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1 Introduction 
The Dawson Creek watercourse and the City’s stormwater drainage network form a dynamic and 

interconnected system. Where creek water levels are higher than the invert (or base) level of an outfall, 

the flow at that outfall can be reduced causing the associated stormwater drainage network to backup. If 

water levels are high enough, such as in a flood event, this can cause a backflow where flood water flows 

back along the pipe leading to flooding “upstream” in the stormwater drainage network.  

To evaluate the magnitude of the impact of these interactions the stormwater drainage system was 

assessed at a high level through both field and desktop analyses. Following these analyses, we ran the 

City’s stormwater drainage model (previously developed using PCSWMM software for the completion of 

the Drainage Master Plan (OPUS, 2017), to estimate flow volumes from the stormwater drainage system 

into the riverine system. 

The purpose of this stormwater drainage assessment was to determine if there are specific discharge 

points that could be impacted by flood flows in the creek, thus affecting the stormwater system. This will 

enable the City to proactively manage backflow hazards.  
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In addition to this introduction this document is comprised of 4 sections.  

• Section 2 describes an initial desktop outfall prioritisation and an associated channel conditions 

survey.  

• Section 3 presents the results of comparing the riverine and the stormwater drainage hydraulic 

models and highlights areas of conflict where creek flows may impact stormwater drainage. 

• Section 4 provides a sensitivity check of the stormwater drainage model to assess the level of 

impact caused by the conflicts identified in Section 3 and the level of dependability between the 

Dawson Creek main channel and stormwater drainage systems. 

• Section 5 provides a summary and conclusion of this assessment. 

2 Initial Outfall Prioritisation and Survey 

2.1 Desktop Survey 
The key point of interaction between the creek system and the stormwater drainage system is at the 

outfall, where these two systems meet. An initial desktop exercise was completed to identify priority 

outfalls to locate and assess during the field survey. This was done based on the observed 2016 flood 

extents provided by the City (see the Hydraulic Model section of the main report for details). Outfall 

locations were based on the PCSWMM model data obtained from the City.  

Priority outfalls were identified as outfalls which serve major drainage networks in urban areas and which 

were within the 2016 flood extents. It was assumed that these were the drainage systems that were most 

likely to have an associated backwater hazard in that event. This resulted in 20 out of 46 outfalls being 

classed as “priority outfalls”. The results of this prioritization are presented in Figure 1. The outfall 

numbers shown in this figure are for referencing purposes only.  
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Figure 1: Outfalls identified as priority for survey based on the 2016 flood event. 

2.2 Channel Conditions 

2.2.1 Survey Approach 

One of the main objectives of the channel conditions survey was to review outfalls and to assess any 

additional factors that may impact on the stormwater drainage systems. This survey was completed by a 

flood specialist from Ebbwater Consulting Inc. and was completed in tandem with an assessment by a 

fluvial geomorphologist from Palmer (documented separately, see Appendix E of the main project report). 

The area surveyed consisted of Dawson Creek and its two main tributaries, South Dawson Creek and Ski 

Hill Creek. These three channels are part of the hydraulic model boundary and are referred to as the 

project area main channels. The Pouce Coupé river was also visited at the end of the Dawson Creek 

channel. The survey was conducted during unusually rainy conditions. A memo containing details of the 

channel conditions survey is attached to this appendix document. 
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The areas of the creek and river channels visited were as follows: 

• Dawson Creek from 223 Road to the confluence at the Pouce Coupé River. 

• Ski Hill Creek from 219 Road to the confluence at Dawson Creek. 

• South Dawson Creek from Adams Road to the confluence at Dawson Creek.  

• Pouce Coupé River upstream and downstream of the confluence with Dawson Creek. 

Priority outfalls were located wherever there was safe access by foot, and other outfalls were visited 

opportunistically. In addition, an attempt was made to access all crossing points, water level gauges, and 

areas of significant geomorphic activity (e.g., land slips and erosion) within the project area main channels.  

