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EXECUTIVE SUMMARY 

The Northwest Langley Industrial Catchment (NLIC) study area is in the northwest corner of the Township of Langley, 

adjacent to the Fraser River and bordering on the Port Kells region of Surrey. It primarily consists of industrial zoned 

land and is fully developed. This study has been completed using the ISMP process set forth by Metro Vancouver’s 

Greater Vancouver Sewerage and Drainage District.  

 

Environment 

We completed an assessment of existing environmental features and made recommendations to protect, restore, and 

enhance these features in Section 3. The environmental assessment included the identification of ecologically 

significant areas (i.e., watercourses, fish and fish habitat, wildlife and wildlife habitat/corridors, and species at risk 

habitat) and a water quality sampling program. Map 3-1 provides an overview of the environmental features and the 

water quality sampling locations in the study area. Environment features are generally sparse throughout the study 

area as a result of extensive development and industrial activity since the early 1900’s. The aquatic environment 

components in the study area include three detention ponds and three watercourses. The watercourse at the 

northwest corner of the catchment serves as the outlet to the Fraser River. Terrestrial components include riparian 

forest, wetland, young forest and shrub, agricultural, and industrial ecosystem classes. 

 

Hydraulic Analysis 

In Section 4, we analyzed the existing drainage system, overland flow routes, and floodplain within the study area. By 

constructing a PCSWMM model of the study area, we simulated the hydrology (rainfall-runoff response) and 

hydraulics of the drainage system. Prior to analysis, we calibrated the PSCWMM model using the flow monitoring data 

collected by SFE Global to verify the reliability of the modelling results. The overland flow routes were modelled using 

a “rain-on-grid” MIKE21-FM model based on the digital elevation model (DEM) developed from LiDAR data. This 

involved 2D modelling of overland flows without the piped network, to evaluate the connectivity of the overland flow 

routes and identify any areas where water may become trapped and cause flooding. We modelled the drainage system 

and overland flow under both historical (pre-2019) and future (2080-time horizon) rainfall scenarios.  

 

Additionally, we conducted high-level floodplain mapping to identify areas that may be impacted by Fraser River 

flooding in Section 5. The floodplain maps were developed using 2018 LiDAR and specified design flood elevations. 

 

Hydraulic and Water Quality Improvements 

Recommended infrastructure improvements within the study area are focused on ensuring drainage systems are 

functioning adequately under historical and future conditions, enhancing water quality and natural habitat areas, and 

mitigating flood risk from the Fraser River. Our recommendations are provided under two categories: hydraulic 

improvements and water quality improvements. Hydraulic improvements involve increasing the capacity of drainage 

pipe networks and overland flow routes to ensure runoff is safely conveyed to the Fraser River under future climate 

conditions. Water quality improvements apply stormwater best management practices (BMPs) to improve runoff 

water quality before discharge into natural ecosystems. We present a variety of treatment devices and green 

infrastructure as candidate BMPs for different contexts within the study area while the elimination of point source 

pollution is stressed to reduce the need for downstream water treatment intervention. 
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Our hydraulic improvement recommendations include 15 pipe upgrade projects totaling 3,500 m, with an estimated 

gross capital cost of $8.8 million (Table 6-1). Section 6 provides further details on hydraulic improvements. Section 7 

provides our water quality improvement recommendations, including manufactured treatment devices, green 

infrastructure, pond enhancements, and eliminating pollution sources.  

 

Policy Improvements 

In order to improve water quality, we recommend revisions to the Township’s Subdivision and Development Servicing 

Bylaw in Section 8. These policy and regulatory improvements should be implemented as soon as possible to help 

facilitate the water quality and hydraulic improvement projects. 

 

Implementation of Improvements 

In Section 9, we conducted an evaluation of all hydraulic and water quality improvement projects to identify projects 

that should be treated with highest priority. The evaluation considered the cost effectiveness, urgency, feasibility, and 

value to the Township for each project.  

 

Costs estimates are provided for pipe upgrades, detention pond upgrades, and BMP source control maintenance in 

Section 10.2. We recommend that all improvement projects be completed within a 20-year time frame in order to 

mitigate future risk; however, based on our priority evaluation, we recommend that some projects be completed 

sooner to mitigate present risk. Section 10.3 provides our recommendations for the timing of each project.  

 

Potential sources of funding for the recommended improvements include provincial sources such as the Infrastructure 

Planning Grant Program and federal sources such as the Green Municipal Fund, the EcoAction Community Funding 

Program, and the New Building Canada Plan. The Township can also encourage on-site stormwater improvements 

through approaches such as storm water utility fees and rebates for property owners that implement stormwater 

BMPs. Further details on funding strategy are detailed in Section 10.4. 

