructure. 

 

Public Sensitivity 

 

Public institutions are vulnerable insofar, as a failure to take adequate steps to identify risks and take action to 

protect the public can lead to a loss of trust and confidence in public institutions should the hazard be realized.  The 

public relies on the various levels of government, including local, provincial, and federal, to put in place measures 

that reduce the risk to community members who are not knowledgeable about the risks inherent with hazards such 

as riverine flooding. 

 

 

8.2 Review of Issues Due to 200-Year Return Period High Water Event 

The following are specific impacts that could result should the City experience major flooding due to a 200-year 

return period flood event.  The objective of these hazard assessment summaries is not to itemize every possible 

hazard and related impact, but rather to help outline representative issues to help understand the scale of the risk 

and potential mitigative actions. 

 

It is also noted that a flood event in rivers like the Fraser and Quesnel can range from the average annual event to 

an extreme event.  There is the potential to have flood events of a smaller magnitude more frequently than the more 

extreme design event.  The City has a process of monitoring river levels in Quesnel and communicating with Prince 

George and other government agencies to help predict anticipated water levels.  That process also involves 

triggering specific mitigating actions for smaller high flow events, such as restricting traffic on certain roads, 

constructing temporary flood protection measures.  

 

Issue Class 1: Damage to Property 

Even if flooding is of short duration, even for just an hour or less, the damage can be severe.  The following are 

some examples. 

• Residential, Commercial and Institutional Properties 

o There are several homes that are under the flood level on the west side of the Fraser River 

o There are businesses and institutional buildings on both sides of the Fraser River that will be 

flooded 

o An apparent example shown in the flood level figures is West Park Mall, as the entire mall 

property may be flooded, including a gas station 

o Mitigation Options within the City’s Purview 

▪ Permanent or temporary flood protection (refer to Section 7 for more details) 

▪ Require that any new development make considerations for flood protection, such as 

setting the minimum floor elevation above the flood level 
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• Quesnel Search and Rescue Building 

o Although not the City’s responsibility, this site is worth some attention as its function is to support 

public safety 

o The building was constructed to the previous floodplain elevation 

o The flood level figures indicate that the Search and Rescue Building will likely incur minimal 

flooding in an extreme flooding event and shallow flooding to access the building  

o It is recommended that City Emergency Service and Quesnel Search and Rescue make plans to 

relocate essential equipment from this building if extreme flooding is expected 

 

 

• City Public Works Yard 

o The current Public Works facilities will experience flooding during a significant high water event 

(in 2007 the flood levels were within ~ 0.5 m of having impacts to the properties. As noted in 

Section 3, flooding was experienced in 1948 and 1972. 

o Mitigation Options within the City’s Purview 

▪ The City expects to relocate the Public Works functions to a new facility within the next 

year.   

▪ Once the existing site is vacated by Public Works, the City should only develop the 

properties in a manner that reduces the risk of flooding (e.g. permanent structures above 

flood levels) 

 

 
Quesnel River Level in 2007 – Public Works (Utilities) Area is in the Foreground  

 

  

Quesnel Search and 

Rescue Building 

City Public 

Works Yard 

Magenta line is edge of 

water during 200 year 

return period event 

when 0.3 m freeboard 

is added 
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• West Fraser Timber Park 

o This area would likely only experience flooding of permanent buildings (adjacent to lawn bowling, 

washroom and office building – see below for pictures of these buildings) during extreme high-

water events.   

o Mitigation Options within the City’s Purview 

▪ Blocking the flow of water from the Quesnel River through the Dragon Creek outlet may 

be an option, but only if there is limited flow from Dragon Creek that could be directed by 

pumping overland.  In a major flood event, the City would likely have more pressing 

priorities than monitoring and pumping creek flows, even if pumping could be 

accommodated. 

▪ Completing temporary flood protection around the buildings is likely a more practical 

option 

▪ Allow sports fields to flood, and complete clean up when priorities allow 

  
Buildings in West Fraser Timber Park 

 

Issue Class 2: Disruption of City-Managed Transportation Routes 

The following are key issues related to ensuring that people can access neighbourhoods and that emergency 

services can be provided.  While there are some local roads that will also be impacted, the following are key City 

roads related to connecting parts of the community. 

• Flooding of the Johnston Bridge Loop and adjacent Riverfront Trail is a disruption that occurs almost 

annually.  Having this road flood is not a serious disruption to the City.  Thus far the road and trail have 

not experienced damage due to high-water events. 

o Mitigation Options within the City’s Purview 

▪ Opening the crossing of the CN Rail tracks, blocking the road and notifying the public are 

steps the City completes in those instances. 

▪ The City may wish to formalize the process and communications for setting up the detour 

as part of operational procedures.   

 

• Flooding of the North Fraser Drive southbound lane, under the Moffatt Bridge, occurs at a frequency 

(approximately every 5 years) that results in the City having a detour route, signage and public 

notification system.  Having this section of North Fraser Drive, under the bridge, is not a serious 

disruption to the City.   

o Mitigation Options within the City’s Purview 

▪ Continue to manage the detour approach during the high water events, as long as flood 

levels still allow for access to Marsh Drive via the Elliott Street detour. 

▪ The City may wish to formalize the process and communications for setting up the detour 

as part of operational procedures.   
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• The modelling indicates that during a major flood event, Marsh Drive and the North Fraser Drive area 

near the Fraser River crossings will experience flooding to the point that it is unlikely traffic can pass.  

This flooding presents the highest impact to transportation in the City.   

o If Marsh Drive is not passable, then vehicle access across Baker Creek would not be possible. 

o Access to the Baker Drive/Riverview School area would also be blocked to vehicle traffic. 

o Access from North Fraser Drive would also be blocked. 

o It is noted that the 200-year return period flood is likely to not be a long duration event. 

o Mitigation Options within the City’s Purview 

▪ The City has noted the ability to place gravel along Marsh Drive to raise the elevation 

route as a temporary measure.  However, water depths could increase to a level that 

would make that practice unfeasible.  Also the time and cost to complete that temporary 

access may not be viable.  Investment in temporary work would likely be better invested 

in protecting areas for flooding. 

▪ The City’s Fire Hall #2 and some of the fire fighters are located on the west side of Baker 

Creek.  The RCMP have noted the ability to place officers in the west area prior to the 

occurrence of flooding.  Therefore, some emergency services would remain available to 

the west of the creek. 

▪ Access to the hospital would need to be provided by helicopter in an extreme situation. 

▪ It is noted that, if access to the Baker Drive/Riverview Elementary School area could be 

provided from Moffatt Bridge, then properties along North Fraser Drive and north of the 

City could be provided vehicle access through the Bouchie Lake area.  Also, the walking 

bridge across Baker Drive could be accessed to transport emergency patients from west 

of Baker Creek. 

 

 

 

Moffatt Bridge 
Crossing of 
Fraser River 

Baker Creek 
Bridge not 
Accessible 

Quesnel Fire 
Hall #2 

Baker Dr./ 
Riverview 

Elementary 
School Area 

Walking Bridge 
Crossing of 
Fraser River 

Magenta line is 

edge of water 

during 200 year 

return period event 

when 0.3 m 

freeboard is added 
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Issue Class 3: Disruption of Transportation Routes Managed by Others 

The following are key issues related to ensuring the safe movement of people and goods that have a regional and 

provincial impact. 

• Highway 97 

o Although restrictions of traffic on the highway and related clean up and repairs are not the City’s 

responsibility, the community will be impacted 

o The only portion of Highway 97 at risk of flooding during an extreme flooding event is the 

underpass of the Moffatt Bridge and surrounding area – detour of this area can be 

accommodated on Carson Avenue or other City streets  

o The highway bridge deck across the Quesnel River is above the 200-year return period flood 

level but it is important to protect against  disruptions to traffic as impacts could be significant 

since alternative crossings include Johnston Bridge (that currently restricts heavy vehicle traffic) 

or significant detours well outside of the community (e.g. at lest 2 hours with a portion on 

unpaved roads) 

 

• Rail lines – bridges 

o The railway tracks are all above the modelled 200-year return period flood level. 

o It is important to ensure that bridge pier and abutments can handle the high flows to avoid 

damage 

 

• Mitigation Options within the City’s Purview 

o The City is not responsible for this infrastructure, but support may be requested in an emergency. 