Photographic records were taken at points of interest and observations of the watercourse and asset 

condition were noted. A full digital photographic record has been included in this project’s data package, 

forwarded to the client separately. Each image file name includes the survey location (note as this was 

done as part of a larger survey this does not correspond with the Outfall Number), the sequential order 

of the photograph at the location (in brackets), and a short description of the photograph location, 

direction, and specific features observed, if any.  

e.g., 02 (3) west side looking west outfall. 

2.2.2 Survey Results 

In the site survey conducted August 19-20, 2019, 13 of the 20 priority outfalls and 5 of the 26 non-priority 

outfalls were located (see Figure 2). The priority outfalls that could not be located were either unsafe to 

access or were not observable due to dense vegetation.  Outfalls were a combination of large corrugated 

steel pipes, polyvinyl chloride (PVC) pipes, and open ditches. Outfall pipes ranged from approximately 0.2 

m to 1.0 m in diameter. 
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Figure 2: Priority and non-priority outfalls and whether they could be located during the site survey. 

The majority of outfalls located appeared to be functioning effectively; however, there were a few outfalls 

with potential issues that may require further investigation. These are summarized in Table 1 and shown 

in Figure 3 to Figure 8.  

Table 1: Key stormwater drainage outfall survey locations and observations. 

Outfall 

Number 

(see 

Figure 2) 

Chainage Photo 

Reference 

Observation 

10 7640 09 (15), 9 

(3), and  

9 (5) 

Water levels in roadside drainage appear high, potentially due 

to a high sediment load. 

The outfall was difficult to observe due to dense vegetation so 

may be obstructed. 

18 7830 10 (12) End of outfall appears damaged but functioning. 

15 3930  

(S. Dawson) 

16 (6) and 

16 (10) 

Heavy vegetation was blocking the outfall at 17th St Crossing. 
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Outfall 

Number 

(see 

Figure 2) 

Chainage Photo 

Reference 

Observation 

39 11300 30 (6) and 

30 (7) 

An outfall at the 8th street bridge is broken and the invert is at 

or below water level. 

Water levels in roadside drainage appear high, potentially due 

to a high sediment load. 

44 14720 37 (4) Outfall sits on a slope failure. The outfall is partially obstructed 

but is running. The banks are also very high in this area so the 

associated flood hazard is assumed to be minimal. 

Outfall 

on Ski Hill 

Creek 

2662  

(S. Hill) 

44 (1) Outfall partially blocked by either a localized slope failure or 

accretion at the outfall mouth. 

Data on this outfall were not provided. 

 

 

Figure 3: Outfall blocked with heavy vegetation in culvert. Photo ref: 16 (10). 

  

Figure 4: Road drainage artificially high and overflowing, potentially due to a high sediment load. Photo refs: 9 (15) and 30 (7). 
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Figure 5: Outfall 10 (green) potentially partially obstructed leading to high water levels in road drainage. Photo refs: left 9 (3), 
right 9 (5). 

 

Figure 6: An outfall at the 8th Street bridge is broken and the invert is at or below water level. Photo ref:30 (6). 
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Figure 7: Outfall 44 partially obstructed by a surrounding land slump. Photo ref: 37 (4). 

 

Figure 8: Outfall on Ski Hill Creek partially blocked by localized slope failure or accretion. Photo Ref:44 (1). 

As there were a large number of outfalls which could not be located, a further survey is recommended to 

review the condition of priority outfalls. This is particularly important in areas where slope failures are 

common as this could lead to outfalls being damaged or obstructed. One example location where this was 

observed was at Outfall 44. As shown in Figure 7, Outfall 44 appeared to still be flowing although partially 

obstructed. The ground rises rapidly behind this outfall and as shown in Figure 2 the associated 

stormwater drainage network is limited. The increased flood hazard for this partial blocking is therefore 

likely to be low. 