 

Monitoring and Assessment of ISMP Effectiveness 

The long-term success of the Northwest Langley Industrial Catchment ISMP is dependent upon the Township’s ability 

to implement the recommendations of this study. We have identified key metrics that should be monitored to track 

the condition of the watershed and identify areas of improvement as well as areas of degradation. This monitoring will 

identify where enhancement projects and upgrades have been successful and where additional mitigation is required. 

These metrics are primarily taken from the Metro Vancouver Monitoring and Adaptive Management Framework 

(AMF) and include water quality, spill reporting, and effective impervious area. We also recommend tracking the 

implementation of stormwater source controls to supplement the AMF recommendations. Details on our 

recommended monitoring plan are provided in Section 11.2. 
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GLOSSARY 

1D and 2D Modelling – 1D modelling only includes the movement of water in one dimension, making it an effective 

method for simplifying and modelling pipe networks. 2D modelling considers the movement of water in 2 dimensions, 

making it an effective method for simplifying and modelling the movement of water over the ground surface.  

 

Annual Exceedance Probability (AEP) – The probability of total rainfall from a storm being exceeded in any given year. 

Related to return period by the following expression: 

 

𝐴𝐸𝑃 =
1

𝑅𝑒𝑡𝑢𝑟𝑛 𝑃𝑒𝑟𝑖𝑜𝑑
 

 

For example:  

• 2-year return period storm has a 50% AEP. 

• 5-year return period storm has a 20% AEP.  

• 10-year return period storm has a 10% AEP.  

• 25-year return period storm has a 4% AEP.  

• 100-year return period storm has a 1% AEP. 

 

Best Management Practices (BMPs) – A broad term used to refer to practices that aim to minimize the impact of 

stormwater management. This encompasses approaches such as LIDs, source controls, and green infrastructure. 

 

Design Storm – A rainfall event used to support the design and evaluation of drainage infrastructure. A design storm 

will typically use a synthetic hyetograph (rainfall distribution) and a rainfall volume for a specific return period; 

however, it may also be based on a historical rainfall event of significance. 

 

Event Mean Concentration – Water quality parameter defined by the total pollutant load mass divided by the total 

runoff volume for a storm event.  

 

Existing Conditions – Existing conditions or existing storms refer to an estimate of present climate conditions based 

on all available historical data up to 2019.  

 

Green Infrastructure – Existing, artificially built, or enhanced features that provide ecological and stormwater 

management function. 

 

HGL (Hydraulic Grade Line) – Associated with pressure head, the profile of water flowing in an open channel. For 

pipes under pressure, HGL represents the level that water would rise to in a small vertical tube if it were connected to 

the top of the pipe under pressure.  

 

IDF (Intensity-Duration Frequency) Curves – Graphical representation of the relationship between rainfall intensity, 

rainfall duration, and return period for a specific region or location. 

 

Low Impact Developments (LIDs) – A BMP approach that includes a broad range of activities to minimize impact of 

stormwater management such as: high-level planning to avoid sensitive areas, to selection of land-use types that are 
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most appropriate for the landscape (topography, vegetation, soils), as well as selection of specific features (such as 

green infrastructure).  

 

Online/Offline Detention Pond – Online detention ponds are directly connected to a natural surface waterway. 

Offline detention ponds are not directly connected natural surface waterways, thereby not requiring all flow to pass 

through the pond before travelling downstream of the pond location.  

 

Overland Flow Route – Natural or designed surface routes for surface runoff to be conveyed through.  

 

Rain-on-Grid – The direct application of rainwater over the entire surface of the catchment being modelled. The 

surface is divided into grids to allow the software to perform incremental calculations of flooding and water 

conveyance. 

 

Return Period – The estimated time interval between occurrences of an event, deduced by taking the inverse of the 

AEP for a given event. For example, this does not imply that a 5-year return period storm event occurs once every 

5 years, but rather, the storm event has a 20% probability of occurring or being exceeded in any given year. See AEP 

definition for further clarity. 

 

Source Controls – A subset of BMPs including green infrastructure, treatment devices, or other facilities that are 

engineered to control runoff or improve water quality. 

 

Surcharge – Condition of a storm pipe that indicates inadequate conveyance. Surcharged pipes meet any of the 

following conditions: 

• Water depth at conduit center exceeds conduit height. 

• Upstream or downstream cross-sectional area exceeds conduit full area. 

• Maximum flow exceeds conduit full flow. 

• Conduit is capacity limited (HGL slope is greater than conduit slope).
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1 Introduction 

1.1 Project Overview 

The Township of Langley engaged Associated Engineering (AE) to develop an Integrated Stormwater Management 

Plan (ISMP) for the Northwest Langley Industrial Catchment (NLIC). The primary goal is to satisfy the ISMP process 

through analysis of existing and future drainage conditions and developing recommendations for proceeding with re-

development and densification while protecting and enhancing environmental capital.  

 

This ISMP was developed in four stages that were completed with involvement and feedback from the Township staff. 

