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1 Introduction 

1.1 Background 
Urban Systems was retained by the Town of Golden (Town) to prepare an update to the Town’s Master 

Drainage Plan (Urban Systems, 2000).  The objective of the update is to review the stormwater level of 

service and develop a climate change adaptation strategy to reduce the Town’s vulnerability to future 

climate change impacts.   

Climate change adaptation has been recognized as a priority for the Town. Climate change studies for the 

Columbia Basin concluded that higher temperatures are expected and may result in more short duration, 

high intensity rain events that can overwhelm the stormwater infrastructure and cause flooding in urban 

areas. The Town’s existing stormwater infrastructure has capacity constraints even under existing 

conditions and cannot manage the increased amount of runoff resulting from climate change.  

The Master Drainage Plan Update is fully funded by the Federation of Canadian Municipalities (FCM), under 

their Municipalities for Climate Innovation Program. 

1.2 Scope of Work 
The project was conducted in five phases.  

The Phase 1 work included the catchment delineation and characterisation of the study area, and a site 

visit to review areas with known drainage problems and identify the causes. A review of Town’s growth 

plans and policies and guidelines relevant to stormwater management was also completed, to gain an 

understanding of how the Town manages stormwater and where some of the priority improvement areas 

are.  

The focus of Phase 2 was the development of a PCSWMM model of the Town’s stormwater system, and 
the assessment of infrastructure performance, capacity constraints, and level of service under existing 
conditions. Phase 3 included the confirmation of catchment areas that experience a reduced level of service 
or flooding, a review of potential causes of drainage problems, and development of recommendations for 
improvement. 

The assessment of climate change impacts was undertaken in Phase 4 of the study. It included the 
development of updated IDF curves, the analysis of stormwater system response to different climate change 
scenarios, the development of a risk matrix, and the recommendations for infrastructure upgrade program. 
The Climate Adaptation Strategy for the Town was formulated in Phase 5.  
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1.3 Guidelines and Policy 
The Town’s Subdivision and Development Servicing Bylaw (2008) specifies the following levels of service 

for the Town’s stormwater management system: 

 Minor System – drywells, storm sewers, swales, etc.  

o 1:5-year return period storm for low-density residential areas 

o 1:10-year return period storm for industrial, commercial, institutional, and high-density 

residential areas 

 Major System – overland flow 

o 1:100-year return period storm 

All new development areas larger than four (4) hectares are required to provide a stormwater management 

plan and attenuate post-development off-site discharge to the 1:5-year pre-development flow rate. Runoff 

flow attenuation is typically achieved through on-site retention/detention and infiltration.  

Additionally, runoff quality treatment is to be considered for flows up to 50% of the 1:2-year post-

development flow rate or the 1:5-year pre-development peak flow rate, whichever is greater. The Town 

typically accepts oil & grit separator units as means to achieve water quality requirements, although other 

treatment options (ponds, wetlands) could be considered.  

1.4 Background Information 
The following documents and reports were provided by the Town of Golden and were used in the level of 

service assessments:    

Stormwater Management Reports: 

 Canyon Ridge Estates Phase 1 Modelling Report  

(Vector Engineering Services, April 2005) 

 Stormwater Management Plan 1025 -10th Ave North 

(Onsite Engineering, February 2015) 

 Bears Paw Heights Stormwater Management Report 

(WSP Canada, February 2018) 

 Stormwater Management Plan for Rocky Point Multi-Family Residential Development 

(Westhoff Engineering Resources, July 2017) 

 Technical Stormwater Assessment Memorandum for Kal Tire in Golden, BC 

(Westhoff Engineering Resources, July 2016) 
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Geotechnical Studies: 

 Geotechnical Site Investigation Report for Selkirk Hill Road 

(Groundtech Engineering, September 2014) 

 Preliminary Geotechnical Engineering Assessment Report – Golden Gate Centre 

(Levelton Consultants, April 2013) 

 Geotechnical Assessment – Golden Holiday Inn Express  

(exp Services, May, 2012) 

 Geotechnical Investigation - Bear’s Paw Heights Subdivision 

(Calibre Geotechnical Engineering, June, 2005) 

 Geotechnical Evaluation – Golden 2004 Road Upgrades Geotechnical Evaluation – Golden Road 

Projects – 2006, (McIntosh Lalani Engineering, February, 2006) 

 Geotechnical Evaluation – 7th Street North and Kicking Horse Drive Road Upgrades 

(McIntosh Lalani Engineering, August, 2004) 

 Geotechnical Evaluation – Golden 2004 Road Upgrades 

(McIntosh Lalani Engineering, May, 2004) 

Miscellaneous Design Information 

 Typical drywell design 

 Bowle Evans Drive – Driveway Culvert Size Review 

 Field Density Report – 802 9th St. North 

 11th Ave North Watermain - Engineering Drawings 

 Golden Bike Path Drainage Improvements – Engineering Drawings 

 Intensity-Duration-Frequency curve for Golden, BC (1973-2005) 

 Golden Curb & Gutter 10th Ave East - Engineering Drawings 

 Best Practices for Protection of Groundwater Resources in British Columbia 

 Pavement Evaluation – Canyon Ridge Development 

1.4.1 Climate Change Studies 

 Kicking Horse River Climate Change Adaption, Ice Jamming and Gravel Deposition Study 
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2 Analysis and Assessment of Drainage Conditions 

2.1 Description of Study Area 
The Town of Golden is located within the Columbia River watershed, at the confluence of Columbia and 

Kicking Horse rivers (Figure 1).  

In majority of the older established areas of the Town, stormwater servicing is provided by infiltration wells 

(drywells). Most often, infiltration wells are sized based on a standardized approach, regardless of the land 

uses or soil permeability in the contributing catchment areas. Infiltration wells require regular maintenance 

and may clog with sediment over time, particularly in areas with high imperviousness and high sediment 

loadings. The effectiveness of infiltration wells is also negatively impacted by high groundwater, which 

occurs when the river levels are high.  During major storm events, nuisance flooding causing property 

damage has sometimes occurred. 

Some newer parts of the Town have curb and gutter and are serviced by storm sewers. In other areas, 

runoff generally flows along streets, roadside ditches and culverts. Where the stormwater system is not well 

defined, runoff collects in low areas, or flows down steep hills causing erosion.  

The Town’s existing stormwater infrastructure is shown on Figure 2.  Currently, the Town operates and 

maintains approximately 271 infiltration wells, with additional wells usually installed as a drainage 

improvement solution in areas that experience ponding water.  

Only the minor storm system consisting of infiltration wells was analyzed as part of this study. The limited 

storm sewer network located within the provincial road Right-Of-Ways was studied in the 2000 Master 

Drainage Plan and no updates to the previous analysis are required.   

The future development and growth areas, as identified in the Town of Golden Baseline Report of Growth-

Related Infrastructure Requirements (Urban Systems, 2010), are shown on Figure 3. Discussion of 

potential servicing options for future development and growth areas is provided in Section 3.5.   
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Figure 1: Location Plan 
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Figure 2: Existing Stormwater Infrastructure 
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Figure 3: Future Development and Growth Areas 
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2.2 Geotechnical Review 
A desktop study of geotechnical evaluations from various development and road projects in the Town was 

performed to get an understanding of local soil conditions and its appropriateness for disposal of stormwater 

via drywell infiltration. Figure 4 demonstrates the findings of the geotechnical review.  

Areas of the Town with sand and gravel subsoils are considered suitable for drywell infiltration. These areas 

are mainly located south of the Kicking Horse River. Areas with silty soils, such as the northeast part of the 

Town, should not utilize drywell infiltration as the soils are less permeable.  

Northwest areas of the Town, including the downtown area, were found to have highly intermixed types of 

soils with some areas of high groundwater. Therefore, more detailed geotechnical analysis on a site-to-site 

basis is recommended to establish the ability of the local subsoils to infiltrate stormwater.   

2.3 Analysis Tools 
Data analysis and processing for the study was completed in ArcGIS, while PCSWMM hydrologic model 

was utilized to assess infrastructure performance and estimate the level of service during certain storm 

events.  

The PCSWMM model applied in the analysis is: 

PCSWMM Professional 2D, version 7.1.2480 

Graphical Interface for EPA SWWM version 5.1.012 

2.4 Catchment Delineation and LiDAR Analysis 
Storm catchments were delineated in ArcGIS using 50-cm Light Detection and Ranging (LiDAR) data 

supplied by the Town. The main objective of the exercise was to establish contributing catchments to each 

collection node consisting of 271 drywells and 35 manholes, a total of 306 nodes.  

While the spatial resolution of the LiDAR data is considered adequate for high-level catchment delineation, 

it should be noted that some local grading features may not be fully captured. In addition, the survey was 

completed in 2008 and therefore does not accurately represent changes to the surface grades that occurred 

since 2008. Most notably, Highway 1 upgrades adjacent to Lafontaine Road were completed in 2012 and 

are not captured by the existing data.  

Further analysis was performed to determine the location and depth of low-lying areas where ponding of 

stormwater could occur. The depth of depression areas and their volumes are shown on Figure 5 and 

Figure 6.   

