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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 ru noff 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 manage ment 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: 

 

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

�x Definition of major drainage courses and contributing drainage basins; 

�x Modelling of the existing drainage system; 

�x Identification of improvements to corre ct existing drainage deficiencies; 

�x Evaluation of future development and its im pact on the existing drainage system;  

�x Identification of improvements to correct  future drainage deficiencies; and  

�x 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 conven ience 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 usua lly 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 ca tchments 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 defin e rainfall losses.  It refers  to rainfall that does 

not reach the ground because of interception by tree s 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 cons ists 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 ofte n 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 mi nor 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 di stribute 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 greate st 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, wi th no allowance for local depression storage or 

infiltration, assuming the ground is still frozen.  Base d 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 th e 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: 

 

�x The minor system under the effects of the 1 ho ur duration 10 year return period storm. 

�x 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 sy stem and the directions of flow.  

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

two areas that are serviced by an underground storm system: 

 

�x 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.   

�x 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, th e capacity of the pipes should be re-examined. 

 

Thirteen problem areas were brought to the attentio n 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 slop e, 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 Ki cking Horse River all drain to the Columbia River, as 

well as the most northerly catchments that first drai n 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. 

 
































































































