This final ISMP is a product of the fourth and final stage of development. The three prior stages included: 

• Stage 1: Assessing What We Have 

• Stage 2: Planning for the Future 

• Stage 3: Implementation Plan 

 

This ISMP report includes abbreviated contents from each prior stage report, summarizing and highlighting the key 

information and incorporating feedback from the Township.   

 

This ISMP provides an important opportunity to identify deficiencies related to drainage system performance and 

water quality and to guide stormwater management for future redevelopment. It is also important that the impacts to 

the drainage system due to climate change be assessed and incorporated into plans for future infrastructure and 

stormwater management measures. The following areas were evaluated: 

• Functionality and adequacy of the minor system. 

• Availability and functionality of overland flow routes for major system drainage. 

• Functionality of the stormwater ponds in their current state. 

• Climate change impacts on drainage. 

• Potential susceptibility to flooding from the Fraser River. 

• Water quality throughout the study area. 

 

1.2 Goals and Objectives 

The NLIC ISMP is being implemented in accordance with requirements set forth in Metro Vancouver’s Integrated 

Liquid Waste Resource Management Plan (ILWRMP). The following items will be the primary focus of improvements 

within the study area: 

• Upgrading conveyance capacity of minor system for future conditions and to address existing deficiencies. 

• Improving overland flow routes for major system drainage. 

• Improving functionality of the existing stormwater ponds. 

• Enhancing natural habitat areas. 

• Providing options to improve water quality. 

 

The Official Community Plan (Township of Langley, 2013) objectives include increasing biodiversity and natural 

capital, promoting alternative stormwater management measures which replicate pre-development conditions, and 

minimizing the impact of development on downstream watercourses. Similar goals are set out in the Sustainability 

Charter (Township of Langley, 2008). 
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2 Study Area Overview 

The NLIC is in the northwest corner of the Township of Langley, adjacent to the Port Kells area of Surrey and includes 

portions of the Walnut Grove community. The study area is bounded by the Fraser River and Golden Ears Way in the 

north, by Highway 1 and 91a Avenue in the south and approaches 203rd Street in the east. Map 2-1 illustrates the site 

area and drainage conduits (the conduit line thicknesses are scaled relative to the pipe diameter). 

 

The entire study area is estimated to be 242 ha in size and generally slopes to the northwest. The watershed has a 

drainage system consisting of storm pipes, approximately 500 m of green-coded ditches, several culverts, and 2 

detention ponds. The drainage system discharges to the Fraser River through a small watercourse west of 197 Street 

and north of 98A Avenue in the northwest corner of the study area. The study area is underlain by the Nicomekl, 

Serpentine and Clayton Aquifers (Township of Langley, 2009).  

 

The NLIC is heavily developed, consisting of primarily industrial land with some commercial and residential 

developments. The Official Community Plan supports continuation of existing industrial activities and the 

intensification of industrial development. The Township’s Sustainability Charter expresses, among other objectives, 

that development will continue while increasing biodiversity and natural capital and being innovative in making green 

investments. 

 

Climate change will exert a significant influence on the intensity of rainfall as well as flood elevations on the Fraser 

River, with both expected to increase in the future. 

 

2.1 Regulatory Overview 

The stormwater management framework for the Township of Langley is governed by the Subdivision and 

Development Servicing Bylaw (No. 5382, 2019), as well as master drainage plans, neighbourhood servicing plans, and 

stormwater management plans. For the study area, these plans include the Northwest Langley Industrial Area Master 

Drainage Plan (January 1995), Northwest Langley Industrial Area Master Drainage Plan – Model Update for the 

Southeast Quadrant (February 1998), and the Golden Ears Bridge Stormwater Management Plan (June 2007). The 

NLIC ISMP will form a part of the stormwater management policy framework.  

 

The following are existing stormwater management policies applicable to the study area. The primary regulatory 

framework for the study area is defined by Development Servicing Bylaw No. 5382 (2019). This bylaw includes but is 

not limited to the following: 

• The study area is designated as an urban area for development servicing purposes. The study area should be 

serviced by a piped storm drainage system and infiltration facilities (where feasible). Ditches are not acceptable for 

permanent servicing (the ditches in the study area predate the current bylaws). Swales may be used as infiltration 

facilities, as well as a part of the major system. 

• The minor system, which includes pipes; ditches, culverts, channels, infiltration systems, and flow control facilities, 

is expected to convey the 5-year return period storm.  

• The major system, which includes flood paths, ditches, roadways, pipes, watercourses and flow control facilities, is 

expected to convey the 100-year return period storm. The major system is to be designed, above all, to protect 

public safety and prevent property damage. Major drainage paths should use established rights-of-way. 

Additionally, where major flows can not be conveyed overland safely, then the piped system must be designed to 

convey major flows. 
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• The minimum building elevations shall be a minimum of 600 mm above the storm service connection invert or a 

minimum of 350 mm above the 100-year hydraulic grade line (HGL), whichever is greater. Surcharging at major 

flow inlets is permitted provided headwater elevation meets these requirements.  