The overland flow paths are shown on Figure 7 and Figure 8. The paths are generated by ArcGIS 
analysis and should only be used to identify general drainage direction in a specific area of the Town.  
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Figure 4: Geotechnical Review 
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Figure 5: Depth of Depression Areas 
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Figure 6: Volume of Depression Areas 
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Figure 7: Overland Flows Paths – South of Kicking Horse 
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Figure 8: Overland Flow Paths - North of Kicking Horse 
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2.5 Climate Data Assessment 
Environment and Climate Change Canada (ECCC) regularly updates Intensity-Duration-Frequency (IDF) 

curves for Canadian territories. The IDF curve for the Town of Golden was updated by ECCC in 2014 and 

included precipitation data from 1973 to 2012. The existing IDF curve is considered adequate for the 

purposes of the study and was used to assess the existing level of service and risk. 

Climate change impacts on the precipitation patterns are discussed in Section 3.  

2.6 Analysis Methodology 
Due to a large number of catchments, a standardized approach was selected for the analysis of the Town’s 

storm system. Land use and number of drywells servicing the area were determined for all catchments. 

PCSWMM was then used to simulate 24-hour, 2, 5 and 10-year design storm events to determine the area 

thresholds for each storm event with every combination of land use type and number of drywells found 

within the study area.  

Therefore, by comparing the area thresholds with the actual areas of the catchments, it was possible to 

place them into one of the following categories: 

 Less than 2-year level of service 

 2 to 5-year level of service 

 5 to 10-year level of service 

 Over 10-year level of service 

In other words, the higher the number of drywells, the higher the level of service for a given catchment size.  

Table 1 provides a summary of imperviousness ratios assumed for land use types found in Golden. 

Table 1 – Catchment Parameters and Imperviousness Ratios 

Land Use 

Total Imperviousness 
Ratio 

Directly Connected 
Imperviousness Ratio1 

(%) (%) 

Residential 50 50 

Commercial 80 100 
Low-density 
residential  

25 100 

Undeveloped Land 
and Open Space 

0 0 

(1) Expressed as a percentage of impervious area rather than a percentage of total area. 
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A summary of soil infiltration parameters used for the analysis is provided in Table 2. 

Table 2 – Soil Infiltration Parameters for Pervious Surfaces 

Parameter Value 

Saturated Hydraulic Conductivity (K) 15.5 mm/hr 

Suction Head (Ψ) 170 mm 

Initial Deficit 0.30 

 

The following parameters, outlined in the 2008 Subdivision and Development Servicing Bylaw, were 

assumed for a typical drywell: 

 Internal diameter = 1200 mm; plus 1.0 m wide layer of drain rock surrounding the barrel 

 Barrel depth = 2.5 m 

 Coefficient of permeability = 1x10-1 cm/sec, consistent with sandy gravel subsoils  

 Safety Factor = 2  

Using these parameters, one typical drywell at its maximum depth was calculated to have a design 

infiltration capacity of 13 L/s. Furthermore, an additional 30 m3 of surface storage was assumed for all 

drywells to account for ponding within existing roadways. This is an average ponding capacity as seen in 

LiDAR that’s not considered a risk to the public or surrounding property.   

It should be noted that the assumed coefficient of permeability assumption may be lower in some areas of 

the Town, particularly areas in the northeast and in the northwest along 9th St. North, which consist of silty 

subsoils. Furthermore, several types of infiltration wells of varying age and condition exist in Golden. Older 

drywells may have different parameters that result in higher or lower infiltration capacities than assumed in 

the analysis.  

2.7 Existing Level of Service 
Areas serviced by drywells were analyzed as discussed in Section 2.6. The estimated level of service for 

each catchment is shown on Figure 9. Highway 1 drainage area, the drainage area to the gravel pit in 

Town, and provincial roadways serviced by a storm sewer network are also shown. Areas of local ponding 

without positive drainage are highlighted in blue and areas that drain overland without a minor storm system 

are labelled as Overland Drainage. 

Areas that are currently underserviced are further discussed in Section 3.4 and potential actions are 

suggested based on the risk assessment analysis which considers the existing level of service.  
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2.8 Additional Local Drainage Problems  
In addition to areas identified on Figure 9 that have inadequate level of service, the Town staff also pointed 

out areas with known drainage problems, which are largely local in nature, caused by lack of positive 

drainage or underperforming drywells. Table 3 below provides commentary, regarding the potential causes 

and solutions to each area of concern referenced on Figure 10.  

It was identified that other than items 13 and 14, the areas of concern brought forward by the Town were 

more localized than the areas identified in the level of service analysis and the two approaches did not 

always identify the same priorities. The level of service analysis is intended to identify larger catchment 

areas and corresponding infrastructure that can fail in intense storm events. These are catchments where 

large runoff volumes would fill up the smaller depressions before cascading further downstream until 

reaching the ultimate discharge location. The risk levels identified in the level of service analysis are also 

based on significant ponding areas that pose a risk to public safety or infrastructure due to their significant 

depth or proximity to private property. In contrast, the areas of concern identified on Table 3 are based on 

the Town’s maintenance concerns which often included local problems such as drainage paths or gutters 

that were not properly graded to catchbasins, resulting in minor ponding that was not considered to be as 

significant safety risk as the ponding identified in Figure 5.  

There were, however, several areas of concern identified by the Town that were also highlighted during the 

level of service analysis. An example of the area that is found in both analyses is item 13 where flows 

accumulate at the bottom of the hill from a large upstream area.  

The priority infrastructure upgrade recommendations are presented in Section 3.  Generally, the 

recommendations are based on the larger overall risk to infrastructure and public safety. Smaller localized 

problems are considered to be a lower priority, although it is still recommended to consider upgrades on a 

site-by-site basis if there are opportunities such as regular infrastructure improvement programs in the 

impacted area. 
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Table 3 – Areas of Concern 

 

  

Item Description Cause Notes Suggested Action 

1 Ponding Poor drywell performance. 
Drywells have a small catchment area indicating they are underperforming 

due to being undersized, excessive sedimentation or poor subsoils 
Geotechnical investigation. 

Drywell cleanout or replacement. 

2 Ponding Poor drywell performance. 
Drywell has a small catchment area indicating the drywell is underperforming 

due to being undersized or excessive sedimentation. 
Drywell cleanout or replacement. 

3 Erosion 
Large upstream area discharging down a 

steep hill. 
Area has a large upstream area accumulating along Spruce Dr and 

discharging at the bottom of the hill 
Implementation of erosion control        
features along the roadside ditch. 

4 
Frost heave - flow 

bypassing CBs 
Poor subsoils. 

Local silty subsoils are unsuitable for drywell infiltration causing frost heave 
due to ponding water 

Implementation of future pipe drainage 
system (see Section 3.5) 

5 Ponding Drainage not provided. Soils may be unsuitable for drywell infiltration causing frost heave. 
Replacement of existing manhole          

cover with a grated top. 

6 Ponding Heaved curb. Site is serviced by MOTI piped system.  
Geotechnical investigation to determine 

the causes of frost heave.  
Regrading of the road. 

7 
Ponding at 
intersection 

Drainage not provided. Depression area is not provided with a collection node. 
Installation of additional catchbasin 

connecting to highway drainage system. 

8 Ponding Poor drywell performance Existing drywell is undersized for its catchment area. Installation of additional drywell. 

9 Ponding Drainage not provided 
Catchment area is not provided with a drainage system, however there is an 

existing soak pit.. 

Road could be raised to contain ponding. 
Practicality of pipe system under CP 

lands to be assessed. 

10 
Ponding during winter 

snowmelt 
Poor grading Area not draining due to poor grading. Drywell was installed in Nov. 2018. 

Monitor for possible grading 
improvements. 

11 
Ponding during winter 

snowmelt 
Drainage not provided. Area not draining due to poor grading. Grading improvements. 

12 
Ponding during winter 
snowmelt/heavy rain 

Poor drywell performance Existing drywell is undersized for its catchment area Installation of additional drywell. 

13 
Excessive ponding; 

heaved CB 
Large upstream area Area has a large upstream catchment accumulating at the shown location Grading improvements (see Section 3.5) 

14 Ponding Drainage not provided. 
Area is not provided with a proper drainage system and existing drywells are 

undersized for their catchment areas 
Grading improvements. 

Installation of additional drywells 
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Figure 9: Level of Service - Existing Conditions 
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Figure 10: Areas of Concern 
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3 Assessment of Climate Change Impacts 

3.1 IDF Curves Update 
The IDF-CC Tool from the University of Western Ontario was used to generate IDF curves, using climate 

models downscaled by the Pacific Climate Impacts Consortium. Four different future rainfall scenarios were 

analysed. These include two different time periods, with two climate predictions in each.  

The time periods are 2006-2056, representing a “near future” scenario, and 2050-2100, representing a “far 

future” scenario. For each time period, nine (9) IDF curves were generated from nine different climate 

models to assess a variety of future forecasts. Based on these nine models, two different predictions were 

selected for considerations in each time period. The first one is the Median scenario, which represents the 

“average forecast” of all the climate models. The 90th percentile of all the climate models therefore 

represents an “extreme forecast”. For each time period, comparing the median to the 90th percentile 

provides information about the variability between forecasts, and what could occur in a “worst-case” 

scenario. 

The IDF graphs (Figures 11 and 12) show that the intensity of design storms is expected to increase 

significantly throughout both time periods. The peak (5 minute) intensity of the 1:100 year storm event is 

expected to be between 46-70% higher in the near future scenario, and between 56-102% higher in the far 

future scenario. The total volume of the 24-hour, 1:100 year storm is expected to increase by 25-44% in the 

near future and 35-80% in the far future scenario. This means that larger storms will occur more frequently, 

and the storms are also expected to have more intense peaks.
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Figure 11: Climate Change IDF - Near Term 
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Figure 12: Climate Change IDF - Far Term 
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3.2 Future Level of Service Assessment 
An important consideration when comparing the Median and 90th percentile scenarios is that there is no 

single ‘most accurate’ climate model; each model is equally as likely to predict the future climate correctly. 