Issue Class 4: City Infrastructure – Sanitary 

The following are key issues related to minimizing the volume of flood water that enters the sewage collection 

system, to reduce the risk of the system being overwhelmed and to ensure that sewage lift stations operate and 

are accessible. 

• Toilets get flooded and increase sanitary flows  

o Mitigation Options within the City’s Purview 

▪ There is no apparent solution if the flow cannot be handled.  An area that is flooding 

could be blocked from flowing into the downstream system by isolating/blocking pipes 

with test balls, but the sewage flow from those areas would then overflow 

 

• Surface water leaking into manholes  

o Sanitary manholes that are inundated can allow additional 

water into the collection system 

o Mitigation Options within the City’s Purview 

▪ The City already installs bolts in manhole lifting 

holes to reduce inflow through lids in areas where 

stormwater inflow occurs.  This practice can be 

expanded to include all manholes that are at risk 

of inundation. 

▪ Use of manhole disks could also be considered if 

they help to further reduce inflow.  Placing 

sandbags over these manholes prior to high-

water is also an option. 

Example Manhole Disk 
Before Manhole Lid is 

Installed   Photo Source: 
Manhole Rehab Inc. Website 
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• Protecting Lift Stations from Inundation 

o Rolph Street Lift Station chamber and kiosk are under the 200-year return period flood elevation. 

o The area around the West Quesnel Lift Station will become flooded 

o The area around the Main Lift Station will become flooded. 

o Mitigation Options within the City’s Purview 

▪ Rolph Street Lift Station chamber lid and the electrical kiosk could be raised above the 

flood level.  Alternatively, a dike around the area could be installed.  (Note: if the homes 

along Rolph Street are flooded then it is likely this lift station would not be able to keep 

up.) 

▪ For the West Quesnel and Main lift stations it is recommended that critical elevations be 

measured to determine if these facilities will actually flood (both have their main 

components raised compared to the surroundings), but plans should be established to 

provide temporary or permanent access during flood periods.  (Note: the City has flood 

protected the West Quesnel Lift Station with temporary measures during previous high 

water periods.) 

 

Issue Class 5: City Infrastructure – Potable Water 

The following are key issues related to minimizing the risk of water contamination. 

• Water System contamination 

o Risk of backflow would increase if some taps are flooded 

o Mitigation Options within the City’s Purview 

▪ Continue to advance the City’s cross connection control efforts 

 

• Wells #3 and #6, along Rolph Street, would be impacted  

o Well #3 is not in use and Well #6 is available only for emergency purposes.   

o Risk of surface water intrusion and contamination of the groundwater might occur in a high-water 

event  

o Mitigation Options within the City’s Purview 

▪ Power is to be disconnected to these sites during high water 

▪ Risk of contamination of the groundwater will be negated once these wells are properly 

decommissioned, complete with a surface seal, as part of the City’s water system 

improvement plans. 

Issue Class 6: Non-City Infrastructure – Information and Communication Technology, Natural Gas 

The following are key issues related to minimizing disruption of service and safety risks. 

• The City does not own or operate this infrastructure, but it’s damage could present significant impacts 

and, in the case of power or natural gas infrastructure, damage could present a safety risk. 

o Overhead wiring may not be at risk as long as currents and debris do not down poles.   

o Underground power and communications wiring may be impacted by flooding, but most buried 

infrastructure is not susceptible to flooding.  Any above-ground kiosks in the flood area would be 

at risk. 

o Mitigation Options within the City’s Purview 

▪ The City is not responsible for this infrastructure, but support may be requested in an 

emergency.  The City may also need to coordinate with the companies for access and 

clean up activities 
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9.0 Proposed Flood Protection Works 
 

Although there are no set rules, it is common for municipalities to not invest in or manage flood protection works for 

individual properties.  Possible flood protection works outlined in this report relate to investments that would be 

needed to protect multiple properties and community infrastructure. 

 

There are some areas that would benefit from the construction of permanent flood protection dikes.  These would 

be designed and constructed in accordance with provincial dike design guidelines, and would become flood 

protection works under the provincial Drainage, Ditch and Dike Act.  The City would become the diking authority 

and would be responsible for the construction and ongoing operation and maintenance of the dikes. 

 

There are also some areas that would justify temporary flood protection which could include temporary berms 

and/or be in the form of temporary measures such as flood protection products HESCO earth-filled barriers or Tiger 

Dams.  At times these products can be borrowed from Emergency Management BC, but it is noted that the likelihood 

of securing these items during a major flood event may present an unacceptable risk and delivery times may not 

be fast enough.  If temporary flood protect products are part of the flood protection strategy, the City may wish to 

consider purchasing and storing some of these items to ensure they are available when needed.   

 

Example Temporary Flood Protection Measure: HESCO Barrier   

This product is a relatively lightweight wire mesh basket lined with a geotextile fabric which can be quickly set up 

and then filled with appropriate sand or granular fill material to create a relatively impermeable barrier to flood 

waters.  They can be stacked.  When flood waters have receded the fill material drops out of the bottom when the 

units are lifted for removal.  The barriers themselves can be stored and re-used in the future, while the fill material 

can be collected and removed.  The company also supplies single use barriers. 

 

 

HESCO Barrier Used Along Dragon Creek in 2012 to Protect Against High Creek Water Levels            

Source: Google Streetview 
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Example Temporary Flood Protection Measure: Tiger Dam   

Tiger Dam is an example of a flexible tube barrier.  The units are brough to site, unrolled, filled with water and 

temporarily secured.  They can be reused. 

 

 

Excerpt from Tiger Dam Product Brochure 

https://usfloodcontrol.com/wp-content/uploads/2017/08/TD-BROCHURE.pdf 

 

Comments regarding flexible tube products include:  

• Flexible tube systems are easier to install and remove than other flood barriers 

• Tubes are not as durable as some other temporary measures 

• Although there are larger sizes than shown in the above brochure excerpt, the image does help to 

communicate that going higher elevations requires multiple tubes to be stacked. Installing a 2 m or higher 

barrier would require many tubes, space to install in a triangle arrangement and poses a greater risk of 

damage than some other temporary barriers. 

• Flexible tubes might be preferred for where access is limited and the height of barrier is less than 1 m. 

 

It is noted that installing temporary works can be wasteful if they are required repeatedly.  They also present a 

higher risk of failure than properly constructed permanent dikes.  Even if the units stay intact, the underlying surface 

may fail.  Permanent dikes are more robust and require little to no preparation when a high-water event occurs.  

There are also many cases of municipalities securing senior government grants to help subsidize permanent flood 

protection measures.  Temporary measures require emergency actions to obtain and set up, and typically require 

more monitoring and maintenance during a busy high-water event. 

 

If the City relies on too many temporary measures, they may find there is insufficient time to get all the measures 

in place.  Also, it will place added stress to the annual act of predicting to what extent temporary measures should 

be installed as the City’s investment. 

 

Therefore, the following locations are reviewed with consideration for accommodating permanent flood protection 

measures.  However, opportunities and constraints that may justify temporary measures are also noted.  The City 

must decide to what extent temporary and permanent flood protection measures will be selected as the preferred, 

long-term strategy.  It is also appreciated that using temporary measures may be the only option if high water levels 

https://usfloodcontrol.com/wp-content/uploads/2017/08/TD-BROCHURE.pdf
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occur before permanent measures can be constructed.  Temporary measures also may be the only viable option if 

there are site constraints (e.g. behind West Park Mall) or in areas where securing a right-of-way is difficult. 

 

 

9.1 Rolph Street Area 

The risks of flooding associated with properties and 

infrastructure in the Rolph Street area can be mitigated 

by constructing a flood protection dike. It is understood 

that previous flood protection along the river in this area, 

on private properties, raised conflict with property owners 

that did not want a permanent dike to remain.   

 

A dike built to protect against the 200 year flood elevation 

would, along certain stretches, vary between 1.5 m and 2 

m high if the dike were to be located near the riverbank.  