• Stormwater facilities shall limit the 2-year, 5-year, and 100-year post-development peak flows to the 

corresponding pre-development peak flows. This is applied using the 2019 IDF rainfall intensity (development 

bylaw No. 5382) for the pre-development flows and the 2100 IDF rainfall intensity for the post-development 

flows.  

• Bioretention or dry swales with underdrain systems or an equivalent shall be provided to treat runoff from all 

uncovered (non-porous) parking areas for ten (10) or more vehicles. 

• There are requirements for on-site infiltration facilities in residential zones. Where these are placed on private 

property a covenant is required.  

• Infiltration facilities in other zones shall be designed so that post-development infiltration, during a 24-hour 

25 mm storm, is equivalent to pre-development (assumed no impervious coverage) infiltration. Design of 

infiltration facilities, where the supplementary detail drawings are not applicable, shall be designed according to 

the Metro Vancouver Stormwater Source Control Design Guidelines 2012. If high-groundwater prevents 

infiltration, an owner may apply for an exception to the infiltration requirements. 

• Roof drainage should generally be discharged to the ground at downspouts and dispersed via splash pads toward 

the street. 

• Municipal employees may enter properties at any time to inspect storm infrastructure. 

• Water quality control plans may be required as part of lot grading plans. 

 

The following are additional regulations and recommendations that are applicable within the study area: 

• The 1995 Master Drainage Plan recommended improvements to overland flow paths, as well as increased on-site 

storage infrastructure for new development and re-development.  

• The 1995 plan recommended minimum building elevations for several sites, typically 0.3 m above the high-water 

levels. It also specified that the properties south of 96th Avenue and east of 200th Street should limit their off-site 

runoff rates to 0.033 m3/ha/s during a 5-year return period storm. 

• The 1998 Master Drainage Plan Model Update recommended additional on-site storage in the section of the 

study area south of 96th Avenue and east of 200th Street. 

• Grease, oil, and sand interceptors may be required in accordance with the Township of Langley Sewer Works 

Regulation Bylaw 2018 No. 5376. However, this bylaw does not set out clear requirements for their application. 

• The 2007 Golden Ears Bridge Stormwater Management Plan provided the stormwater management design for the 

Southern Connector to the bridge and 200th Street. This included analysis of the stormwater pond adjacent to 

199A Street south of Golden Ears Way and a then-proposed pond expansion. 

• The Township of Langley Water Management Plan recommendation 2b states that new developments and 

subdivisions should maintain pre-development infiltration rates using low impact development practices 

(Township of Langley, 2009).  

• The Township’s current bylaws include sidewalks and cycling or multi-use paths within road cross-sections. The 

implementation of stormwater management facilities within road right-of-ways will have to consider these 

requirements. 

  

2.2 Existing Drainage 

An overview of the study area drainage system highlighting key infrastructure is presented in Map 2-2. The drainage 

system discharges to the Fraser River through Watercourse 1. The flow split (bifurcation) near the intersection of 96th 

Avenue and 200th Street splits the flow between east and west branches of the system. It is an important component 
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affecting the functionality of the drainage system. These branches rejoin close to the outfall. The line thickness of the 

pipes on the map is scaled relative to the diameter of the pipes (based on the GIS data).  

 

Much of the study area was developed when the minor system design standard was to convey flows from a 25-year 

return period and there was no requirement for major overland flow routes. The 1998 Master Drainage Plan Model 

Update indicates that some storm drainage trunks in the section of pipes from the intersection of 96th Avenue and 

201st Street to the intersection of 202nd Street and 92A avenue were sized to accommodate the then estimated  

100-year return period flows. The extra capacity of these trunks is to compensate for a lack of major overland flow 

routes and to ensure connectivity of major flows to downstream areas. 

 

2.3 Climate Change Analysis 

To obtain a reasonable estimate of climate change impact on future rainfall intensities we reviewed several available 

assessments undertaken in the region. The sources considered were:  

• The Township of Langley’s Bylaw IDF updates (ToL, 2011; ToL, 2019). 

• Metro Vancouver’s Study of the Impacts of Climate Change on Precipitation and Stormwater Management (GHD, 

2018). 

• The City of Surrey’s Development of Future IDF Statistics for the City of Surrey (Dillon Consulting, 2015). 

• and values obtained from the University of Western Ontario’s Computerized Tool for the Development of 

Intensity-Duration Frequency Curves under Climate Change – Version 4.0. 

 

The resulting increases in rainfall intensity derived from our analysis are presented in Table 2-1. These values were 

applied to the Township of Langley’s current IDF values (ToL, 2019) to estimate rainfall volumes for future design 

storms. These values indicate recommended estimated increases in rainfall volumes by approximately 2080. Additional 

detail on the climate analysis is included in Appendix C. 