(i.e., the 90th percentile forecast is just as likely to be true as the Median forecast). Therefore, it is 

recommended to consider both cases when assessing infrastructure performance.  

Some infrastructure components may be predicted to have the same level of service in the near future in 

both scenarios, which means adaptation strategies can be determined independently of which scenario is 

used. Other infrastructure may provide an acceptable level of service if the Median is used but fails when 

the 90th percentile is used. In these instances, the difference between the scenarios indicates an increased 

risk, and strategies around them should consider the consequences if something were to fail. For instance, 

if the failure of a piece of infrastructure to provide an adequate level of service doesn’t result in any damages 

or injury, then considering the Median might make sense to reduce costs. However, if failure of the 

infrastructure in question would result in property damage or risk to public safety, then the strategy should 

consider the worst-case forecast, because it is just as likely to occur as the median. Presenting both 

scenarios allows for an informed decision-making process that considers likelihood of risk, consequence of 

risk, and cost of increasing infrastructure resiliency. 

The results of the assessment of the stormwater system’s level of service for various climate change 

scenarios (including existing conditions for reference) are presented in Figures 13 to 15.  The level of 

service presented in these figures is calculated based on an average drywell design and typical soil values. 

It is important to note that the field conditions of the drywells as well as the soil characteristics can be highly 

variable;  therefore this assessment only presents the risk due to catchment size and drywells servicing 

each catchment, but should be considered alongside additional risks presented in the previous work, such 

as the ponding areas and flow paths if drywells were to fail, as well as the flooding risks associated with 

high river levels.
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Figure 13: Level of Service - 2006-2056 Median 
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Figure 14: Level of Service - 2006-2056 90th Percentile 
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Figure 15: Level of Service - 2050-2100 90th Percentile 
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3.3 Risk Assessment  
The level of service assessment presented in Section 3.2 provides information on the likelihood of failure 

of the stormwater infrastructure. However, this is only one aspect of the overall risk to the stormwater system 

resulting from climate change; the other aspect of risk is the consequence of failure. For example, if a piece 

of infrastructure has a high likelihood of failure, but the failure would only result in minor ponding with a low 

risk to public safety or infrastructure damage, than the overall risk associated with this infrastructure would 

be relatively low. 

To quantify this relationship, the Town’s infrastructure was evaluated using the risk score methodology 

presented in Table 4.  

Table 4 – Risk Score Matrix 

C
on

di
tio

n/
D

ep
th

 o
f 

F
lo

od
in

g 
(C

on
se

qu
en

ce
 o

f 
fa

ilu
re

) 

5 6 7 8 9 10 

4 5 6 7 8 9 

3 4 5 6 7 8 

2 3 4 5 6 7 

1 2 3 4 5 6 

  1 2 3 4 5 

                           Level of service (Likelihood of failure) 

For this assessment, the consequence of failure is defined as the extent or depth of flooding that can occur 

when the level of service is not met, or infrastructure fails. The potential extent of flooding is presented as 

depression storage on Figure 5. The scoring for consequence of failure is assigned as shown in Table 5.  

Table 5 – Consequence of Failure Scoring 

 

Depth of Flooding Score 

None 1 
<0.3 m 2 

0.3 to 0.5 m 3 
0.5 to1.0 m 4 

>1.0 m 5 
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The likelihood of failure is defined in terms of the infrastructure ability to meet the expected level of service.  

The scoring for likelihood of failure is assigned as shown in Table 6.    

Table 6 – Likelihood of Failure Scoring  

 
Level of Service Score 

> 10-year 1 
5 to 10-year 2 
2 to 5-year 3 

< 2 year 4 
None (local ponding) 5 

 

Once the consequence score and the likelihood score were generated for each catchment, the risk score 

was calculated as per Table 4 above. The risk level can then be categorized as shown in Table 7:  

Table 7 – Risk Level and Potential Action 

Risk Level Score Description Action 

Minimal 2 Infrastructure meets the required level of service for 
current and future climate conditions.   

None  

Low 3 to 4 Although the level of service is less than desired, 
the risk to property or life is low. Low priority for 
upgrades.  

Monitor   

Medium 5 to 6 Reduced level of service with a potential for 
flooding, however the risk to property and public 
safety is limited.  

Monitor 
Upgrade system over 
time (long term)  

High 7 to 8 Low level of service and high potential for flooding.  
High risk to property damage or public safety, 
especially in the areas with deeper ponding areas.  

Upgrade required 
(short to medium 
term) 

Extreme 9 to 10 Infrastructure failure. High risk for property damage 
and public safety. Extreme levels of flooding 
possible. 

Upgrade required 
(immediate to short 
term) 

 

The scoring system presented above, based on the depth of flooding and level of service, provides a useful 

way to objectively quantify risk for most of the town’s system where smaller urban catchments are serviced 

using drywells.  

However, it was recognized that a purely numerical system did not account for some of the unique drainage 

conditions in the larger, less developed catchments. Further review of site-specific conditions resulted in 

several of the catchment scores being updated.  These are presented in Figure 16 and Table 8 below.
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Figure 16: Site-Specific Risk Level Adjustments 
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Table 8 – Site-Specific Risk Level Adjustments 

Catchment Preliminary 
Risk Level 

Adjusted 
Risk Level 

Reason for Adjustment 

S327 (north) Extreme Low Risk level was based on a lack of drainage 
infrastructure and potential for deep ponding. However, 
ponding would occur in natural areas or fields removed 
from the residential areas, where the risk to public 
safety is lower. Additionally, runoff volumes from the 
largely undeveloped catchments are expected to be 
low. 

S326 (north) High Low 

S226 (HWY1) Extreme Low 

S318 (HWY1) Extreme Low 

S317 (HWY1) Extreme Low 

S266 (SE) High Low 

S49 (SE) Medium Low 

S244 (West) Extreme Medium Largely undeveloped and likely to have low runoff. Risk 
of deep (>1.0 m) ponding against the railway; however, 
this would only happen if the culverts underneath the 
railway failed.  
The risk is considered medium instead of low because a 
significant portion of the Town might spill overland into 
this area if there is an extreme storm event. 

S232 (South) Extreme High These are areas that could potentially pond against the 
railway, but runoff volumes are likely small because 
large portions are undeveloped. However, the risk is 
considered high in these catchments because the 
ponded areas are close to developed properties and 
could represent a safety risk. 

S313_2 (S) Extreme High 

S131 

(Downtown) 

Extreme High The area north of downtown has no drainage 
infrastructure in place and has the potential for deep 
ponding. The risk is downgraded from extreme to high 
because the area is undeveloped and runoff volumes 
are likely to be low, however ponded areas are close to 
residential areas and represent a potential safety risk.  

S183 (Res) Medium Extreme This area was only rated as medium risk because it is 
serviced by a dry well that has some capacity. However, 
the north portion of this catchment will pond between 
private lots to depth of 0.85 m before spilling to the dry 
well, which represents a significant localized safety risk. 

 

The final risk assessment levels with the adjustments are presented graphically on Figures 17 to 20. With 

a decreasing level of service as a result of increased storm intensity in the climate change scenarios, the 

risk level of some catchments is expected to increase over time. 
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Figure 17: Risk Level – Existing Conditions 
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Figure 18: Risk Level - 2006-2056 Median  

 

 



P a g e  |  3 3  

  

Figure 19: Risk Level - 2006-2056 90th Percentile 
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Figure 20: Risk Level - 2050-2100 90th Percentile 
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3.4 Priority Infrastructure Upgrades 
The assessment of risk levels was used to prioritize areas for infrastructure upgrades. The highest priority 

areas, recommended for immediate to short-term upgrades, are any areas rated as extreme risk in the 

existing conditions as they represent a current risk to public safety and infrastructure.  

Second priority was given to areas that are rated as high risk in the existing conditions but are predicted to 

increase to extreme risk in climate change scenario. These are recommended to be addressed in a short 

to medium term timeframe as they represent a currently increasing risk.  

Third priority was given to areas which are rated as high risk in the existing scenario, but don’t see increased 

risk under the climate change scenario. As the risk is high but not increasing, these could be addressed in 

a medium-term timeframe depending on available resources. 

The priority areas are presented in Figure 21 and Table 9 below. 

The representations of level of service and risk score in Figures 13 to 20 are recommended to be used by 

the Town as a tool to guide future site-specific infrastructure upgrades. For example, if a project such as a 

redevelopment, road resurfacing, or maintenance is being undertaken, the site can be cross-referenced 

with the information presented on these Figures to see if there is an associated risk and an opportunity to 

decrease it. In many cases, incorporating infrastructure upgrades to address risk concurrently with another 

project will significantly decrease the cost of the upgrades.  Considering this analysis alongside regular 

asset management can therefore provide an efficient way for the Town to reduce its overall stormwater risk.
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Figure 21: Priority Infrastructure Upgrades 
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Table 9 – Recommendations for Priority Infrastructure Upgrades 

Priority Area and Description Suggested Action 

1 1 – The LiDAR analysis revealed several small residential 

catchments (11 catchments identified on Figure 11) that do 

not have positive drainage and have the potential for deep 

ponding in residents’ yards during extreme storms or spring 

freeze-thaw conditions. Although the extent of ponding is 

small, these are ranked as extreme risk because ponding will 

directly impact properties and may present a safety risk for 

children. 