The cost to construct that dike would be in the order of 

$3.4 million, as outlined in the below table.   

 

It is worth noting, however, that many homes within this 

area are near the top of the elevation of the flood waters 

prior to the freeboard being added. 

 

 

 

 

 

Rolph Street Flood Protection Dike 

Estimate of Probable Project Costs 

Description Unit Quantity  Unit Price Amount 

Tree Clearing and Removals 
(Excluding Out Buildings) 

LS 1 $13,000 $13,000 

Stripping and Minor Over-Excavation m2 17,900 $8 $143,200 

Berm Fill m3 22,200 $60 $1,332,000 

Toe Drain m3 2,000 $80 $160,000 

Erosion Protection - Geotextile m2 6,300 $20 $126,000 

Topsoil and Seed + Other 
Restoration 

m2 17,900 $25 $447,500 

Fencing and Miscellaneous LS 1 $30,000 $30,000 

Subtotal (rounded) $2,250,000 

Project Contingencies @ 30% (rounded) $675,000 

Engineering and Regulatory Approvals @ 20% (rounded) $450,000 

TOTAL $3,375,000 

 
Rolph St. Area 

Estimates are in 2020 Canadian 
Dollars and do not include land or 
legal costs associated with securing 
right-of way to facilitate constructing 
and maintaining a dike.  Those costs 
are difficult to predict and can only be 
firmly established once negotiations 
with property owners occur.   
 
Due to proximity of the proposed 
permanent works to watercourse and 
riparian areas, it is recommended that 
options be reviewed with regulatory 
agencies.  Permits will be required.  
Also, it is advisable to seek the 
services of a professional 
archaeologist in locations where there 
is potential to disturb unknown and/or 
unrecorded archaeological resources 
for any areas where excavations are 
required. 

Magenta line is 

edge of water 

during 200 year 

return period event 

when 0.3 m 

freeboard is added 
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Flood protection works could be in the form of temporary flood protection products such as HESCO earth-filled 

barriers or Tiger Dams.  However, with the flood protection needing to be 2 m high in some places near the 

riverbank, the risk and practicality of using Tiger Dams makes their use only viable for minor flood elevations.  With 

the HESCO barriers being just over 1 m high, those unit would need to be stacked two high, which could require 

three times as many units to build stable protection for a major flood. 

 

A compromise between permanent and temporary flood protection would be to build a smaller dike with a height 

that would accommodate a single row of the HESCO barriers, lock blocks or similar measures to provide the 

required flood protect height.  For some of the length it would require a permanent dike height of 1 m or less. An 

order of magnitude cost to construct the shorter dike along the route, to facilitate a simpler temporary dike protection 

approach, is $1.8 million plus the cost of the temporary works during high water events. 

 

If the flood protection works could be placed further from the riverbank, especially in areas where the existing 

ground is higher, then the need to construct even a small berm will be lessened.  However, there would be more 

impact to properties. 

 

A major factor in accommodating temporary flood protection is having a clear route to install the temporary dike 

works quickly.  This would require: 

• An open route in the rear lots of the properties to accommodate the temporary works (fencing that can be 

easily removed, no trees in the way, no out buildings or other items that are difficult to relocate in the way) 

• A response plan to mobilize the equipment and personnel  

• Availability of required materials 

• Access to complete the works 

 

 

9.2 West Bank of Baker Creek 

The current and the 1992 analysis of flood levels indicate that the 

west bank of Baker Creek will overtop in the vicinity of Marsh Drive.  

South of Baker Drive are two private properties and a City-owned 

lot.  The space between the creek and the Elks Hall to the south of 

Marsh Drive is the lot’s parking area.  Constructing a dike in that 

area would take away that parking, but could protect the area from 

flooding.   

 

North of the bridge is a private lot (Quesnel Toyota) and a City-

owned park (Wilma Hanson Park). The City’s West Quesnel 

Sewage Lift Station is in that park.  

 

The current use of the private lots promotes the use of temporary flood protection measures.  However, should 

these lots re-develop the grade of the property should be raised to promote flood protection for the lots and the 

surrounding area.  Wilma Hanson Park could be regraded to provide additional flood protection. 

 

West Bank of Baker Creek 

West Bank of 
Baker Creek 
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The City has plans to reconstruct Lewis Drive in the coming years.  It would be appealing to raise the grade of that 

road to help provide some flood protection at least for properties to the west of that road.  However, grades of 

developed private properties and the intersecting Clark Avenue negate raising the road grade too much before 

overall drainage grades are compromised.   

 

In this area, like most areas that are below the flood elevation, it is recommended that these properties involve 

investments to reduce the risk of flooding when they are redeveloped.  

 

 

9.3 North Bank of 

Baker Creek 

This area includes the north bank 

of Baker Creek, which relates to 

the West Park Mall and Marsh 

Drive flooding.  A significant factor 

in constructing a permanent dike 

along this entire length is that there 

is limited space behind the Mall to 

accommodate a berm and allow 

vehicle traffic.  In 2007 the City 

installed a temporary dike adjacent 

to the creek, along the Riverfront 

Trail but it was too narrow to meet 

permanent dike standards. 

 

After that high water event the City 

made senior government funding 

requests to complete a system that 

would incorporate permanent and 

temporary flood protection 

measures in this area.  The 

following page presents the figure 

included as part of funding 

submissions. 

 

With the model indicating that flood 

waters could be in the order of 1 m 

higher than the 1992 analysis it 

becomes even more difficult to 

envision a permanent dike system 

being installed along the rear of the 

Mall and through the adjacent 

Figure from 2009 Grant Funding Application for Flood Protection 
Strategy for North Bank of Baker Creek and North Fraser Drive 
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Baker Creek Park.  There is insufficient space behind the Mall and constructing a permanent dike through the park 

(Section 1 in the above figure) may come with community and political opposition.  Also, since the area on both 

sides of the park would likely have temporary dike infrastructure installed there is less benefit associated with 

installing a permanent dike, that is slightly over 2 m tall, through the park.   

 

Constructing Section 2 could be accommodated as there is sufficient space and it would be located on City-owned 

land.  That portion or flood protection, by itself would have no value.  However, constructing that ~100m length of 

dike when time is available would reduce the stress of constructing temporary flood protection along that length as 

part of the other many temporary flood protection works that would be needed to help protect infrastructure and 

properties. 

 

It is expected that the Section 2 Dike could cost in the order of $150,000, as shown in the following table.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.4 North Fraser Drive 

The previous figure also displays the length along North Fraser Drive that would require flood protection to help 

reduce the risk of flooding of the property to the west.  The figure notes that temporary flood protection measures 

would be placed from Moffatt Bridge north for the majority of the flood protection length. The logic of that approach 

was that the is insufficient space to install a dike between the river and North Fraser Drive.   

 

It would be possible to raise the elevation of North Fraser Drive to serve as flood protection along that length, except 

that having public roads on dikes is not a recommended practice.  It is also worth noting that raising the road to the 

full 200 year flood elevation plus 0.3 m freeboard would result in the road being raising, on average, just over 2 m.  

That elevation increase would be a major impact on traffic and private property access, to the point where such an 

increase is likely not practical unless a large-scale elevation increase is undertaken in the North Fraser Dr./Elliott 

St. area. It would also require the rerouting the sanitary sewer main that runs along the riverbank, replacement of 

the watermain other major impacts to infrastructure.  The cost to complete that work is hard to estimate as it would 

Cost Estimate for Section 2 – From Marsh Dr. to Rivers Trail Access Near Rear of West Park 
Mall 

Estimate of Probable Project Costs 

Description Unit  Quantity  
Unit 
Price 

Amount 

Site Clearing m2 0 $5 $0 

Stripping and Minor Over-Excavation m2 1300 $8 $10,400 

Berm Fill m3 1530 $40 $61,200 

Toe Drain m3 150 $80 $12,000 

Rip Rap, Geotextile and Filter Rock m 0 $450 $0 

Site Restoration m2 1300 $10 $13,000 

Subtotal (rounded) $96,600 

Project Contingencies @ 30% (rounded) $29,000 

Engineering and Regulatory Approvals @ 20% (rounded) $19,000 

TOTAL (rounded) $145,000 
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be a combination of public and private infrastructure reconstruction and grade increases.  Work just to raise North 

Fraser Dr. is expected to be more than $6 million.  The cost to raise the all the properties and infrastructure, 

excluding the rebuilding of all private buildings, could be triple that cost or more. 