Table 2-1 
Recommended Climate Change Values 

Return Period 
Percent Increase from 

2019 IDF 

5-year 55% 

25-year 59% 

100-year 61% 
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3 Environmental Features 

We conducted an assessment of aquatic and terrestrial habitat features within the study area to evaluate existing 

environmental values. This enabled us to make recommendations to protect, restore, and enhance these features to 

help guide stormwater management in a manner that supports overall watershed health. This includes the 

identification of ecologically significant areas (i.e. watercourses, fish and fish habitat, wildlife and wildlife 

habitat/corridors, and species at risk habitat) and baseline water quality monitoring.  

 

Environmental features are generally sparse throughout the study area as a result of intensive development and 

industrial activity extending back to the early 1900’s. An overview of the environmental features assessed can be seen 

in Map 3-1. The identifiable aquatic environment components include 3 watercourses, 3 detention ponds, and the 

Fraser River. Terrestrial components include riparian forest; wetland; young forest and shrub; agricultural; and 

industrial ecosystem classes. Photos taken during our field assessments are included in Appendix A. 

A water quality monitoring program was implemented according to the methodology outlined in Metro Vancouver’s 

Monitoring and Adaptive Management Framework for Stormwater (the AMF) (Metro Vancouver 2014). In accordance 

with the AMF, sampling occurred during two seasons: the dry season (i.e., July and August) and the wet season (i.e., 

November and December) at three sites as indicated on Map 3-1. During each seasonal monitoring period, samples 

were collected five times over a 30-day period; yielding 10 sampling events in total. Water samples taken from 

watercourses 1 and 3 exceeded several parameters for the protection of freshwater aquatic life, including parameters 

such as temperature, pH, total iron, total cadmium, total copper, total lead, total zinc, and fecal bacteria. Water quality 

samples for Pond 11 taken from the piped stormwater system also exceeded a number of applicable water quality 

criteria including temperature, pH, dissolved oxygen (DO), total iron, total cadmium, total copper, total lead, total zinc 

and fecal bacteria. A full summary of water quality monitoring results completed for this ISMP can be found in 

Appendix B.  

 

Detailed information on the environmental features assessed can be found in Appendix F. The following section 

provides environmental enhancement opportunities as identified from our field assessments and water quality 

monitoring results.  
 

3.1 Environmental Enhancement Opportunities 

During the review of existing information, several potential opportunities to enhance and restore the environmental 

conditions in the study area were identified. These recommendations should be considered during future 

developments or redevelopments in the NLIC. A general overview of enhancement opportunities includes:  

• Improving aquatic habitat in Watercourse 1 by identifying the current source of contamination which is 

contributing to poor water quality in order to provide habitat and nutrients for aquatic and semi-aquatic wildlife. 

• Maintaining ditch, watercourse, and intertidal habitat functionality (i.e. maintaining or improving: flow; water 

levels; connectivity; riparian and intertidal vegetation). 

• Implementing best management practices including:  

• Standards and Best Practices for Instream Works (WLAP 2004). 

• Land Development Guidelines for the Protection of Aquatic Habitat (DFO 1993). 

• Develop with Care 2014: Environmental Guidelines for Urban and Rural Land Development in British 

Columbia (MOE 2014). 

• Maintaining and enhancing the structure and diversity of remaining treed and shrubby ecosystems by: 

• Re-vegetating around newly-built areas with vegetation that reduces surface runoff and improves rainwater 

retention. This can be integrated with some of the low impact development strategies discussed in Section 7 

and Appendix E. 
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• Decreasing impermeable surfaces where possible and finding opportunities to restore natural infiltration. 

• Using native plants with a multi-storey approach to vegetation community design. 

• Incorporating invasive species management (e.g., invasive species removal and revegetation), where possible. 

• Restoring riparian areas by: 

• Maintaining or re-establishing streamside setbacks in accordance with Section 2 of the Township’s OCP and 

improving riparian vegetation structure, where possible, particularly in Watercourse 1. 

• Improving structural stand complexity by planting species that will mature into multi-storey communities. 

• Erecting permanent protective fencing to prevent encroachment into riparian areas. 

• Finding opportunities to enhance historic corridors, thus improving biodiversity. 

• Identifying, documenting, removing, and controlling invasive vegetation. 

• Planning and developing landscaping features as part of a sustainable ecological system by: 

• In new built-environments, directing surface water flow to natural environments such as wetlands, green 

space corridors, or multi-storey forested habitat. 

• Constructing “catchment” ecosystems that will reduce runoff and retain rainwater and improve capacity for 

biodiversity. 

• Maintaining the health and vigour of existing vegetation and considering the occurrence or potential for 

spread of invasive plant species. 

• Managing topsoil to preserve existing topsoil condition to support vegetation and maintain rainwater 

infiltration. 