Engage with residents to ensure that they are aware of the risk and 

can take mitigative actions, such as ensuring that there is enough 

grade to keep ponding away from the foundation wall and that 

basement window wells are kept clean and have a sufficient lip to 

prevent water ingress. On a site-by-site basis, there may also be 

opportunities to regrade or create drainage swales to ensure positive 

drainage to the street. 

1 2 – This is a significantly larger non-draining area, with the 

potential to impact several properties along the west end of 

11th and 12th Streets. There is additional risk because a large 

area to the east might overflow into this area during extreme 

events. Based on the LiDAR in this area, the back lanes have 

a positive drainage to the west towards the railway, and 

possible ponding near properties is mostly due to a lack of 

defined drainage paths. 

The previous MDP identified a drainage swale along the railway that 

drained to the railway culvert at the west end of 12th Street. However, 

LiDAR analysis shows this is not well defined and predicts local 

ponding. This drainage route and the lanes could be enhanced with 

only minimal re-grading by contouring the lanes to make sure flow 

doesn’t shortcut into properties and redefining the overland drainage 

swale between the residential area and the railway to provide positive 

drainage towards the railway culvert or into the natural area to the 

south.  

1 3 – This is a large non-draining area between 7th and 8th 

streets. There is significant risk because the area is not well 

graded, and there are several medium-depth ponding areas 

between private houses. Additionally, although the area 

generally drains west, LiDAR shows the drainage is poorly 

defined and could result in ponding between 5th and 6th Ave. 

Engage with homeowners along 8th Street to ensure they are aware 

of the local ponding areas (as shown on the depression storage map) 

and evaluate if there are site-specific grading opportunities to create 

positive drainage.  

1 4 – This area appears to be non-draining because it ponds 

against the Kicking Horse River berm. It is unknown whether 

there is any infrastructure in place in this area; no culverts are 

shown on the town’s infrastructure map. Because the 

ponding is in private yards, it represents a significant risk. 

Based on the low elevation of this area relative to the Kicking Horse 

River, a culvert with a flap gate may not be able to drain during many 

storm events. Therefore, this area may need to be drained actively 

with a sump pump if infiltration is insufficient. Because there is only a 

small catchment draining to this area, it may also be possible to fill 

the depression slightly to lower the maximum depth and the 
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corresponding safety risk, although a secondary solution would still 

be needed to protect the houses. This is in private property, and 

solution will require engagement with the residents.   

1 5 – This is another area that is not draining because the runoff 

ponds against the Kicking Horse River berm. The ponding is 

deep and in private backyards, so it is a significant safety risk. 

Based on LiDAR, it appears that it would be possible to create positive 

drainage to the natural area in the northwest by creating a swale along 

the rear fence-line. Engagement with homeowners would help to 

evaluate the most efficient way to create positive drainage and 

reducing the safety risk associated with deep ponding.   

1 6 – This is a significant risk area that was also identified by 

the Town staff as a frequent maintenance issue. A large 

portion of the industrial/commercial area along 11th Avenue 

drains to the drywells on the north side of the Trans-Canada 

interchange. This area has a large sediment loading which 

frequently clogs the drywells. Additionally, based on LiDAR, 

the railway ditch shortcuts back into this area instead of 

continuing south. 

Based on LiDAR, it appears that the railway ditch is intended to drain 

underneath the interchange to the large undeveloped area on the 

south side of the interchange encompassed by Station Avenue. A 

minimal amount of regrading to the 11th Avenue access road could 

restore this drainage path, which would greatly reduce the area 

contributing runoff to drywells. Areas within Station Avenue could then 

be used as a larger infiltration facility which would have a much greater 

capacity and be less prone to clogging. This would require 

coordination with the MoTI and potentially CPR. 

1 7 – This area does not have any drainage infrastructure 

apparent in the Town’s maps. LiDAR analysis shows the 

potential for very deep ponding encroaching on properties 

along the west end of 10th Avenue. The area appears to have 

positive drainage to a ditch in the west corner before backing 

up, and it is possible there is an existing culvert here that is 

buried or not identified in the Town’s maps. 

If there is no existing culvert, a culvert or a drainage swale through the 

tree stand at the end of 10th Avenue would allow this area to drain 

positively to the drainage channel along Kicking Horse Drive, and 

prevent any deep ponding. 

1 8 – The LiDAR analysis shows that the backyards of the 

properties between 9th and 10th street are drained into the 

centre of the block, and will pond to unsafe levels before 

finally spilling onto the road. 

Because of the extent of ponding, covering 10-11 properties, this is 

recommended as a priority separately from the smaller non-draining 

areas (number 1 above). Homeowners should be engaged to ensure 

they are aware of the risk and can take actions to mitigate their own 

properties. Based on topography it will be difficult to grade this area to 

flow to the street, so it is recommended to place drywells in the lane 

closest to the low point, and re-grade the lane slightly for a defined 

low point. 
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2 I to iii – The risk maps show that many of the residential 

catchments on the west side of Town that are currently high 

risk will become extreme risk in the near-term climate change 

scenario. These catchments are all identified as having an 

increased level of risk. This is because they are on the west 

side of town that is at risk of ponding due to the railway berm 

and the poorly defined drainage paths in this area. 

Additionally, overland spill in extreme storms will concentrate 

in these areas. 

Based on LiDAR, these catchments have the potential to drain 

overland to the west with minimal regrading to create more defined 

flow paths along the west side of the area. Where possible, overland 

drainage is preferable to dry wells. 

2 iv to vi – These are residential catchments that are predicted 

to have increased risk of flooding in the future climate change 

scenarios. Because of the relatively large contributing areas 

being serviced by the drywells, these catchments may be 

overwhelmed by the increased storm intensity predicted by 

the climate models. Additionally, there are ponded areas that 

present a risk to public safety if the drywells fail. 

In many of these areas, it is not feasible to regrade to reduce the 

ponded area as this would require rebuilding large portions of the 

existing road. However, this should be examined on a site-by-site 

basis if any road improvements are scheduled to take place, because 

that may provide a cost-effective opportunity to reduce risk. In general, 

the recommended way to increase the resiliency of this catchments is 

to add additional drywells or increase the surface area of current dry 

wells to provide the best possible capture rate. 

3 A and D – Residential Catchments with the potential for deep 

ponding if the drywells fail or get overwhelmed in an intense 

storm. 

Grading to reduce depression storage depth in these areas will be 

difficult. The recommended improvement is to add an additional 

drywell to improve the safety margin, along with engaging 

homeowners so they are aware of the potential risk. 

3 B and C – Both of these catchments have a risk of very 

extensive and deep ponding due to the lack of defined 

drainage between the residential area and the railway, which 

represents a significant safety risk. 

Based on LiDAR analysis, the undeveloped areas in the south 

portions of these catchments could be regraded to create defined 

drainage paths away from the residential areas, and towards culverts 

underneath the railway. The safety risk can be reduced by ensuring 

any ponding areas stay as shallow as possible.  

3 E and F – Potential for deep ponding on the west side of the 

area along 5th Avenue and Riverglen Dr. 

Grading in the area to reduce the depth of ponding will be difficult 

because of the number of established properties and roads nearby. 

However, the overall risk could be reduced by adding additional dry 

wells to the area to increase the level of service and reduce the 

chances of ponding occurring by as much as possible. 
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3 J – This area is only serviced by a single drywell which has a 

relatively low level of service. 

The addition of another dry well would significantly reduce the risk in 

this area. 

3 H – This area has a small but deep area of ponding close to 

properties on the north side of the street. 

Based on LiDAR and site visits, the ponding is a very localized 

problem, and could likely be eliminated with a minimal amount of 

regrading. This could be incorporated in the next scheduled road 

resurfacing program, for example. 

3 K and G – These areas do not have a defined drainage 

strategy, which means runoff will pond locally throughout the 

area. 

As this is a potential future development area, drainage strategies can 

be incorporated as part of future development. 

 



P a g e  |  4 1  

  
TOWN OF GOLDEN 
MASTER DRAINAGE PLAN UPDATE 

February 2019 

3.5 Future Growth Areas 
The risk assessments were also used to inform the discussion of servicing for future growth areas. These 

areas are presented in Figure 22 and Table 10. 

Table 10 – Future Growth Infrastructure Upgrades 

Priority Area and Description Suggested Action 

4 A – The area adjacent to the Airport and 

the railway tracks. This was identified as a 

major risk area in the analysis above, 

because of two factors. First, in the 

situation where drywells in the residential 

area get overwhelmed, a large area of the 

Town drains to this catchment. Second, the 

drainage path is not very well defined, and 

there is a potential for extremely deep 

ponding against the railway berm if the 

single existing culvert within future area A 

was to fail or be overwhelmed. 

Servicing this area for any future development 

should take into consideration the overland flow 

potential from the residential area of town. The 

large catchment area could easily overwhelm 

drywells or infiltration strategy in this area. 