 

For the time being, the City should plan to provide temporary diking along this segment of the road.  As completed 

in 2007, a temporary berm could be constructed along the road.  Flexible tube temporary barriers (e.g. Tiger Dams) 

would be faster to install if they would be available, however the 2 m height would be challenging to achieve and 

require significant space and risk of relying on those dams for a 2 m height.  Using HESCO barriers may not be a 

priority in this area since the location and ability to temporarily close North Fraser Drive to traffic between Marsh 

Dr. and Elliott St. is conducive to heavy construction associated with building a temporary berm. 

 

A northern portion of the proposed flood protection, labelled as Section 3 in the previous figure, could accommodate 

a permanent dike.  North of that the strategy indicates that temporary flood protection should be installed to the 

north of this section, due to the area being on private property.  It is also important to note that Section 3 and the 

area to the north is more prone to flooding, so having as much of that length having permanent diking is favourable 

as it would be the first area to flood and direct flow into the lower lands to the south. 

 

Note there is a sewermain along this route that would need to be outside of the dike area.  For the estimate it is 

assumed that the pipe would need to be shifted west, but that requirement should be confirmed.  It may also be 

that the pipe would need to be shift to an Edkins St./North Fraser Dr. route, which would increase cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

North Fraser Drive Flood Protection – Section 3 Dike Only 

Estimate of Probable Project Costs 

Description Unit  Quantity  
Unit 
Price 

Amount 

Tree Clearing and Removals LS 1 $5,000 $5,000 

New Sewermain (Assuming it can remain 
behind lots) 

m 300 $500 $150,000 

Stripping and Minor Over-Excavation m2 4200 $8 $33,600 

Berm Fill m3 5400 $60 $324,000 

Toe Drain m3 450 $80 $36,000 

Erosion Protection - Geotextile m 1500 $20 $30,000 

Site Restoration m2 4200 $25 $105,000 

Fencing and Miscellaneous LS 1 $5,000 $5,000 

Subtotal (rounded) $690,000 

Project Contingencies @ 30% (rounded) $207,000 

Engineering and Regulatory Approvals @ 20% (rounded) $138,000 

TOTAL $1,040,000 
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9.5 Riverfront Walks Strata (1702 Dyke Road) 

Although the change in flood elevation does not impact City infrastructure this property will be impacted.  With the 

revised 200 year flood elevation increasing by 2 m in this stretch, existing homes are now within the floodplain.  It 

is understood that the City is currently reviewing options with the owners of property in this area. 

 

The City is able to turn off the lift station, which has its electronics above the 200 year floodplain elevation, to avoid 

having river inflow overwhelm the sanitary sewer system.  

 

          

Left image is of the previous floodplain map.  Right image is of the updated floodplain map.  (477.0 m is 
the 200 year +0.3 m freeboard water level.  475.3 m is the 20 year + 0.3 m freeboard water level.) 

 

 

 

10.0 Proposed Non-Structural Investments 
 

It should be noted that higher risks are likely to be tolerated for existing developments and hazards than for planned 

or proposed projects, as mitigation against the former may exceed the City’s financial capability or be unacceptable 

to area property owners.  There are however some steps to take that do not involve the City constructing flood 

protection works to help mitigate against the hazards of flooding.  

 

 

10.1 Restrictions on Further Development in Hazard Areas 

The flood hazard maps show the areas most prone to flooding.  Where possible and practical, development should 

not be allowed to occur in the flood prone area. 
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There are development and redevelopment areas within the floodplain that will see further development in the 

future.  In order to protect those properties from flood hazard and risk, it is typical to require that developers of 

parcels in these areas raise their proposed buildings and other valuable fixed assets above the flood hazard level 

or protect their properties with flood protection berms.  It is critical to ensure that the flood protection works of one 

developer does not impact an adjacent property. 

 

It is appreciated that in some locations where there are a series of smaller parcels that could be 1 m or more below 

the flood level.  Developing or redeveloping those parcels could result in grading differences between lots.  

However, with a long-term view, as parcels are redeveloped eventually the risk of flooding can be avoided for areas. 

 

It is also noted that constructing berms in some areas, such as in the Rolph Street area, would protect some parcels 

prior to their redevelopment.  However, it is still recommended that any new properties incorporate raising buildings 

and valuable fixed assets to help reduce the long-term risk and reliance on flood protection berms. 

 

10.2 Update Emergency Response Plan 

Discussions with City staff indicated that there are a number of actions and communications that take place every 

year to monitor and prepare for rising floodwaters.  City staff has a wealth of knowledge about what actions should 

take place based on the anticipated river elevation.  It was noted however that many of these actions are not 

outlined in a procedure. 

 

It is recommended that the City’s Emergency Response Plan to include specific actions and procedures related to 

flood protection. 

 

 

10.3 Additional Planning 

In the event of a flood, there are a number of other measures which must be undertaken to protect the areas at 

risk. 

 

First, there are a number of openings that must be closed to prevent flood waters from entering the areas to be 

protected.  In particular, special attention should be given to storm sewer outfalls and culverts.  This infrastructure 

is normally directly connected to the river, and represents significant sources of potential back flow into the protected 

areas.  The City does complete annual inspection and monitoring of all outfalls to the river that could be subject to 

flooding, including the maintenance of backwater valves that are on some outlets.  

 

In advance of a flood event, the City has also taken steps to further reduce the risk and rate of flow into the storm 

system through the use of sandbags at manholes and catchbasins that could bring river water into low lying area.  

 

Similar to culverts and storm sewers, particularly during extreme flood events, sanitary sewers can become a source 

of back up into buildings or the collection system can be overwhelmed.  This can happen because some sanitary 

sewer manholes are open to the flood waters, which then flow into the sewers and overwhelm the capacity of the 

sewers to carry the water away.  In this case, the manholes can be protected with inflow discs, bolting the lifting 
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holes or sandbags to prevent water from entering the openings.  Homeowners can further protect themselves from 

the possibility of sewer backup into their basements or crawl spaces by installing a back flow preventer, or in an 

emergency temporarily plugging their main sewer drain with an air filled plug. 

 

In some cases, the ground can become saturated and the groundwater level increased because of the elevated 

flood waters.  As a result, the risk increases for the basements of some houses to become flooded.  Sump pumps 

can be used to keep ground water levels down around houses, but the discharge from sump pumps is often to the 

ground surface outside the house, and this can often lead to a closed loop of sorts in which the sump pump water 

is pumped outside only to infiltrate into the ground and affect the building basement again.  An alternative, in such 

cases, is to pump the groundwater to the storm sewer system, if available.  In any case, in advance of the flood 

event, homeowners should be advised to check that their sump pumps are operating properly. 

 

In circumstances when the outlets of storm piping are plugged, it is usually necessary to plan for the provision of 

pumps to remove water.  Furthermore, seepage (groundwater) flows are expected to be a concern during future 

flood events as they were during the 2007 flood to the west of North Star Road and during some lower flow events. 

Also, temporary flood protection measures are typically not water tight.  Thus, plans must be made to ensure that 

sufficient pumping capacity is available to remove accumulations of local drainage and seepage flows from these 

locations, and pump this water over the emergency dike works.   

 

In all of these cases, homeowners should be advised to take the precautionary step of moving all valuables from 

the portions of their homes that are at risk of flooding to areas that are above the potential height of the flood waters. 

 

Finally, during a high water event, and following the declaration of a state of emergency or a state of local 

emergency, City of Quesnel staff members, and others appointed by the City, have considerable emergency powers 

to all reasonable things necessary to protect life and property from the adverse impacts of flood waters.  These 

emergency powers are granted under the Emergency Program Act.  Familiarity with that act is recommended before 

exercising any special powers. 