• Incorporating permeable surfaces (e.g., pathways) and planting vegetation to promote structural complexity 

and accommodate surface runoff. 
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4 Hydraulic Analysis  

We analyzed the existing drainage system and overland flow routes within the study area. We constructed a 1D 

PCSWMM model to simulate the hydrology (rainfall-runoff response) and hydraulics of the drainage system. Prior to 

analysis, we calibrated the PSCWMM model using the flow monitoring data collected by SFE Global to improve the 

reliability of the modelling results. Some pipes as small as 300 mm diameter are modelled where they provide critical 

linkages; however, pipes smaller than 600 mm diameter are generally excluded from the model.  

 

The overland flow routes are modelled using a “rain-on-grid” MIKE21-FM model based on the DEM developed from 

the LiDAR data. This involves 2D modelling of overland flows, without the piped network, to evaluate the connectivity 

of the overland flow routes and identify any areas where water may become trapped and cause flooding. For further 

details on the development of the model and the results, refer to Appendix C. We modelled the drainage system and 

overland flow under both existing and future (2080-time horizon) rainfall scenarios. Further information on future 

rainfall scenarios can be found in Appendix C.  

 

4.1 Existing Condition Results 

4.1.1 Drainage System 

The results of the existing condition model simulations are shown in Maps 4-1, 4-2, and 4-3. The maps show manholes 

where surface flooding will occur (HGL above rim elevation) as well as where conduits are “capacity limited”. The 

model used in our evaluation (PCSWMM) reports conduits as capacity limited if the upstream end is surcharged and 

the HGL slope is greater than the conduit slope. The HGL slope through a pipe being greater than the pipe gradient 

generally indicates the pipe is hydraulically deficient (restricting flow). The results are further sorted to show conduits 

that are capacity limited for 15 minutes or more, which would indicate pipes that are clearly undersized for the given 

return period.  

 

The Township of Langley Bylaws currently requires that the minor storm drainage system have the capacity to convey 

the runoff from a 5-year return period storm (ToL, 2019). Much of the system was originally designed for a historical 

25-year return period storm (I.D. Group, 1995). Additionally, a portion of the system was upgraded to convey runoff 

from a 1-hour duration 100-year return period storm (Reid Crowther & Partners Ltd., 1998). Conveying the 100-year 

return period storm in the piped system is a Township requirement where there are no available overland flow routes. 

 

Existing 5-Year Return Period Storm 

The results of this scenario are shown in Map 4-1. The drainage system is able to convey the existing (i.e. historical 

climate to 2019) 5-year return period storm runoff without any flooding to surface; however, the conveyance capacity 

(in that the HGL is above the crown of the pipe) is exceeded in some locations.  

 

Existing 25-Year Return Period Storm 

The results of this scenario are shown in Map 4-2. Under this scenario, the model shows flooding at some locations. 

The modelled flooding of the short pipe segment discharging downstream of the main outfall may be overly 

conservative. Flow from most of the Fraser River foreshore (within the study area) is routed to this outfall; however, 

some runoff may flow directly to the Fraser River. 

 

Existing 100-Year Return Period Storm 

The results of this scenario are shown in Map 4-3. This scenario results in widespread surcharging and flooding. The 

storm pipes along Golden Ears Way are capacity limited; however, the model does not indicate that they will produce 

surface flooding. Overall, the flooding and surcharging shown does not necessarily indicate a deficiency in the study 
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area drainage system. The minor system outside of the southeast quadrant, which does not flood, is not required to 

convey 100-year return period flows. The major system is discussed in Section 4.1.2.  

 

4.1.2 Overland Flow 

The overland flow results under historical climate conditions were produced by employing a modified (adjusted to 

account for piped system conveyance) rain-on-grid model in MIKE-21 software. The composite hyetograph was 

created by taking the existing condition (2019), 24-hour, 100-year all duration storm hyetograph and subtracting the 

existing condition, 24-hour, 10-year all duration storm hyetograph. The existing condition 10-year return period storm 

was subtracted to approximate the ability of the minor system to convey storm flows. This leaves a remaining rainfall 

depth of 44 mm contributing to flooding.  

 

The resulting flooding is shown in Map 4-4. Analysis of the results are confined to the study area. Additionally,  

Figure 4-2 shows an output from the MIKE-21 model in which the black lines represent overland flow paths.  

 

Figure 4-1 
MIKE-21 Modelled Overland Flow Paths 
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The mapped results indicate surface flow and flooding, with maximum flooding depths in the range of 1 m to 1.5 m, 

generally falling into three categories: 

• Flooding of low-lying areas of private facilities, typically in parking areas. 

• Overland flow trapped against the CN railway corridor parallel to Golden Ears Way (the overland flow model does 

not incorporate any cross-drainage under the railway embankment). 

• Flooding of residential roads in the southeast quadrant of the study area where overland flow paths are not 

continuous and trapping lows exist. 