Therefore, it is recommended that any future 

development plan for this area incorporate an 

overland flow channel that can capture potential 

flow from the east and direct it safely through or 

around the site, separately from any drainage 

system developed for the site itself. A retention 

system may have to be incorporated to reduce 

the high flow rate to the capacity of the culvert 

underneath the railway (which itself may need to 

be upgraded). The suggested drainage strategy 

for the future development would be to create a 

storm minor system that can drain the area safely 

down to the Columbia river, to avoid reliance on 

drywells. 

4 B – The area to the northwest of downtown 

does not currently have any drainage 

strategy in place, and runoff ponds locally 

until it infiltrates or evaporates. There is a 

risk of extensive ponding in this area in a 

large storm event. 

Dry wells in this area may be subject to reduced 

capacity due to a high groundwater table from 

the Kicking Horse River, therefore providing an 

overland drainage path or a piped minor system 

is recommended. The north portion of this area 

is addressed above as a priority and could be 

drained overland with the addition of a culvert or 

swale in the west corner. The central portion of 

this area near downtown does not have the 

topography to drain overland; therefore, it is 

recommended to be serviced using a piped 

minor system. This could take advantage of the 

existing lift station downtown or create a 

secondary system to bring flow across the river 

berm. 
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4 C – This area primarily drains south to the 

railway tracks, where it is expected to be 

infiltrated in the undeveloped area. 

Based on the risk analysis, the primary risk in this 

area is due to the depth and extent of ponding, 

which could encroach on the existing properties. 

Any new development in this area provides an 

opportunity to create defined drainage paths and 

ensure that overland spill and ponding is kept 

away from properties, to reduce the overall risk. 

4 D – These areas along 10th Avenue are 

currently drained by drywells and were 

found to be generally well-serviced in the 

risk analysis (all of the identified problems 

were due to local grading, not systemic 

across the area). 

Because this area appears to be generally 

functioning well, new developments may not 

require any additional servicing strategies 

beyond drainage for individual lots. The risk 

score maps should be referenced for individual 

areas with ponding and poor drainage, because 

infill development may provide opportunities to 

regrade these areas. This area is adjacent to 10th 

Avenue and can connect in to the minor system, 

but this will depend on the development staging. 

4 E – The area on top of the hill to the 

southeast appears to be functioning well, 

with only medium risk levels. There are 

some erosion problems identified where 

flow runs down the escarpment. 

Dry wells in this area appear to be working well, 

so this strategy can continue to be used for 

redevelopment. Individual lots may not require 

any additional servicing. 

4 F – The industrial and commercial area 

between the railway and the Trans Canada 

Highway was identified as a priority 

upgrade area in the risk analysis above. 

This area sees significant ponding near the 

highway interchange due to poor grading. 

Implement the priority improvements listed 

above prior to any significant development in this 

area. Consider using the area enveloped by 

Station Avenue as a pond and infiltration gallery 

to service the entire area, rather than relying on 

localized dry wells which need frequent 

servicing. 

4 G – The existing development areas north 

of the Trans Canada Highway were 

identified by the Town as problem areas; it 

appears that drywells in this area are not 

providing deep infiltration, and there are 

problems with localized road damage due 

to frost heaving.  

The geotechnical review presented in Section 

2.2 identified that the soil in this area contains 

much higher amounts of silt and some clay, 

compared to the soils in the valley bottom which 

are primarily gravel and thus much better suited 

to infiltration. It is possible that a higher fraction 

of silt or even clay lenses are preventing water 

infiltrated in dry wells from percolating further 

downwards; water sitting in the upper soil layers 

could explain the road cracking seen by the 

Town. Because of this risk to infiltration capacity, 

any future development in this area should 

provide detailed and site-specific geotechnical 

review before considering infiltration as means 

for stormwater disposal. Because there is 
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elevation available to drain this area using a 

piped minor system, it is recommended to install 

a conventional minor system and pond strategy, 

instead of using dry wells. Area G_1 would 

naturally drain to the northwest into the creek 

adjacent to 12th Street North. Areas G_2 would 

natural drain south across the highway. Area 

G_3 has recently been redeveloped with the 

additional of the Golden View interchange and 

does not appear on Town infrastructure maps 

yet. The infrastructure around the interchange 

should be reviewed to see whether there is 

existing capacity that can be used to drain the 

north area down to the Kicking Horse River 

without relying on drywells. 
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Figure 22: Future Growth Areas 
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4 Climate Adaptation Strategy  
The potential impact of climate change on the Town’s stormwater infrastructure, the risk assessment 

framework and the infrastructure upgrade prioritization plan are presented in the previous sections of the 

report. In addition to ensuring that an adequate level of service can be maintained though infrastructure 

upgrades, building resiliency to climate change needs to include actions related to integrating climate 

change considerations into ongoing business decisions, ensuring financial means are in place, building 

adaptive capacity and stakeholder partnerships, and monitor and respond to impacts over time through 

adaptive management planning.  With that, the overarching goals of the Climate Adaptation Strategy for the 

Town of Golden related to its stormwater infrastructure can be presented through the following strategic 

directions:  

1. Integrate climate change considerations into existing policies, guidelines, and standards 

2. Minimize infrastructure risks and vulnerabilities to climate change impacts  

3. Implement proactive capacity building and adaptive management practice 

Each strategic direction is associated with adaptive actions and timing of actions, as presented below:   

Strategic Direction 1: Integrate climate change considerations into policies, 
standards and guidelines  

Adaptive Action 
Implementation 

Timing 

Engage with regional stakeholders and the Province to update floodplain maps for 

Kicking Horse and Columbia Rivers. 

Immediate 

Incorporate updated IDF curve into the Town’s drainage standards for new 

development areas. A recommended approach would be to replace the historical IDF 

curve with the projected 2006-2056 median scenario.  

Immediate 

Revise drainage standards to consider longer-term climate change scenarios for future 

drainage planning, such as limiting drywell installation in areas with low soil 

permeability.  

Short term 

Incorporate climate change assessment results into future land use planning. Short term  
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Strategic Direction 2: Minimize infrastructure risks and vulnerabilities to 
climate change impacts 

Adaptive Action 
Implementation 

Timing 

Upgrade local drainage infrastructure (pipes, dry wells) for areas identified as extreme 

risk with a low level of service and lacking an emergency escape route 

Immediate 

Establish upgrade plans for areas identified as high risk with a reduced level of service Short term 

Evaluate climate change scenarios and future resiliency for medium risk area. 

Prioritize infrastructure plans and upgrades to first address areas at risk of failure in 

short-term climate change events.  

Short to 

medium term 

Include infrastructure resiliency upgrades in redevelopment planning. Short to 

medium term  

Create a long-term plan considering the 90th percentile scenario as well as the shorter-

term scenarios for priority infrastructure to increase resiliency. The longterm plan is to 

consider future growth areas and updated drainage policies and standards.  

Medium term 

Consider short and long term climate change scenarios for low-risk areas, to determine 

the most efficient timing to implement resiliency upgrades. 

Long term   

Regularly monitor the minimal-risk areas to ensure that level of service is maintained 

in future storm events. 

Long term 
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Strategic Direction 3: Implement proactive capacity building and adaptive 
management practices  

Adaptive Action 
Implementation 

Timing 

Build financial capacity and internal resources to implement climate adaptation action 

plan and respond effectively to climate change impacts over time. 

Short term 

Incorporate climate change assessment results into future land use planning. Short term 

Regularly review and update design standards and requirements as new climate 

models and pertinent data become available. 

Short to 

medium term 

Enhance monitoring and data collection for climate change impacts (storm events, 

precipitation, changes in water quality, drywell performance)  

 

Short to 

medium term 

Develop and implement an adaptive management plan.  Short to 

medium term  

 

  



P a g e  |  4 8  

  
TOWN OF GOLDEN 
MASTER DRAINAGE PLAN UPDATE 

February 2019 

5 Summary and Conclusions  
The project assessed the stormwater infrastructure performance and level of service under existing 

conditions and for several future climate change scenarios.  Storm catchments were delineated using LiDAR 

data from 2008, therefore any changes to surface grades that occurred after 2008 have not been captured.  

The infrastructure performance was analysed using the PCSWMM hydrologic model. Typical drywell 

parameters (internal diameter, barrel depth, coefficient of permeability) were taken form the 2008 

Subdivision and Development Servicing Bylaw.  While using these parameters is considered adequate for 

this level of analysis, it should be noted that permeability may be lower in some areas of the Town that have 

predominantly silty subsoils, and that some of the older drywells may have higher or lower infiltration 

capacities that assumed in the analysis.   

The estimated existing level of service is presented on Figure 9.  

The results of the assessment of the stormwater system’s level of service for various climate change 

scenarios are presented on Figures 13 to 15.  

The infrastructure risk assessment was performed using a risk score matrix that considers the likelihood of 

failure (represented as level of service) and the consequence of failure (represented as depth of ponding). 

Risk scoring methodology is presented in Table 7. Site-specific risk level adjustments were applied to 

catchment risk scores; this is presented in Figure 16 and Table 8.  The final risk assessment levels with 

the adjustments are shown graphically on Figures 17 to 20.  

The assessed risk levels were used to prioritize areas for infrastructure upgrades. The proposed 

infrastructure upgrades prioritization plan is presented in Table 9 and Figure 21. In addition, the risk 

assessments were used to propose a servicing strategy for future growth areas. This is presented in Figure 

22 and Table 10.  
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6 Recommendations 
The priority infrastructure upgrade plan (Table 9), should be implemented as presented. The Priority 1 areas 

represent extreme risk to public safety and infrastructure and should be corrected in the immediate to short 

term.   