 

 

10.4 Reduce Inflow into Sanitary Sewer 

As noted above, inflows into the sanitary sewer system during 

flooding events can present significant challenges.  Even when river 

levels are not at extreme high levels the rate of inflow into the sewer 

system due to leaks in the sanitary collection system put extra strain 

on the lift stations.   

 

As the adjacent photo shows, groundwater inflow is occurring during 

high river levels.  Taking action to seal as many leaks as is practical 

is an activity that is planned as part of the City’s sewer system 

improvements. 

 

 

 

Groundwater Flowing into Manhole 
Behind West Park Mall (July 2020) 
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11.0 Conclusions and Recommendations 
 

11.1 Conclusions 

Through this study, the following conclusions have been reached: 

1. Some parts of the community are situated in locations which make them extremely vulnerable to the impacts 

of the flood hazard during those events. 

2. There is a risk of property damage and interruption of important municipal services. 

3. Climate change has the potential to result in an increase in the frequency and magnitude of extreme flood 

events, which is expected to create greater risks to the community than in the past. 

4. Conditions may change in the future due to changes in the climate, and the construction of flood protection 

works. 

 

11.2 Recommendations 

The floodplain maps provided with this report should be used to define the areas within the City of Quesnel which 

are subject to risk from riverine flooding, and to establish flood construction levels within those areas, while 

recognizing that risks still exist due to flood events more extreme than the design flood event. 

 

There are a number of mitigation measures that are recommended in order to protect the community against the 

risks and hazards associated with flooding due to extreme weather events. 

 

1. Restrict future development in flood prone areas or require flood proofing in conjunction with development. 

2. Plan for capital investments in flood protection diking at select locations, including more detailed review of 

permanent vs. temporary flood protection measures for specific locations and seeking senior government 

funding. 

3. Continued monitoring of banks of the Quesnel River.  Some areas, such as along the Cariboo Pulp and 

Paper Company property or around highway and train bridges, are not the City’s responsibility.  Since these 

facilities are of such importance to the community and since could present significant impacts upon failure, 

the City should maintain an interest in understanding if hazards arise, even if they are not City-responsibility. 

4. Update the Emergency Management Plan and operating procedures to outline specific actions tied to 

expected flood risks and measured river water levels. 
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Appendix A 

Hydrologic Analysis  
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Hydraulic Analysis 
  



 
 

MEMORANDUM 
 

200 - 286 St. Paul Street, Kamloops, BC V2C 6G4  |  T: 250.374.8311 

Date: March 30, 2020 
To: Tanya Turner, Director of Development Services, City of Quesnel 
cc: Rick Collins, Urban Systems Ltd.; Brendan Pauls, Urban Systems Ltd.  
From: Nicolas Abarca, Urban Systems Ltd. 
File: 1190.0184.01 
Subject: Quesnel Hydraulic Modelling and Floodplain Mapping 

 

1.0 INTRODUCTION  
The purpose of this memo is to provide information on the methodology and criteria used for 
the development of a hydraulic model of the Fraser River, the Quesnel River, Baker Creek and 
Dragon Creek, in the City of Quesnel, BC.  

It is important to note that there are risks of the banks of Dragon Creek to overtop further 
upstream along the creek where there is no influence from high river levels.  Those Dragon 
Creek flood risks have historically been due to sedimentation buildup in the channel, upstream 
bank failure that could release a larger flow if a temporary blockage occurs, and creek channel 
migration.  Risk of flooding in those upstream areas is not included in this modelling exercise.   

It is also noted that there is a risk of flooding and damage due to the release of ice jams within 
the Baker Creek watershed and risk of flow being blocked at the Marsh Drive bridge. Those ice 
jam flows and flooding are also not the subject of this modelling.  

The hydraulic model was used for updating the City’s Floodplain Mapping developed by 
Northwest Hydraulic Consultants Ltd. (NHC) in 1992.  

This updated hydraulic model will allow the City of Quesnel to: 

• Understand existing flood hazards and risks to existing development and property; 

• Assess future development plans and land use intensification near these 
watercourses to reduce flood hazards and avoid creating new problems; 

• Establish a range of suitable, efficient, and cost-effective measures for dealing with 
flood hazards;   

• Understand how infrastructure assets may affect flooding potential in the City, 
particularly highway bridge crossings; 

• Develop a long-term capital improvement plan aimed at upgrading the 
performance of the existing drainage system, where possible and practical, over 
time; and   

• Identify non-structural mitigation plans, such as a bylaw aimed at flood hazard 
protection through municipal regulations.   

2.0 GENERAL DESCRIPTION OF THE STUDY AREA 
This floodplain mapping investigation involved a detailed hydraulic analysis of the Fraser and 
Quesnel Rivers, Baker Creek and Dragon Creek. The study area comprises a 12.3 km reach of 
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the Fraser River through the City of Quesnel, a 4.4 km reach of the Quesnel River, a 3.9 km 
reach along Baker Creek and a 1.2 km reach along Dragon Creek. The extent of the study area, 
including all these river channels, are shown in in Figure 1.  

The Fraser River originates in the Rocky Mountains and, at the City of Quesnel, it flows in a 
southerly direction and has a drainage area of approximately 100,000 km2. The Quesnel River 
flows in a southwesterly direction and discharges into the Fraser River at the south end of the 
city. Baker Creek is a small tributary of the Fraser River that flows from the west and enters the 
River just upstream of the Quesnel River confluence. Dragon Creek is a tributary of the Quesnel 
River draining from the east and entering the River via a 1,200 mm culvert under Johnston 
Avenue. Drainage basins are shown in Figure 2.  
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3.0 HISTORY OF FLOODING – THIS SECTION MOVED TO MAIN REPORT – DELETE FROM HERE 
The City of Quesnel is vulnerable to high flood water in the Fraser and Quesnel Rivers, which 
in turn causes flooding due to backwater along Baker Creek and Dragon Creek.  While extreme 
events of this sort might be seen as rare, they can and sometimes do occur more frequently 
than expected by the public and community leaders.    

Maximum flows in the Fraser and Quesnel Rivers typically occur in the late spring and early 
summer as a result of snowmelt. One clear example of snowmelt related flooding was the 1972 
flood, which resulted from extreme snow accumulation during the winter followed by warm 
weather in the spring. A peak flow of 6,510 m3/s was recorded at the Fraser River near 
Marguerite hydrometric station (08MC018) located downstream of the City. This corresponded 
to a 50-year return period flood and resulted in severe flooding, particularly in West Quesnel 
near the Baker Creek confluence (Photo 1) and upstream of the Fraser Bridge Crossing. 
Flooding on the Quesnel River occurred near the confluence and at the public works yard on 
the right bank (Photo 2).  

 

Photo 1 - 1972 – Flooding at Lower End of Baker Creek Near Confluence with Fraser River (Source B.C. 
Ministry of Environment) 
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Photo 2 - 1972 – Public Works Yard – 50 Year Return Period Flood (Source: City of Quesnel) 

Prior to 1972, there are several recorded flooding events, including in 1967 (with a recorded 
peak flow of 6, 120 m3/s), and in 1948 flood, which resulted in inundated areas on the left bank 
of the Fraser River next to the Quesnel River confluence, along the Quesnel River and on in the 
vicinity of the Baker Creek confluence. Photo 3 below shows flooding of the Public Works Yard 
during the 1948 event.  

 

Photo 3 - 1948 – Public Works Yard – 1992 Floodplain Mapping Design Brief Indicates this Flood is 
Estimated to be the Same Magnitude as the 1972 Flood (Source: Jack Ives from Branwen Patenaude’s 

Originals) 
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More recent floods include the 1990 flood, which occurred at the beginning of June, similar to 
the 1972 event, was the result of sudden warm weather that led to rapid snowmelt. A 
maximum daily discharge of 5,790 m3/s was recorded at the Marguerite hydrometric station, 
which corresponds to approximately a 10-year flood. Photo 4 below shows the extent of 
flooding near the confluence of the Fraser and Quesnel Rivers and Baker Creek. The Riverfront 
Walk and a Portion of Legion Drive were inundated, and other areas on the west bank of the 
Fraser River (upstream of the bridges and the underpass of the Moffat Bridge) were also 
flooded. High water levels lasted for almost seven days. 