 

The flooding in the southeast quadrant is likely to be overestimated by this scenario. Map 4-3 indicates that the minor 

system in this area can convey the existing 100-year return period storm without flooding to the surface. Therefore, 

provided there is adequate inlet capacity to direct runoff into the storm sewers (this was not evaluated), ponding 

depths in this area should be minimal.  

 

4.2 Future Climate Condition Results 

The future climatic conditions model runs (see Appendix C) were completed using the same models as the existing 

conditions runs, with design storms updated to reflect future climatic conditions (see Section 2.3). Other model sub-

catchment parameters were not updated because the study area is already fully developed.  

 

4.2.1 Drainage System 

Future 5-Year Return Period Storm 

The results of this scenario are shown in Map 4-5. This scenario, the future 5-year return period storm, should provide 

the minor system design targets for this planning assessment. Under the future (2080) design storm, the system shows 

surcharging and flooding. The 2080 5-year return period design storm has a greater rainfall volume than the existing 

25-year return period storm.  

 

Future 25-Year Return Period Storm 

The results of this scenario are shown in Map 4-6. Under the future (2080) design storm, the drainage system is 

almost entirely flooded. Almost all junctions (manholes) show flooding above the surface including in the higher 

capacity southeast section of the study area that contains primarily residential properties. Most conduits are capacity 

limited for more than 15 minutes. The future 25-year return period design storm has a greater rainfall volume than the 

existing 100-year return period design storm.  

 

Future 100-Year Return Period Storm 

The results of this scenario are shown in Map 4-7. This was the most extreme rainfall scenario modelled and it shows 

surface flooding at 118 out of 124 modelled junctions. All conduits but the outlet pipe and pipe immediately upstream 

of it are capacity limited. This flooding does not necessarily indicate a deficiency in the drainage system, as the minor 

system is not required to convey 100-year return period flows. The future major system results are discussed in 

Section 4.2.2. 

 

4.2.2 Overland Flow 

The future conditions overland flow results were produced by employing a composite hyetograph representing future 

climatic conditions in the rain-on-grid model. The composite hyetograph was created by taking the future condition 

(2080), 24-hour, 100-year all duration storm hyetograph and subtracting the existing condition, 24-hour, 10-year all 

duration storm hyetograph (to account for the minor system). This leaves a rainfall volume of 129 mm contributing to 

the modelled flooding. The resulting flooding is shown in Map 4-8. 
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The flooding falls into the same three general categories as discussed in Section 4.2.1: flooding of low-lying properties, 

flooding of roads in the southeast quadrant, and overland flow trapped against the CN railway corridor. In this 

scenario, there is significantly increased flooding extents and severity in all cases, and maximum flood depths now 

exceed 2 m in the worst areas.  

 

The most severe flooding in this case, and the largest change from the existing condition result (Map 4-4) is in the 

flooding along Golden Ears Way. The rain-on-grid model did not include any culverts under the railway embankment 

as the available drawings provided did not indicate any functional culverts. If there are culverts, or seepage occurs 

through the railway embankment then the severity of flooding may be marginally reduced. 

 

In the southeast quadrant, flooding would be expected under this scenario although the inundation depths may be 

slightly lower than what is shown in Map 4-8.  

 

4.3 Summary of Drainage System Performance 

The existing drainage system performs adequately under current conditions. Map 4-1 shows no flooding to surface of 

the minor system during the current (2019) 5-year return period storm although some pipes are indicated as capacity 

limited. Map 4-3 indicates that the oversized storm pipes in the southeast quadrant are adequately sized to convey 

the existing 100-year return period flows out of the southeast before flooding to the surface at the intersection of 

96th Avenue and 201st Street. The most immediate risk may be flooding to low-lying private properties as seen in 

Map 4-4. 

 

Climate change (see Section 2.3) is likely to significantly increase future rainfall intensities. The minor system will 

require upsizing in many areas to be able to convey the future (2080) 5-year return period storm without flooding to 

the surface. To avoid all surcharging, even more extensive upgrades will be required. The flooding during the 100-year 

return period storm is much more severe under climate change conditions (see Section 4.2.2). There is extensive 

flooding between the rail corridor parallel to Golden Ears Way and 98th Avenue (see Map 4-8). Section 6 discusses 

improvements required to upgrade the drainage system for future climatic conditions. 

 

Model outputs related to the detention ponds are presented in Appendix C. The results indicated that the ponds 

storage is being heavily utilized meaning the ponds are functioning as intended. The pond storage is fully utilized 

during the existing 100-year storm, future 25-year storm, and future 100-year storm. 