Areas that are rated as Priority 2 are high risk in the existing conditions, but the risk is expected to increase 

with climate change. These should be addressed in a short to medium term timeframe.  

Priority 3 are areas with current high risk, where risk is not increasing with climate change impacts. 

Infrastructure upgrades in these areas can be addressed as resources become available.  

Several localized problem areas with insufficient drainage infrastructure (Table 3) are considered to be a 

lower priority, although it is still recommended to consider upgrades on a site-by-site basis if there are 

opportunities such as regular infrastructure improvement programs in the area. 

The level of service and risk scores represented in Figures 13 to 20 should be as a tool to guide future 

site-specific infrastructure retrofits. In many cases, incorporating infrastructure upgrades to address risk 

concurrently with another project (road project, new development or redevelopment) will significantly 

decrease the cost of the upgrades.  Considering this analysis alongside regular asset management can 

therefore provide an efficient way for the Town to reduce its overall stormwater risk. 

Currently, the Town uses infiltration as a primary means of stormwater disposal. This works well in areas 

with sand and gravel subsoils, mainly located south of the Kicking Horse River. Northwest areas of the 

Town, including the downtown area, were found to have highly intermixed types of soils with some areas of 

high groundwater. A more detailed geotechnical analysis is recommended in these areas, to determine if 

drywell implementation would be adequate to meet the expected level of service. Because of lower soil 

permeability, the recommended servicing strategies for several future growth areas (Table 10) include a 

piped stormwater system. Other alternatives, such as detention storage and lot-level source control 

measures, can be considered on a site-by site basis. Some examples of source control measures include 

bioretention areas, bioswales, or stormwater capture and reuse on site.   

The Town should build resiliency to climate change impacts through implementation of the proposed 

Climate Adaptation Strategy (Section 4). The Strategy includes actions related to building adaptive capacity 

and stakeholder partnerships, ensuring financial means are available, and developing an adaptive 

management program.  
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1.0 INTRODUCTION 
 

During 1999, Urban Systems Ltd. prepared a provincial study grant application to undertake a stormwater 

management study on behalf of the Town of Golden.  The application was subsequently approved by the 

BC Ministry of Municipal Affairs and work began on the study in November 1999. 

 

The need for the study was apparent because the Town of Golden has been experiencing more frequent 

and more serious problems related to stormwater runoff during the past several years.  The problems 

include localized ponding of stormwater and erosion in local drainage channels. 

 

This report is the product of the stormwater management study.  It presents background information, 

design criteria, results of the analysis, and recommendations with respect to drainage system 

improvements. 

 

The stormwater management study had a number of objectives.  These are summarized as follows: 

 

• Definition of minor drainage courses such as culverts and storm sewers; 

• Definition of major drainage courses and contributing drainage basins; 

• Modelling of the existing drainage system; 

• Identification of improvements to correct existing drainage deficiencies; 

• Evaluation of future development and its impact on the existing drainage system;  

• Identification of improvements to correct future drainage deficiencies; and  

• Preparation of cost estimates. 
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2.0 ANALYSIS/DESIGN CRITERIA 
 

2.1 Minor and Major Drainage Systems 
 

Stormwater management systems are typically designed and constructed such that they consist of two 

parts.  One part is the minor system, or convenience system.  Its purpose is to quickly remove 

stormwater runoff that results from relatively frequent storm events.  The other part is the major system, 

or emergency system.  Its purpose is to convey and store the large peak flow rates and volumes of runoff 

that result from extreme and infrequent storm events while protecting people and property from harm. 

 

The minor drainage system is intended to accommodate runoff from storm events up to and including the 

5 or 10 year return period event.  Minor system components usually include roof gutters, rainwater 

leaders, service connections, swales, street gutters, catchbasins, and storm sewers. 

 

The major system is typically designed and built to accommodate runoff from storm events up to and 

including the 100 year storm.  The major system usually consists of natural streams, gullies, streets, 

swales, channels, culverts, and ponds. 

 

The minor and the major systems, in the Town of Golden, were defined by delineating the sub-

catchments, channels and outfalls of each system, as shown in Figure 1 and Figure 2, respectively.  The 

components of each system were represented in a computer model to determine the behaviour of each 

system under different conditions.   

 

2.2 Computer Modelling 
 

The stormwater system modelling software OTTHYMO was used as a tool to estimate the runoff from 

each catchment.  Commands from the software were chosen and a series of parameters were required 

for each of the following:  urban catchments, rural catchments and pipes.  All of the values chosen for 

the parameters are found in Appendix A. 

 

2.2.1 Urban Land 
 

Urban land was represented by the STANDHYD or standard hydrograph command.  This command 

required area, slope, imperviousness, losses, and surface roughness.  The following is a brief description 

of each parameter and how its value was established. 
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Area and Slope 

 

The area and average slope of each catchment area were measured from topographic maps.   

 

Imperviousness 

 

Imperviousness is the ratio of the amount of impervious surfaces to the total area of the catchment.  This 

value was estimated using orthophotos and photogrammetric mapping.  

 

Losses 

 

Rainfall losses were calculated using the method developed by the United States Department of 

Agriculture, Soils Conservation Service (SCS).  The main parameter for this method is the Curve Number 

or CN.  Appendix A shows the estimated values for each catchment.  A table of typical CN values can be 

found in Appendix B. 

 

The initial abstraction is another parameter used to define rainfall losses.  It refers to rainfall that does 

not reach the ground because of interception by trees or other vegetation.  For urban areas, the initial 

abstraction was estimated to be 5 millimetres. 

 

Manning’s Roughness 

 

Manning’s roughness coefficient was needed to characterize the surface roughness of the basin.  A value 

of 0.016 was used for impervious areas and 0.25 was used for grassed areas.   

 

2.2.2 Rural Land 
 

Rural land was represented by the NASHHYD or Nash hydrograph command.  This command required 

area, imperviousness, curve number, initial abstraction, and time to peak.  The first three parameters are 

the same as for urban land.  A value of 10 millimetres was used for initial abstraction for rural areas.  

Time to peak is defined as follows. 

 

Time to Peak 

 

Time to peak is the length of time that it takes for the peak runoff to occur at the low end of the 

catchment area after the peak intensity of the design storm event. 
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2.2.3 Pipes 
 

In the Town of Golden, the minor system consists of a pipe system with catchbasins.  

 

The ROUTE PIPE command was used to model the pipe systems.  It requires the user to input pipe 

diameter, length, roughness, and slope.  All of the parameters were measurable and 0.013 was chosen 

as the roughness coefficient for concrete pipe. 

 

2.3 Rainfall Events 
 

2.3.1 Return Periods 
 

Minor systems are typically designed to accommodate runoff from storms with return periods ranging 

from 5 - 25 years.  The 5-year return period is often applied to rural areas, while the 25 year return 

period is reserved for high-value commercial or industrial areas.  The 10 year return period was used in 

this study to determine design flows for the minor system, as per the Subdivision and Development 

Servicing Bylaw No. 922, 1993. 

 

The major drainage system is typically sized to accommodate runoff from storms with return periods 

ranging from 100 - 200 years.  The 100 year return period was used in this study to determine design 

flows for the major system, as per the Subdivision and Development Servicing Bylaw No. 922, 1993.   

 

For this project, storm events with a return period of 10 years will be referred to as the minor storm and 

the storm events with a return period of 100 years will be referred to as the major storm. 

 

2.3.2 Design Storms 
 

Meteorological data collected at the Golden Airport is available through Environment Canada, 

Atmospheric Environmental Services (AES).  The rainfall data and Intensity-Duration-Frequency (IDF) 

curve for this station is provided in Appendix C. 

 

The total depth of rainfall was calculated for different storm durations at the Golden Airport.  The next 

step was to determine the rates at which the rain fell throughout the duration of the storm, or the 

intensity.  A design storm distribution is used to distribute the rainfall over a given duration.  The design 

storm used in this study was developed by the Atmospheric Environment Service to represent rainfall 
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distributions for the Interior of British Columbia.  The distribution and the design storms for various 

durations for Golden are found in Appendix D. 

 

2.3.3 Duration 
 

The computer model was run using various storm durations (1 hr, 2 hr, 6 hr, 12 hr, 24 hr) to find the 

storms that gave the highest peak flows and the highest runoff volumes.   

 

A range of storms must be examined because the storm that results in the highest peak flows may be 

different than the storm that results in the greatest runoff volume.  By examining a range of storm 

durations, both peak flow rate and runoff volume maximums can be established.   

 

2.3.4 Snow Melt 
 

There are many factors that contribute to a major snowmelt runoff and such an analysis was beyond the 

scope of this report.  The design rainfall event and model parameters chosen are considered to be 

greater or equal to a severe snowmelt condition.   

 

The rainfall event that has been modelled is the 100 year design event with a total rainfall of almost 50 

millimetres over a 24 hour period, over the entire study area.  This would equate to runoff from the quick 

snowmelt of approximately 500 millimetres of snow, with no allowance for local depression storage or 

infiltration, assuming the ground is still frozen.  Based on the above, the design rainfall events and the 

model parameters chosen are considered to be of greater or equal value, compared to a severe snowmelt 

condition. 

 

It is recommended that extra attention be given to the maintenance of catchbasins, culverts, ditches, and 

channels in early spring to ensure that there are no ice or snow blockages that could cause flooding by 

reducing the flow capacity of the Town’s drainage system. 