3 Interface Between Creek Flows and Stormwater Drainage 
We conducted a review of 46 outfalls represented in the drainage model to identify those that could be 

impacted by fluvial flood levels, causing issues in the stormwater network. Outfalls are likely to become 

impacted by fluvial flood based on the point at which creek water levels rise above the inlet of the outfall. 
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This impact will worsen as water levels increase, and could lead to the outfall causing backflow in 

“upstream” areas of the piping network. 

3.1 Outfalls with Compromised Flow Capacities 

To identify priority outfalls of concern, we developed screening criteria to consider key factors as follows: 

• Outfalls whose capacity would be compromised by relatively low magnitude, high frequency 

flood events. This was based on flood information extracted for the 46 outfall locations using 

the HEC-RAS hydraulic model software, for all present-day AEP floods. 

• Outfalls that served significant upstream drainage networks in an urban area. This screening was 

based on professional judgement. 

We then produced a plot showing the lowest magnitude AEP event at which outfalls become affected 

(Figure 9). 

 

Figure 9: Lowest AEP at which creek water levels are higher than the outfall invert. 

As presented in Figure 9 a significant number of outfalls are impacted under relatively common flood 

events. 20 outfalls were affected in a 50% AEP flood event, and 23 in a 10% AEP flood event. The number 
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of outfalls affected increases significantly for the larger magnitude flood events with 37 out of 46 outfalls 

impacted by the 0.5% AEP flood event. 

Based on the results of this analysis, roughly the 20% AEP was used to identify outfalls whose flow 

capacities would be compromised relatively frequently. 

The outfalls which were impacted by the 20% AEP were then reviewed to identify whether they served 

significant drainage networks that could lead to flooding in urban areas. Drainage ditches were also 

discounted at this point. Out of the 46 outfalls analysed, 10 outfalls were determined as serving a 

significant drainage area and found to be under water for the 20% AEP. Details on these priority outfalls 

are listed in Table 2. 

Table 2: Priority outfalls based on the interface of flood extents from the hydraulic model. 

Outfall Number Outfall Name Outfall Diameter Approximate Area Drained 

13 OU15401 0.90 m 17th St north of 102nd Ave 

15 OU153221 0.90 m 17th St north of South Dawson Creek 

18 OU154001 0.675 m 102nd Ave east of Dawson Creek 

21 OU153121 0.45 m 102nd Ave & 16th St south of 104th Ave 

26 OU153151 1.20 m 14th St from Alaska Highway to 107th Ave 

29 OU152061 0.75 m 13th St north of Dawson Creek  

33 OU101001 0.60 m 12th St to 118th Ave 

35 OU152021 0.90 m 9th St north of Dawson Creek to Alaska 

Highway 

38 OU114002 0.525 m  8th St north of Dawson Creek to Alaska 

Highway 

39 OU114011 1.20 m 8th St south of Dawson Creek to 121 Ave 

 

The list of outfalls in Table 2 was checked against areas of the stormwater drainage system that were 

modelled in the Drainage Master Plan (OPUS, 2017) as being surcharged during the design storm (5-year, 

24-hr period). Based on Figure 7-1 of (OPUS, 2017), all of the outfalls listed in Table 2 are part of 

surcharged stormwater mains. This analysis suggests that the pluvial flood conditions modelled as causing 

surcharging in specific areas of the stormwater drainage system are likely to be exacerbated due to 

riverine flood conditions. 

There are several changes seen when comparing the outfalls listed in Table 2 with the outfall identified as 

a priority for survey in Section 2 (see Figure 9). Outfall 26 is now classified as a priority as it was affected 

during the 10% AEP flood. Outfalls 6, 16, 17, 34, and 37 however, were classed as a priority for survey but 

were not included in the updated prioritisation. These outfalls are therefore not considered a priority for 

future mitigation. 

It should be noted that the likelihood of a backflow being created and associated flooding occurring is 

dependant on several factors. This includes the geometry of the drainage network and land and water 
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levels. This assessment therefore provides a high-level overview only, describing the potential scale of 

impacts. The water levels used were the maximum water levels at these locations and therefore represent 

a snapshot in time of the worst-case condition during any single event.   