 

Photo 4 -June 21, 1990 - Flow Near the Confluence of Fraser River, Quesnel River and Baker Creek 
(Source: Perry’s Picture Place, Quesnel) 

 

In 2007, the City has experienced higher water elevations more recently, but not to the extent 
witnessed in the 1948 or 1972 events.   A maximum daily discharge of 5,480 m3/s was recorded 
at the Marguerite hydrometric station, which was slightly below the 1990 event.  As with the 
1990 event, portions of the Rivers Trail and lower areas of road under the Johnston Bridge and 
Moffatt Bridge (west side) were flooded.   

Predictions during Spring 2007 indicated that a higher than usual flood level was expected, 
which resulted in the City taking pre-emptive measures such as constructing a temporary 
berm behind West Park Mall and along the lower elevation portion of North Fraser Drive.  A 
severe flooding event did not occur, but it helped the City to understand the efforts required 
to implement temporary flood measures. 
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Photo 5 - 2007 – Temporary Flood Protection Along Fraser River Upstream of Bridge Crossings (Source: 
Urban Systems Ltd.)  

 

 
 

Photo 6 - 2007 – Temporary Flood Protection Along Baker Creek Near Confluence of Fraser River 
(Behind West Park Mall) (Source: Urban Systems Ltd.) 
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4.0 PAST STUDIES 
The existing floodplain mapping for the City of Quesnel was developed in 1992 by NHC, making 
use of peak flow data that was available at that time. Backwater computations were 
conducted for the Fraser River, the Quesnel River and Baker Creek in HEC-2, an open-channel, 
one-dimensional modelling software developed by the US Army Corps of Engineers1. NHC 
conducted cross-sectional surveys of the modelled reaches and extended the cross-sections 
across and beyond the floodplain using 1:5,000 scale, 2m contour interval topographic 
mapping provided by the Ministry of the Environment (MOE).  

Channel roughness coefficients were calibrated against two sets of recorded profiles: high 
water marks surveyed by the MOE corresponding to the 1990 peak flows, and water surface 
levels at the time of the survey in July 1990. The agreement between the computed and 
recorded water surface elevations (WSE) was considered acceptable for the Quesnel River and 
Baker Creek. However, a review of recorded water levels on the Fraser River at Quesnel showed 
large variations in the stage-discharge relation. As a result, roughness values were increased 
by approximately 20% for the model to match the high envelope rating curve at Quesnel.  

It is important to note that, even though flood levels may be affected by ice jams, these were 
not accounted for in NHC’s study. According to the 1992 document, residents report that the 
Fraser River may only freeze over completely once every three years and that flooding due to 
ice jams has not occurred. Similarly, even though ice jams have been known to occur in the 
Quesnel River, the study mentions that no damage to structures due to ice have been 
reported. 

Floodplain mapping was developed as part of the 1992 study at a scale of 1:5,000, and contour 
intervals of 2m were prepared to show the outline of the 200-year floodplain. The 1992 
floodplain mapping is included in Attachment A.  

 

5.0 UPDATED HYDROLOGY 
There are now an additional 28 years of data available, since the previous flood mapping study, 
to update the peak flow estimates for the Fraser and Quesnel Rivers and Baker Creek at the 
City of Quesnel. Furthermore, the potential impacts of climate change on peak flow estimates 
are now much better, although not fully, understood and need to be taken into consideration 
when developing a flood hazard plan.   

Urban conducted an updated hydrologic analysis based on this more extensive record and 
recommended 200-year flow rates and design flood hydrographs for use in hydraulic analysis. 
As summarized in the Urban Systems memo entitled “Quesnel Frequency Analysis”, the 
instantaneous peak flows for Baker Creek, the Fraser River, and the Quesnel River were 
established at 172.8 m3/s, 7,903 m3/s, and 1,306 m3/s, respectively.  

 
1 HEC-2 has, in recent years, evolved into the HEC-RAS software, which has improved computational capabilities, 
which include, among other things, unsteady flow and 2-dimensional modelling. 
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Additionally, in order to account for potential future climate change, an analysis of hydrologic 
modelling work completed by PCIC was conducted, and considered select General Circulation 
Models (GCMs), time periods, and emissions scenarios. The projected increases in annual peak 
flows on the Fraser and Quesnel rivers were estimated to range between 8% and 19%. Based 
on subsequent discussions with the City, it was decided to take a conservative approach and 
apply a 20% increase on peak flood flows for both major rivers. Note that using a 20% increase 
due to Climate Change appears to be generally consistent with the approach adopted in many 
locations throughout the Province. Details on the hydrologic analysis conducted by Urban are 
included in the November 15, 2019 memorandum entitled “Quesnel Frequency Analysis”. The 
following table summarizes peak flow estimates from the 2019 hydrologic analysis compared 
to the 1992 estimates: 

Table 1 - Comparison of Peak Flow Estimates (m3/s) 
 

20 year 200 year 

With Climate Change 

20 year 200 year 

NHC 
(1992) 

USL 
(2019) 

NHC (1992) USL 
(2019) 

USL 
(2019) 

USL 
(2019) 

Fraser River  5,300 6,306 6,200 7,903 7,567 9,483 

Quesnel River 1,080 1,103 1,400 1,306 1,323 1,567 

Baker Creek 77 111 129 173 133 208 

 

The above flows were used for all unsteady flow hydraulic computations. It is important to note 
that, historically, the majority of the largest floods show the Fraser and the Quesnel Rivers 
peaking on the same day. As such, it is realistic to assume that the 200-year flows on both rivers 
could occur at the same time. However, peak flows on Baker Creek have historically never 
coincided with peaks on the two main rivers. As a result, mean annual flows on Baker Creek 
were used for all simulations.  

The design hydrographs for the Fraser and Quesnel Rivers resulting form the 2019 hydrologic 
analysis (not including climate change) and used for hydraulic modelling are shown in Figure 
3.  
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Figure 3 - Fraser River and Quesnel Hydrographs 

6.0 HYDRAULIC MODELLING 
A computer model of the Fraser River, the Quesnel River, Baker Creek and Dragon Creek was 
constructed using the hydraulic modelling program GeoHEC-RAS.  This program was selected 
because it allows for the construction of a combined 1-D model for the main river channels and 
2-D flow meshes for the floodplain areas, which was deemed to be desirable for this study area 
because of the expected interaction between the rivers and the adjacent lands upon which 
overland flow was known to have occurred during past flooding events.  The 2-D component 
allows for more representative flooding analysis, including the effects of floodplain storage, 
which have the potential to affect the calculated water surface elevations for a specific single 
value flow rate.  The effect is typically a lowering of the water surface elevations compared to 
1-D models.  

Baker Creek and Dragon Creek outflows amount for a very small percentage of the Fraser and 
Quesnel River flows, respectively. As a result, they essentially have no effect on water levels of 
the main rivers during a major flooding event. However, because of the history of flooding 
along these two water courses, resulting from backwater from the Fraser and Quesnel Rivers, 
they were included in the model as part of the 2-D flow overflow areas. Note that, while mean 
annual flows were included for Baker Creek, flows along Dragon Creek were reviewed but 
considered too small during high river level periods and thus negligible.  

6.1. MODEL GEOMETRY  

Development of the model began with the acquisition of LiDAR data from the City, 
complemented with a bathymetric survey of the Fraser and Quesnel Rivers, was carried out by 
McElhanney Engineering in the summer of 2019.  The extents of both the LiDAR data and the 
bathymetric survey are shown in Figure 4.  The primary purpose of the bathymetric survey is 
to provide an accurate representation of the channel bottom, below the water surface 
elevation at the time the LiDAR was flown, as LiDAR technology cannot obtain ground 

1100

1150

1200

1250

1300

1350

6000

6200

6400

6600

6800

7000

7200

7400

7600

7800

8000

-8 -6 -4 -2 0 2 4 6 8

Q
u

es
n

el
 R

iv
er

 F
lo

w
 (m

3 /
s)

F
ra

se
r 

R
iv

er
 F

lo
w

 (m
3 /

s)

Days After Peak

Fraser Flow (m3/s)

Quesnel Flow (m3/s)



MEMORANDUM 
Date: March 30, 2020 
File: 1190.0184.01 
Subject: Quesnel Hydraulic Modelling and Floodplain Mapping 
Page: 12 of  25 

 

200 - 286 St. Paul Street, Kamloops, BC V2C 6G4  |  T: 250.374.8311 

information beyond the surface of the water. The LiDAR and the bathymetry Digital Elevation 
Model (DEM) were merged together to create a continuous surface between the channel and 
the surrounding land.  