 

2.4 Scenarios 
 

Two main scenarios were analyzed for this study.  These include the following: 

 

• The minor system under the effects of the 1 hour duration 10 year return period storm. 

• The major system under the effects of the 24 hour duration 100 year return period storm and the 1 

hour duration 10 year storm.   
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3.0 DRAINAGE SYSTEMS 
 

3.1 Existing Conditions 
 

3.1.1 Minor System 
 

Figure 1 shows the drainage basins contributing to the minor drainage system and the directions of flow.  

Some areas of town have curb and gutter, other areas are serviced by ditches and culverts.  There are 

two areas that are serviced by an underground storm system: 

 

• The first area, 10th Avenue North and 7th Street North, along Highway 95, drains to the Kicking 

Horse River via a lift station and force main.   

• The second area, 10th Avenue South, drains through ditches to the Columbia River.    

 

Figure 3 shows the details of the pipe system.  The existing storm sewer systems perform adequately, 

but if additional flow is added to either system, the capacity of the pipes should be re-examined. 

 

Thirteen problem areas were brought to the attention of USL by the Town, and are shown in Figure 4 

along with a table describing the nature of the problems.  The first twelve items are related to nuisance 

flooding, areas where ponding was occurring and existing drywells needed work.  The remaining item is 

erosion in the northeast part of town, along the slope, south of Golden View Road to CP Rail lines.   

 

3.1.2 Major System 
 

Figure 2 shows the drainage basins contributing to the major drainage system and the general direction 

of flow.  The areas of town that are south of the Kicking Horse River all drain to the Columbia River, as 

well as the most northerly catchments that first drain to a wetland in the northeast corner of the Town 

and finally to the Columbia River.  The remaining catchments drain to the Kicking Horse River. 

 

Much of the Town of Golden is not currently serviced by underground storm sewers.  Generally, 

stormwater runoff flows along streets and in ditches, and sometimes collects in low areas.  In other 

areas, runoff flows across private property and down steep banks resulting in problems. 
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During a major storm event, nuisance flooding can occur in some areas and may be serious enough to 

cause property damage.  The areas of concern are parts of Golden where significant ponding can occur.  

They are:  

 

• 10th Street S and 9th Avenue S, 

• 13th Street S and 9th Avenue S, and  

• 8th Street S and 7th Avenue S. 

 

Problems related to erosion became apparent in June of 1998 in the northeast part of the Town of 

Golden.  Runoff from a major storm event eroded parts of the bank below the TransCanada Highway and 

flooded a garage located on Elkington’s property, adjacent to the CP Rail tracks.  Urban Systems was 

retained by the Town of Golden to address the drainage problems.  A memo detailing two options for 

improvement to control the surface runoff in this area was completed in July 1998. 

 

At Urban Systems’ request, Geo-Engineering Ltd. assessed the site and described the hillside as “eroded 

and potentially unstable”, and further stated, “the hillside cannot be restored and its long-term stability 

ensured without controlling the surface runoff” (Geo-Engineering, 1998). 

 

Copies of the NE Golden Drainage Improvements memo from Urban Systems and the geotechnical report 

from Geo-Engineering are included Appendix E. 

 

3.2 Future Conditions (10-15 years) 
 

Future development in Golden is outlined in the Comprehensive Community Development Plan (Urban 

Systems Ltd., 1998) and the Official Community Plan (Urban Systems Ltd., 1993).  Future expansion is 

most likely to occur to the northeast and southeast.  

 

Future residential development is planned: 

 

• north of Pine Drive and west of the Upper Donald Road (58 ha),  

• west of the eastern boundary of the town and north of the TransCanada Highway (10 ha), and 

• in the Mount Seven subdivision (25 ha). 

 

Future commercial development is proposed for: 

 

• the area east of Upper Donald Road (9 ha), expansion of the highway commercial area. 
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Future industrial development is proposed for: 

 

• the area east of Upper Donald Road (9 ha), near existing landfill site.   

 

Figure 6 shows the areas that will be developed.  Development in Area 1 has the potential to increase the 

runoff in Hospital Creek.  The steep slopes in the west and north of this area could potentially experience 

erosion problems if the land use of the area is changed.  Area 2 could potentially increase flow through 

the Elkington property.  Finally, development in Area 3 has the potential to increase flow toward the 

southwest and the Columbia River.   

 

Each new development area will require some form of stormwater management control, and options for 

this will be discussed in following sections. 

 

3.3 Computer Modelling Results 
 

As noted in Section 2, the existing drainage systems were assessed using the OTTHYMO computer 

model.  The systems were assessed under both existing and future development conditions.  Copies of 

the computer model input and output files are included in Appendix A. 

 

The results of the computer modelling exercise were used to establish the improvements that are 

required to deal with the peak flow rates and volumes of runoff that are anticipated to occur during the 

design storm events.  The recommended improvements are discussed in Section 4. 
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4.0 PROPOSED IMPROVEMENTS 
 

4.1 Priority 1 - Complete Promptly 
 

The problems identified on Figure 4 should be addressed as soon as possible.  The first twelve items 

were nuisance flooding, areas where ponding was occurring and some existing drywells needed work.  

The last concern was erosion in the northeast part of town, along the slope, south of Golden View Road 

to CP Rail lines.   

 

4.1.1 Nuisance Flooding 
 

Option 1 

 

The first solution is to install new or additional drywells to dispose of the stormwater to ground.  The soils 

in Golden provide good drainage and in most cases drywells are a feasible means by which to dispose of 

stormwater.  Drywells should be designed to accommodate the 10 year return period runoff.  

 

Table 1 shows the estimated cost of this solution is approximately $72,000.  This option is reasonable in 

terms of cost, but less reliable in terms of its performance.  Drywells will require regular maintenance, if 

they are to convey sufficient flows and prevent ponding.  The life span of drywells is highly dependent on 

the amount of maintenance done over the life of the drywell.  A geotechnical evaluation of the 

substratum should be completed to confirm the ability of the soil to accommodate the 10-year flow.  

Design criteria for drywells are presented in Appendix G. 

 

Option 2  

 

The second option is to install new pipe networks that will convey stormwater from the problem areas to 

an outfall.  A generalized storm sewer system is shown in Figure 5. 

 

There are three areas that would benefit from the construction of storm sewers.  The first is the trailer 

park at King Crescent.  In this case, an underground pipe system could be constructed with a discharge 

to the Kicking Horse River.  The concept plan shows that easements may be required to gain access to 

the river.   

 

The second area is Pine Drive.  In this case, the outlet will also be the Kicking Horse River, but the length 

of the trunk main is considerable and will require a crossing of both the highway and the railway. 
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The third area is the urban area west of downtown.  In this case, a network of storm sewers would 

connect the depressions in the urban area.  The system would discharge to the Columbia River.  The 

outlet would require a flap gate to prevent backflow during times when the river level is high. 

 

Table 1 
Drywell Option 

1 End of Riverglen Dr. and 6th St. S Ponding add drywell $4,000 
2 NE and NW corners of 6th Ave. S and 8th 

Ave. S 
Ponding add drywell 4,000 

3 Middle of 7th Ave, S between 8th St. S 
and 9th St. S 

Ponding add drywell 4,000 

4 Back lane between 9th and 10th St. S and 
7th and 8th Ave. S 

Ponding add drywell 4,000 

5 NE corner of 7th Ave. S and 13th St. S Ponding add drywell 4,000 
6 NW corner of 8th Ave. S and 13th St. S Ponding add drywell 4,000 
7 Between 8th Ave. S and 13th St. S Ponding add drywell 4,000 
8 Back lane east of 9th Ave. S between 10th 

and 11th St. S; drywell on 11th St. S 
between 9th and 10th Ave. S needs work 

Ponding and drywell 
problems 

refurbish / add drywell 4,000 

9 End of lane, N side of 11th St. S between 
10th Ave. and 12th St. S 

Drywell not working add drywell 4,000 

10 NE corner of 10th Ave. S and 12th Ave. S Ponding and drywell 
problems 

refurbish / add drywell 8,000 

11 Pine Drive, between Lots 33 and 9 Ponding add drywell 4,000 
12 King Crescent, between Lots 60 and 32, 

and 45 and 7 
Ponding add drywell 4,000 

  Geotechnical Engineering: 10,000 
  Contingency: 10,000 

 TOTAL: $72,000
 

The estimated cost for pipe systems is summarized in Table 2.  The estimate includes the cost of 

constructing the pipes and drywells, surface restoration, and engineering and contingencies, each at 

20%.  The estimates do not include the cost of land acquisition where this is required.  This option is 

much more expensive in terms of cost, but more reliable in terms of its performance.  In addition, it has 

the potential to remove more flow than a drywell solution. 
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Table 2 
Cost of Pipe Systems in Golden, BC 

Location Length of Pipe 
(m) 

Materials & 
Labour 

King Crescent 500 $151,000 
Pine Drive 1,475 444,000 
Urban Area, West of 10th Avenue S 2,425 730,000 
Subtotal:  $1,325,000 
Engineering:  250,000 
Contingency:  250,000 
TOTAL:  $1,825,000 

 

4.1.2 Erosion 
 

In order to resolve the erosion problems at the Elkington property, it is recommended that the 

improvements detailed in the NE Golden Drainage Improvements memo be designed and constructed.  