3.2 Magnitude of Impact to Outfalls 

To gain a better understanding of the magnitude of impact on the stormwater drainage system we also 

looked at the depth of water above outfall inverts (or head level) for the 20% and 0.5% AEP flood events. 

These events were chosen to provide an indication of the range of depths and outfalls affected from both 

a relatively common and a more extreme flood event. The results are presented in Figure 10 and Figure 

11, respectively. As presented in these figures there are significant head levels across a number of the 

priority outfalls for even the smaller of the two events. Outfalls 7, 13, 18, 26, 29, 35, and 39 all have head 

levels of more than 2.0 m in a 20% AEP flood. For the 0.5% AEP flood, the head levels increase dramatically, 

with most outfalls experiencing downstream head levels of over 2.0 m. This means that there is the 

potential for backflow from a much larger number of outfalls than those identified as priority outfalls.  

 

Figure 10: Depth of head water at outfalls for a 20% AEP flood event. 
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Figure 11: Depth of head water at outfalls for a 0.5% AEP flood event. 

4 Stormwater Drainage Model Runs 
The PCSWMM model was run for the 10 priority outfalls to visualize the effect during a 20% AEP riverine 

flood event, and the design storm rainfall event (5-year, 24-hour). Figure 12 shows the change in water 

depths at outfall 29 (selected as an example only) with and without the high river flows. It can be seen in 

the figure that the outfall capacity is reduced by the high river flows and that a backflow is created; 

however, this is not sufficient to cause additional surcharging of the maintenance holes upstream. The 

results were similar for the remaining 9 priority outfalls for this flood event.  

The design storm rainfall event used in this comparison is a relatively low magnitude storm; that event 

was used as the data were readily the available in the PCSWMM model. It is expected that the impact 

would be greater for larger magnitude storms. Based on the analysis, maximum water levels for the 

riverine conditions should be considered when utilizing the SWMM model for planning and prioritization 

of the stormwater system. This would reduce uncertainty when prioritizing system updates such as 

backflow prevention devices. 
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Figure 12: Illustrative example of potential overflow and backwater conditions in the upstream drainage system of Outfall 29. 
The current model (left) only considers the design rainfall event (20% AEP, over a 24-hour period). The updated model (right) 
considers the design rainfall event and riverine flooding (20% AEP). Water appears turquoise colour, the ground surface is 
green colour, and the vertical rectangles are maintenance holes. 

5 Discussion and Conclusion 
This assessment has confirmed the high level of interaction between the stormwater drainage systems 

and the natural creek system in a flood event.  

The channel conditions survey confirmed that, aside from a few noted examples, in general the outfalls 

visited at Dawson Creek appeared to be able to flow freely under normal conditions. It should be noted 

however, that a large number of outfalls could not be located during this survey. This was due to a 

combination of areas not being accessible by foot and outfalls not being observable due to dense 

vegetation. This dense vegetation could cause an obstruction for these outfalls, as was seen at Outfall 15. 

The frequency of slope failure in the area is also a potential hazard for the outfalls and could result in 

outfalls being blocked or damaged. It is recommended that outfalls, particularly in urban areas, should be 

monitored to check their ongoing condition and any slope failure should be checked to establish whether 

an outfall was present. 

The stormwater drainage assessment confirmed that the effectiveness of the stormwater drainage system 

is likely to be highly impacted in a flood event. There are significant head levels recorded at outfall 

locations by the hydraulic model, which is likely to cause a backing up of the stormwater drainage system, 

even at relatively low magnitude flood events. The stormwater drainage model was rerun using the 20% 

AEP flood event. This allowed a visualisation of this impact at the 10 priority outfalls. This limited test 

indicated that these water levels do not have a significant impact on flooding of the stormwater drainage 

system, however, it is expected that the impact will increase significantly for larger events. 
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The information from this assessment can be used to prioritise activities at the City of Dawson Creek 

related to: 

• Update downstream boundary conditions in the stormwater drainage model (PCSWMM) to 

simulate backflow conditions during various AEP floods. 