The bathymetric survey limits did not extend along the Fraser as far as the City’s north and 
south boundaries.  In order to extend the model to the City limits, the upper 1.4 km and lower 
1.1 km of the modelled reach of the Fraser River were interpolated based on the average slope 
along the river profile, using upstream and downstream cross-section geometries.   

There are five bridges along the modeled reaches of the Fraser and Quesnel Rivers and two 
additional bridges exist along Baker Creek. However, because only backwater is the main 
concern along Baker Creek, and the Creek is being modelled as a 2-D overflow area, these two 
structures were not included in the model. Information about bridge structures within the 
Fraser and Quesnel Rivers was collected and used to create the model geometry.  Details of 
the crossings included the location, size and shape of piers, top of bridge and underside of 
bridge elevations, and abutment locations and dimensions.  There are no other structures, 
such as dams or weirs, in the study area. 
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The overbanks were modelled as 2-D overflow areas, connected to the main channels via 
lateral structures in the form of zero-elevation overflow weirs. The 2-D mesh was defined as a 
20m x 20m uniform mesh, with a 10m x 10m resolution along defined break lines, used to 
define major changes in ground slope, such as road embankments of creek top-of-banks.  

 

6.2. LAND COVER (OVERBANK MANNING’S ROUGHNESS COEFFICIENTS) 

Land cover was digitized based on Bing imagery orthophotos, captured between August 2018 
– June 2019.  A map showing the land cover used for modelling purposes is included in Figure 
5.  The land cover was used to determine Manning’s roughness coefficients for all overbank 
areas in the model, using the “Modified Channel Method” (USGS, 19922). The following Table 
provides a summary of Manning’s roughness coefficients by land use. Detailed calculations 
using the Modified Channel Method are included in Attachment B. 

Table 2 - Land Cover (Overbank Manning's Roughness Coefficients) 

Land Cover  Manning’s ‘n’ 

Water 0.045 

Roads 0.02 

Industrial 0.15 

Agricultural 0.043 

Open Space 0.04 

Low Density Residential 0.05 

Lightly Forested 0.14 

Dense Forest 0.16 

Wetland 0.14 

High Density Residential 0.064 

Commercial 0.15 

Institutional 0.06 

  

 
2 United States Geological Survey. (1992). “Guide for Selecting Manning’s Roughness Coefficients for Natural 
Channels and Flood Plains”, Water Supply Paper 2339. 
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6.3. MAIN CHANNEL ROUGHNESS COEFFICIENTS (MODEL CALIBRATION) 

Initial Manning’s ‘n’ values for the main channel were estimated using the modified channel 
method but calibrated based on known water surface elevations. Unfortunately, the only 
available information on known water surface elevations comes from the 1992 floodplain 
mapping investigation report (NHC), which includes high water marks from a June 1990 event, 
and from the time the survey was conducted (July 1990). The high-water marks for the June 
event corresponded to peaks that did not occur simultaneously, but rather 10 days from each 
other. As a result, this event was not considered appropriate for calibration.  

The flows from the time of the survey and the surveyed water levels were used for calibration 
of Manning’s n. The following were the peak flows used: 

• Fraser River above the Quesnel River Confluence = 2,630 m3/s (July 4, 1990) 

• Quesnel River = 763 m3/s (July 4, 1990) 

• Baker Creek = 13.8 m3/s (July 4, 1990) 

The results of the calibration are shown in Tables 3 and 4 below: 
 
Table 3 - Main Channel Manning's Roughness Coefficient Calibration Results (Fraser River) 

NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
Manning’s ‘n’ 

2020 USL 
Manning’s. ‘n’ 

Recorded 
WSE (m) 

Modelled 
WSE (m) 

Difference 
(m) 

7 1028 0.030 0.027 467.31 467.34 0.03 

8 1041 0.030 0.027 467.74 467.73 -0.01 

9 1001 0.030 0.020 468.12 468.23 0.11 

11 1011 0.028 0.020 468.61 468.52 -0.09 

15 1014 0.027 0.031 468.62 468.57 -0.05 

16 1023 0.028 0.031 468.91 468.87 -0.04 

17 1037 0.028 0.031 469.4 469.38 -0.02 

 

Table 4 - Main Channel Manning's Roughness Coefficient Calibration Results (Quesnel River) 

NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
Manning’s ‘n’ 

2020 USL 
Manning’s. ‘n’ Recorded Modelled Difference 

3 1009.1 0.036 0.039 468.59 468.38 -0.21 

9 1018 0.036 0.030 468.97 469.07 0.1 

10 1021 0.036 0.037 469.25 469.2 -0.05 

12 1041 0.037 0.037 471.64 471.56 -0.08 

15 1053 0.030 0.020 471.89 472.00 0.11 

19 1061 0.030 0.020 472.35 472.68 0.33 

22 1069 0.030 0.033 473.53 473.58 0.05 
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As seen in the above tables, the calibrated Manning’s ‘n’ values are generally lower than those 
used in the 1992 study. It is important to note however, that the 1992 study included calibration 
of Manning’s ‘n’ values to multiple events over a longer reach for both the Quesnel and the 
Fraser Rivers. Additionally, based on a review of recorded Fraser River water levels at Quesnel, 
roughness values for the 1992 study were increased artificially by 20% for the model to match 
the high envelope rating curve at Quesnel.  

Because of the lack of more recently recorded water levels, it was determined that artificially 
increasing Manning’s ‘n’ values was unjustifiable, particularly given that flood flows are already 
being artificially increased to account for climate change. As a result, it was decided to use the 
calibrated Manning’s ‘n’ values as shown in Tables 3 and 4 for all simulations. Since the 
calibration results show good correlation with observed water levels, this makes the chosen 
values defendable. 

6.4. MODEL RESULTS AND FLOODPLAIN MAPPING 

Based on discussions with the City, it was decided that for the purposes of mapping the 
floodplain, Urban would use the calculated WSE for the 200-year and 20-year instantaneous 
floods, including a 20% increase to account for climate change and an allowance for freeboard 
of 0.3 m.  This approach differs from that of the 1992 study, which used to the 200-year and 20-
year maximum daily floods (with no account for climate change) plus 0.6 m of freeboard. Note 
that NHC adopted this approach because it consistently yielded higher WSEs than using the 
instantaneous flood plus 0.3 m of freeboard. However, for the present study, that approach 
would be overly conservative, as the 20% increase to instantaneous peak flows from climate 
change already accounts for a significant factor of safety.  

Tables 5 to 8 show the differences between the 1992 WSE and the present study’s WSEs used 
for the purposes of floodplain mapping. It is important to note that the 1992 report does not 
include these elevations in tabular form, and as such, they were approximated from the profiles 
included at the end of that document.  