Currently, some uncontrolled overland flow still occurs over the Elkington property and is continuing to 

cause problems associated with erosion and flooding.  The earlier report recommended that flow should 

be conveyed along the top of the ridge and discharged to the Kicking Horse River, west of the Elkington 

property.  The estimated cost of the preferred option is $270,000. 

 

4.2 Priority 2 - Complete to Accommodate Future Development 
 

The Subdivision and Development Servicing Bylaw No. 922, 1993, Schedule F, details the regulations, 

standards and specifications for the design and installation of future drainage systems.   

 

The cost of stormwater systems associated with new development will be incurred by the developer, and 

any upgrades to the existing drainage systems, that are necessary as a result of development, will be 

paid for through development cost charges.   

 

Future development is planned for three areas:  

 

1. North of Pine Drive and west of the Upper Donald Road (58 ha), 

2. West of the eastern boundary of the town and north of the TransCanada Highway and east of Upper 

Donald Road, and 

3. In the Mount Seven subdivision (25 ha). 

 

Figure 6 shows generalized storm sewer layouts for each area. 





 
Master Drainage Plan 

 

Page 18 
0404.0009.01 / March 2000  
U:\Projects_CAL\0404\0009\01\R-Reports-Studies-Proposals\2005-09-13-Rep-MDP.doc  

Town of Golden 

Developers are required to install a local pipe system for each area in conjunction with other 

underground utilities and road work.  Increased runoff in Area 1 may increase flow in Catchment 19 and 

Catchment 27, to the wetland in the northwest.  The steep slopes in the west and north of this area 

could also have erosion problems.  The environmental sensitivity of the wetland and the potential for 

erosion are two concerns that should be addressed when designing a storm system for this area.  A 

minor system for this area could outfall to a stormwater pond and then the controlled flows could be 

discharged to the natural gully north of the development area. 

 

Area 2 could potentially increase flow through the Elkington property.  Erosion of the slope south of the 

TransCanada is the major concern for this area.  Area 2 could be routed to the Kicking Horse River 

through the system recommended for Pine Drive.  Again, the flows should be controlled through the use 

of a detention pond.  Regardless, the Pine Drive system would have to be oversized to accommodate 

additional flow from new development in this area.   

 

Development in Area 3 would increase flow toward the southwest, to the Columbia River.  Runoff from 

development in this area could be routed to Reflection Lake.  This area doesn’t affect existing 

development, but a stormwater management pond is recommended to control the quality and quantity of 

runoff. 

 

In addition, there are areas within the Town that are classified as either environmentally sensitive or 

hazardous.  The areas should be preserved and development in hazardous areas should be managed, as 

per Town of Golden Bylaw No. 910, 1993, Section 4.6. 

 

When development proceeds in these areas, the developers should be required to construct stormwater 

management facilities to control the peak rate of runoff and trunk storm sewers between the 

development and a suitable receiving water body.  Generalized schemes for these systems are shown on 

Figure 6.  The estimated capital cost of these systems is presented in Table 3. 

 

While doing upgrades to the existing roads and sewers in Golden, improvements to the minor and major 

drainage systems could be considered.  Curb and gutter and additional storm sewers might be installed in 

conjunction with other road and underground utility upgrades. 

 



 
Master Drainage Plan 

 

Page 19 
0404.0009.01 / March 2000  
U:\Projects_CAL\0404\0009\01\R-Reports-Studies-Proposals\2005-09-13-Rep-MDP.doc  

Town of Golden 

Table 3 
Future Development Costs for Drainage 

 Area (ha) Item Cost Total Cost 

Area 1 60 Trunk sewer $487,000 $537,000 
  Pond $50,000  
Area 2 35 Trunk sewer $354,000 404,000 
  Pond $50,000  
Area 3 25 Trunk sewer $118,000 168,000 
  Pond $50,000  
Subtotal:    $1,109,000 
Engineering:   220,000 
Contingency:   220,000 
TOTAL:    $1,549,000 
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5.0 CONCLUSIONS 
 

This report defined the minor and major drainage courses and contributing drainage basins.  The existing 

drainage system was modelled and areas where improvements are needed were identified.  Similarly, 

future development and its impact on the existing drainage system were analyzed and areas where 

improvements will be needed were identified. 

 

Figure 1 shows the drainage basins contributing to the minor drainage system and the directions of flow.  

There are two areas that are serviced by an underground storm system.  

 

• 10th Avenue North and 7th Street North, along Highway 95, drains to the Kicking Horse River via a lift 

station and force main 

• 10th Avenue South drains overland to ditches and eventually to the Columbia River.  

 

Because the existing storm sewer systems perform adequately, no major changes are necessary.  If 

additional flow is added to either system, the capacity of the pipes should be re-examined. 

 

Thirteen problem areas were identified by the Town and are shown in Figure 4.  The first twelve items 

were nuisance flooding; areas where ponding was occurring and existing drywells needed work.  The 

remaining item was erosion in the northeast part of town, along the slope, south of Golden View Road to 

CP Rail lines.   

 

Figure 2 shows the catchments for the major system.  The areas of concern associated with a major 

rainfall event are parts of Golden where ponding can occur in a catchment with a depth of more than 0.3 

metres and erosion: 

 

• 10th Street S and 9th Avenue S, 

• 13th Street and 9th Avenue S,  

• 8th Street S and 7th Avenue S, and  

• erosion in the northeast. 

 

Figure 6 shows the areas that will be developed in the future. 

 

• North of Pine Drive and west of the Upper Donald Road (Area 1), 

• West of the eastern boundary of the town and north of the TransCanada Highway (Area 2), and  

• In the Mount Seven subdivision (Area 3). 
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The steep slopes in the west and north of this area could experience more serious erosion problems if the 

hydrology of the area is changed, especially on the Elkington property.  Finally, development in Area 3 

flow would increase runoff toward the southwest, to the Columbia River.  
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6.0 RECOMMENDATIONS 
 

6.1 Priority 1 - Complete Promptly 
 

The problems identified by the Town of Golden should be addressed as soon as possible.  The first twelve 

items are nuisance flooding, areas where ponding was occurring and some existing drywells needed 

work.  

 

• The first solution is to install drywells to dispose of the stormwater.   

• The second solution is to install new pipe networks that will convey the stormwater from the 

problem areas to an outfall.   

 

The last concern is erosion in the northeast part of town, along the slope, south of Golden View Road to 

CP Rail lines.  It is recommended that the improvements detailed in the NE Golden Drainage 
Improvements memo be made.  Currently, some uncontrolled overland flow still occurs over the 

Elkington property.   

 

• Flow should be conveyed along the top of the ridge and discharged to the Kicking Horse River, west 

of the Elkington property.   

 

6.2 Priority 2 - Complete to Accommodate Future Development 
 

Some general recommendations can be made for future development.   

 

• The Subdivision and Development Servicing Bylaw No. 922, 1993, Schedule F, details the 

regulations, standards and specifications for the design and installation of future drainage systems.   

• The cost of new development will be incurred by the developer and any upgrades to the drainage 

systems, that are necessary as a result of development, will be paid for through development cost 

charges.   

• Developers should be required to install a pipe system for each area in conjunction with other 

underground utilities and road work. 

• When road maintenance and repair is done on existing areas of Golden, curb and gutter should be 

installed.  This will improve the performance of the minor and major system.   

• Installing pipe systems for stormwater in conjunction with road work and/or other underground 

utilities work would decrease the cost significantly.   
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• The environmental sensitivity of the wetland (Town of Golden Bylaw No. 910, 1993, Section 4.6) and 

the potential for erosion are two concerns that should be addressed when designing a storm system 

for future development.   

 

Table 4 lists the three main areas for future development, the drainage problems associated with each 

and a possible solution. 

 

Table 4 
Recommendations for Future Development in Golden, BC 

Location Drainage Problem Recommendation 

North of Pine Drive and 
West of the Upper Donald 
Road 

• Increase in runoff may 
increase flow to the wetland 
in the northwest.  

• Steep slopes in the west and 
north could have erosion 
problems. 

• Runoff could be routed to a 
pond and released under 
controlled conditions to a 
gully to the north. 

West of the eastern 
boundary of the town and 
north of the TransCanada 
Highway 

• Erosion of the slope south of 
the TransCanada is the major 
concern for this area.  

• Runoff could be routed to a 
pond and released under 
controlled conditions to the 
Kicking Horse. 

Mount Seven Subdivision • Flow will increase toward the 
southwest, to the Columbia 
River.  

• Runoff from development in 
this area could be routed to a 
pond and released under 
controlled conditions to 
Reflection Lake. 
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APPENDIX A 
 

Model Parameters 
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APPENDIX B 
 

CN Values for Different Soils and Land Uses 
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APPENDIX C 
 

Climate Data and Intensity-Duration-Frequency (IDF) 
 

Canadian Climate Normals:  1902 to 1990, 
Atmospheric Environmental Services (AES), 

Environment Canada 
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APPENDIX D 
 

Golden Minor Storm Event, Golden Major Storm Event, 
Rainfall Distribution Patterns for the Interior of BC 

 
Rainfall Distribution Patterns for the Interior of BC 
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APPENDIX E 
 

Geotechnical Report (Geo-Engineering Ltd., 1998) 
 

NE Golden Drainage Improvements (Urban Systems Ltd., 1998) 
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APPENDIX F 
 

Output from OTTHYMO 
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APPENDIX G 
 

Drywell Design 
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PCSWMM Model Data - Input & Output Files  

(Available upon request in a digital format) 

Appendix B: 