• Prepare and implement plans to manage backflow during flood events.  

• Prioritize maintenance or replacement of the priority outfalls identified in Table 2 to ensure that 

they are in good working condition. 

• Revisit flood impacts based on infrastructure projects that could affect creek channel dynamics. 

6 References 
OPUS (2017) ‘City of Dawson Creek Drainage Master Plan’. 
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To: City of Dawson Creek From: Dickon Wells, Robert Larson (Ebbwater 
Consulting Inc.) 

Date: 14 April 2020 File Number: P149 

Subject: Summary of the channel conditions survey completed by Ebbwater Consulting 
Inc. 19/08/2019 – 20/08/2019 

1 Introduction 
As part of the flood mapping project a channel conditions survey was completed on 19-20 

August 2019, to observe watercourse conditions in and around the project area at specific 

locations. The survey was used primarily to inform the stormwater drainage assessment 

(Appendix E of the main report). However, pertinent field-based information was also collected 

related to bridges and road crossings, and hydrometric monitoring stations operated by the 

City. This memo contains details on this supplemental information, which was used to the 

inform the project team in the completion of the hydrologic analysis and hydraulic modelling. 

2 Survey Approach 
A visual assessment was completed by a flood specialist from Ebbwater Consulting Inc. and was 

completed in tandem with an assessment by a fluvial geomorphologist from Palmer 

Environmental Consulting Group Inc. (documented separately, see Appendix E) of the project 

main report). The area surveyed consisted of Dawson Creek as well as its two main tributaries, 

South Dawson Creek and Ski Hill Creek. These three channels are part of the hydraulic modelling 

study area and are referred to as the project area main channels. The Pouce coupé river was 

also visited. As indicated in Appendix F, the photographic record has been included in the 

project’s data package. 

3 Assets Interface 

3.1 Bridges and Road Crossings 

Bridges and road crossings were a mixture of large diameter culvert structures and concrete 

clear span structures. In several locations accretion and debris jams were causing an 

obstruction to flow at culvert bridges. Where accessible, a photograph was taken at each 

side of the road crossing. The bridges and road crossings are summarized in Table 1 and Table 

2. 

Table 1: Clear span bridges survey locations and observations. Bridge and road crossing assessment locations. 
Survey 

Location 
Chainage Indicative 

Photo 
Reference(s) 

Channel Obstruction (Impact on Flow) 

01 1090 01 (9) 

04 4750 04 (6), 04 (7) Vegetated banks forming in stream (minor) 

06 6070 06 (7) 

07 6180 07 (7), 07 (8) Vegetated banks forming in stream (moderate) 

09 7640 09 (4), 09 (11) Vegetated banks forming in stream (moderate) 
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12 0000 (S.Daw) 12 (9) 

19 8960 19 (6), 19 (9) Debris in the stream (minor) 

25 9940 25 (6) 

26 10490 26 (2) 

49 750 (S.Hill) 49 (6) 

Table 2: Culvert bridges survey locations and observations. 

Survey 
Location 

Chainage Indicative 
Photo 

Reference(s) 

Channel Obstruction at Crossing (Impact of 
Flow) 

02 3280 02 (3) 

10 7830 10 (9), 10 (12) Vegetated banks forming in stream (severe) 

14 2240 (S.Daw) 14 (3), 14 (5) Debris block culvert (minor) 

16 3930 (S.Daw) 16 (2) Debris block culvert (moderate) 

30 11300 30 (3), 30 (6) Debris block culvert (minor) 

32 12940 32 (5) 

42 3140 (S.Hill) 42 (2) 

43 2590 (S.Hill) 43 (2) 

47 2150 (S.Hill) 47 (2), 47 (3) 

3.2 Water Level and Flow Gauges 

There are nine water level stations within the project area main channels. In-line with 

recommendations from the Dawson Creek Flood Mitigation Plan report, the City installed three 

new continuous water level gauging stations in the project area in 2018. While water levels have 

been continuously recorded and the City are confident that they were able to measure 2019 

freshet flows, staff have been challenged to measure other flows to construct rating curves at 

these stations (see Table 3). Rating curves are critical as they can be used to estimate flows based 

on the continuously recorded water levels.  