Table 5 – 200-year Water Surface Elevation Comparison (Fraser River) 

Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)***  

Difference 
(m) 

D/S of 
Quesnel R. 
Confluence 

6 1012 471.68 472.17 0.49 

7 1028 472.10 472.83 0.73 

8 1041 472.45 473.15 0.70 

9 1001 472.97 474.06 1.09 

U/S of 
Quesnel R. 
Confluence 

10 1010.6 473.17 474.25 1.08 

11 1011 473.17 474.25 1.08 

13 1012.3 473.20 474.24 1.04 

14 1013.4 473.23 474.17 0.94 

15 1014 473.20 474.34 1.14 

16 1023 473.44 474.66 1.22 

17 1037 473.96 475.18 1.22 
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Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)***  

Difference 
(m) 

18 1052 474.26 475.57 1.31 

19 1058.32** 474.70 476 1.30 

20 1058.88** 475.09 476.64 1.55 

*Approximated from 1992 Report Profiles (NHC) – Includes 0.6 m of freeboard. 
**Interpolated cross-sections 
***Includes 20% Climate Change flow increase and 0.3 m of freeboard 

Table 6 – 20-year Water Surface Elevation Comparison (Fraser River) 

Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)***  

Difference 
(m) 

D/S of 
Quesnel R. 
Confluence 

 

6 1012 470.84 470.98 0.14 

7 1028 471.23 471.68 0.45 

8 1041 471.67 472.01 0.34 

9 1001 472.16 472.85 0.69 

U/S of 
Quesnel R. 
Confluence 

 

10 1010.6 472.35 473.1 0.75 

11 1011 472.36 473.08 0.72 

13 1012.3 472.39 473.09 0.7 

14 1013.4 472.48 473.03 0.55 

15 1014 472.47 473.1 0.63 

16 1023 472.64 473.38 0.74 

17 1037 473.27 473.95 0.68 

18 1052 473.54 474.36 0.82 

19 1058.32** 473.90 474.84 0.94 

20 1058.88** 474.30 475.58 1.28 

*Approximated from 1992 Report Profiles (NHC) – Includes 0.6 m of freeboard. 
**Interpolated cross-sections 
***Includes 20% Climate Change flow increase and 0.3 m of freeboard 

 

Table 7 – 200 year-Water Surface Elevation Comparison (Quesnel River) 

Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)*** 

Difference 
(m) 

Quesnel 
River 

1 1003.6 473.04 473.58 0.54 

2 1008 473.03 473.69 0.66 

3 1009.1 473.04 473.7 0.66 

4 1009.3 473.03 473.73 0.7 

5 1009.5 473.07 473.72 0.65 

6 1012 473.15 473.82 0.67 

7 1014 473.15 473.81 0.66 



MEMORANDUM 
Date: March 30, 2020 
File: 1190.0184.01 
Subject: Quesnel Hydraulic Modelling and Floodplain Mapping 
Page: 19 of  25 

 

200 - 286 St. Paul Street, Kamloops, BC V2C 6G4  |  T: 250.374.8311 

Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)*** 

Difference 
(m) 

8 1017.6 473.15 473.79 0.64 

9 1018 473.15 473.81 0.66 

10 1021 473.22 473.84 0.62 

11 1030 473.43 474.01 0.58 

12 1043 473.79 474.19 0.4 

13 1051 474.10 474.25 0.15 

14 1052 474.15 474.35 0.2 

15 1053 474.14 474.41 0.27 

16 1054 474.18 474.43 0.25 

17 1059 474.43 474.54 0.11 

18 1060 474.42 474.49 0.07 

19 1061 474.38 474.79 0.41 

20 1061.4 474.66 475 0.34 

21 1064 475.03 475.16 0.13 

22 1071 475.51 475.37 -0.14 

23 1080 476.06 475.75 -0.31 

*Approximated from 1992 Report Profiles (NHC) – Includes 0.6 m of freeboard. 
**Interpolated cross-sections 
***Includes 20% Climate Change flow increase and 0.3 m of freeboard 

 

Table 8 – 20 year-Water Surface Elevation Comparison (Quesnel River) 

Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)*** 

Difference 
(m) 

Quesnel 
River 

1 1003.6 472.10 472.36 0.26 

2 1008 472.10 472.45 0.35 

3 1009.1 472.14 472.48 0.34 

4 1009.3 472.14 472.5 0.36 

5 1009.5 472.14 472.51 0.37 

6 1012 472.22 472.61 0.39 

7 1014 472.22 472.61 0.39 

8 1017.6 472.26 472.59 0.33 

9 1018 472.26 472.61 0.35 

10 1021 472.30 472.63 0.33 

11 1030 472.60 472.88 0.28 

12 1043 473.15 473.26 0.11 

13 1051 473.55 473.45 -0.1 

14 1052 473.59 473.56 -0.03 
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Reach NHC X-
Section 

Urban 
Model X-
Section 

1992 NHC 
WSE (m)* 

2020 USL 
WSE (m)*** 

Difference 
(m) 

15 1053 473.63 473.62 -0.01 

16 1054 473.70 473.63 -0.07 

17 1059 473.95 472.36 0.26 

18 1060 473.99 472.45 0.35 

19 1061 473.99 472.48 0.34 

20 1061.4 474.22 472.5 0.36 

21 1064 474.54 472.51 0.37 

22 1071 475.02 472.61 0.39 

23 1080 475.65 472.61 0.39 

*Approximated from 1992 Report Profiles (NHC) – Includes 0.6 m of freeboard. 
**Interpolated cross-sections 
***Includes 20% Climate Change flow increase and 0.3 m of freeboard 
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Attachment A 
1992 Floodplain Mapping (NHC)  
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Attachment B 
Calculation of Manning’s ‘n’ Values (Overbanks) 

 
  



FLOODPLAIN MANNING'S N (Modified Channel Method) - For Building Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 1 Buildings
Degree of Irregularity (n1) 0.02 Very irregular - Buildings rise at 90 deg to ground
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.03 The buildings are obstruction
Amount of Vegetation (n4) 0.2 Used highest value since we are dealing with buildings here
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 1.250

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Field Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.03 Firm Soil
Degree of Irregularity (n1) 0.005 "Minor" - a few rises and dips or sloughs
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.003 Few scattered obstructions, occupy < 5% of cross sectional area
Amount of Vegetation (n4) 0.025 Large, on the low end, field crops or tall grasses
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.063

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Lawn Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.025 Firm Soil
Degree of Irregularity (n1) 0.001 "Minor" - a few rises and dips or sloughs.  Lowest end of Minor
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.001 Negligible - Obstructions occupy less than 5 % of cross sectional area
Amount of Vegetation (n4) 0.002 Small - Dense growth of flexible turf grass
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.029

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Road Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.015 Concrete
Degree of Irregularity (n1) 0 "Minor" - some irregularities such as ditches and roads
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0 None
Amount of Vegetation (n4) 0 None
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.015

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Tree Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.03 Firm soil
Degree of Irregularity (n1) 0.005 "Minor" - some irregularities such as ditches and roads
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.02 Appreciable obstructions such as houses and trees, covering 15-50% of area
Amount of Vegetation (n4) 0.05 "Very Large" - Treed areas.  Some variation in undergrowth, but all heavily treed.
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.105

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Water Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.015 Treating water like smooth concrete
Degree of Irregularity (n1) 0 "Minor" - some irregularities such as ditches and roads
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0 None
Amount of Vegetation (n4) 0.01 Small
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.025



FLOODPLAIN MANNING'S N (Modified Channel Method) - For Shrub Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.03 Firm soil
Degree of Irregularity (n1) 0.003 "Minor" - some irregularities such as ditches and roads
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.02 Appreciable obstructions such as houses and trees, covering 15-50% of area
Amount of Vegetation (n4) 0.05 "Very Large" - high underbrush and short trees
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.103

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Yard Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.02 Mixture of concrete and firm soils
Degree of Irregularity (n1) 0.003 "Minor" - some irregularities such as ditches and roads
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.03 Appreciable obstructions such as houses and trees, fences, and yard furniture, covering 15-50% of area
Amount of Vegetation (n4) 0.02 Medium vegetation - grass on lawns and scattered trees, gardens, shrubs
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.073

FLOODPLAIN MANNING'S N (Modified Channel Method) - For Rock Floodplain

COMPONENT (See Table 3 image on the far 
right for more detail) SELECTED VALUE COMMENT

Base n Value (nb) 0.025 Rock cut
Degree of Irregularity (n1) 0.004 "Minor" - some irregularities in rocks
Variation in Flood Plain X-Sect (n2) 0 Not Applicable
Effect of Obstruction (n3) 0.004 Negligible obstructions covering < 5% of area
Amount of Vegetation (n4) 0 None
Sinuosity of floodplain (m) 1 Not Applicable
Channel Manning's 'n' 0.033
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Attachment C 
Fraser River Flood Profiles 
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Attachment D 
Quesnel River Flood Profiles 
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Appendix C 

Channel Stability Assessment Figures  
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Appendix D 

Risk Assessment Information Template 










