Channel conditions at the location of water level gauging stations were noted; these observations 

were useful for the evaluation and processing of water quantity data for this project’s hydrologic 

analysis. 

While the majority of the stations were located during the survey, two could not be accessed. 

Field observations and relevant information obtained on the gauging stations is summarized in 

Table 3. 
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Table 3: Water level gauging station information obtained through survey. 

Station Name  Survey 

Location 

Chainage Photo 

Ref 

Observation / relevant information 

Mainstem 

Mile Zero 

HMS 

06 6070 n/a  City has been unable to complete 

summer flow calculations, as the flow 

has been too low due to the low 

gradient. 1 

Mainstem 17th 

St US WL 

09 7640 09 (7) The end of pipe appeared to be partially 

obstructed and the gauge may not be 

reading correctly. 

Mainstem 102 

US WL 

Mainstem 102 

DS WL 

10 7830 10 (14) The upstream gauge is in heavy 

vegetation and may not be reading 

correctly, the downstream gauge could 

not be located. 

South Dawson 

DRG HMS 

12 0000 

(S.Daw)  

n/a Beaver dams are present upstream and 

downstream, which has prevented 

summer measurements. 1 

SD 108Ave WL 13  1940 

(S.Daw) 

 Could not be located 

SD 17S US WL 

SD 17S DS WL 

16 3930 

(S.Daw) 

16 (11) The upstream gauge could not be 

located. The downstream gauge was 

present but next to dense vegetation. 

Mainstem 

15st WL 

18 8830  Could not be located 

Mainstem 

10st WL 

25 9940 25 (8) The gauge appears in good order. 

Mainstem 

Rotary Bridge 

WL 

32 12940 32 (1) The gauge was potentially located but 

appears to have been broken by a slope 

failure. 

Ski Hill Creek 

155Ave HMS 

45 2150 

(S.Hill) 

n/a The station was located in long grass, 

preventing summer flow measurements. 
1 

 

 

1 Information obtained from personal communication with Chelsea Mottishaw, Watershed Coordinator, 

City of Dawson Creek in the lead-up to the survey. 
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4 Record of Onsite Communication 
The following notes were recorded during an onsite discussion with Chelsea Mottishaw (City of 

Dawson Creek): 

• 8th Street bridge is due to be replaced with a clear span bridge. There is currently strong

political pressure to also replace 102nd Avenue.

• There is significant channel straightening on the Dawson Creek occurring in the

agricultural areas upstream of the City. The City has no control over this.

• Stockpiles of aggregate are currently spilling into Dawson Creek from the facility on the

corner of 99th Avenue and 18th Street.

The following notes were recorded during an onsite discussion with the owner of the funeral 

home on the corner of 13 Street and 102 Avenue: 

• There are various theories as to where flood waters come from. These largely relate to

where the creek spills out first. Anecdotally, water comes along 17th Street before the

bridge on 102nd Avenue overtops.

• During the flooding in 2016, water levels were approximately 3-4 “bricks” deep in the

North Eastern corner of the building and inside the property.

• The funeral home and the landowner opposite are very keen to have a clear span bridge

replacing the current culverts on 102nd Avenue.

• The parking lot has large cracks appearing along the edge where it is sloping towards the

river. These features have occurred recently, after the 2016 flood event.

5 Conclusion 
Field surveys are an important component of flood mapping work. Through this channel 

conditions survey, Ebbwater personnel gained a better appreciation—by seeing with their own 

eyes—how the landscape and features of interest could be affected by flood. The supplemental 

information collected was shared with the rest of the project team, leading to more robust 

hydrologic and hydraulic modelling assessments.   