Township of Langley 
  
 

 5-1 \\
ae

.c
a
\d

at
a
\p

ro
je

ct
s \

va
n

\2
0

1
8

2
3

6
4

\0
0

_N
L

IC
_I

S
M

P
\E

n
g

in
e

e
ri

n
g

\0
3

.0
2

_C
o

n
ce

p
tu

a
l_

F
e

as
ib

ili
ty

_M
as

te
r_

P
la

n
_R

e
p

o
rt

\S
ta

g
e

 4
 -

 F
in

a
l I

S
M

P
\F

in
a
l_

re
v

is
e

d
\r

p
t_

n
lic

_i
sm

p
_f

in
a
l_

re
v

is
e

d
_2

0
2

2
0

5
0

3
_n

f_
k
e

.d
o

cx
 

5 Floodplain Mapping 

A digital elevation model (DEM) with 0.5 m x 0.5 m grid spacing was developed from the 2018 LiDAR LAS file 

provided by the Township. We determined the extent of the Fraser River floodplain using the current and future 

design flood levels specified by the Township. The extent of the flood elevation analysis is limited by the boundary of 

the LiDAR we were provided. River and/or flood modelling and evaluation of flood protection measures were not 

conducted as a part of this study.  

 

The DEM was a bare earth model (not including buildings as obstructions), although building outlines are overlaid on 

the floodplain maps. We note that the LiDAR reference datum is the Canadian Geodetic Vertical Datum of 1928 

(CGVD28) and the Fraser River flood elevation used (described as geodetic) was assumed to be relative to the same 

datum. 

 

Map 5-1 shows flooding depths based on the current Fraser River design flood water surface elevation of 6.43 m. We 

note that the bare earth LiDAR does not include the Golden Ears Bridge on ramps as extrusions. Within the study area, 

Golden Ears Way, based on Google Earth elevations, lies above the 6.43 m flood elevation.  

 

Map 5-2 shows flooding depths based on a future Fraser River design level of 7.35 m at the border with Surrey. This is 

based upon a 500-year (0.2% annual exceedance probability) flood event occurring under a moderate future (circa 

2100) climate change scenario with 1 m of sea level rise as per the Fraser Basin Council’s Lower Mainland Flood 

Management Strategy (2016).  

 

The study area does not have any foreshore flood protection works. An existing dyke terminates immediately to the 

east of the study area. Our analysis did not examine the potential for river flooding circumventing flood protection 

works by propagating through the drainage network. Any potential for such flooding could be prevented by the 

installation of flap gates on drainage system outlets. 
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6 Hydraulic Improvements 

This section discusses options for increasing the capacity of the drainage system to safely convey runoff to the Fraser 

River and reduce rainfall-related flood risk throughout the study area. Water quality improvements are discussed in 

Section 7. The improvements discussed in Section 6.1.1 were the primary focus of the minor system modelling 

analysis and include Class C cost estimates.  

 

6.1 Drainage System Improvement Options 

The following sections provide an overview of recommended drainage system improvements focusing on pipe system 

improvements and storage improvements. Improvements are recommended based on their ability to convey the 

future 5-year return period storm without flooding or pipe surcharging. However, the southeast quadrant of the study 

area may require a more detailed analysis to determine appropriate upgrades, as the pipe system was previously 

designed to convey 100-year return period flows to compensate for a lack of overland flow routes. The southeast 

quadrant is discussed further in Section 6.2.  

 

6.1.1 Piped System Improvements 

We identified all the modelled pipe segments in the minor system that would have to be upgraded in order to prevent 

surcharging during the future (2080) 5-year, 24-hour all duration design storm. These are displayed in Map 6-1. The 

projects are not listed by priority as the prioritization of the various improvement projects is discussed in Section 9. 

The following sections provide a description and Class C cost estimate summary of the projects shown in Map 6-1. 

The Class C cost estimates are summarized in Section 10.2 and are included in Appendix D. They are based on prices 

estimated in early 2021. 

 

The proposed pipe upgrades were checked with both spreadsheet calculations and using the PCSWMM model. 

Maximum flows for pipe sizing were generated from running the design storm through a PCSWMM model with 

upsized pipes to allow for unrestricted flows (no attenuation). This may result in different design flows than would 

result from calculating individual times of concentration and resulting rainfall intensities for each pipe segment. 

 

The recommendations and cost estimates do not include analysis of smaller pipes upstream of the modelled trunks. 

With implementation of the recommended improvements the trunk sewers should not adversely backwater the 

upstream pipes; however, the upstream pipes may also need to be upsized to provide adequate conveyance capacity.  

Table 6-1 summarizes the piped system improvement projects.  
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Table 6-1 
Piped System Improvement Projects 

Project 
Number 

Location 
Diameter of 
Pipe (mm) 

Length of Pipe 
(m) 

Cost 

1 198 Street from 9313 92A Avenue to 96 Avenue 900 to 1050 550 $880,000 

2 
96 Avenue from 198 Street to the west edge of 
the municipal boundary (north-south rail corridor) 

1050 to 1350 410 $890,000 

3 
Ditch system along north-south rail corridor 
between 96 Avenue and 94 Avenue 

750 to 1050 110 $170,000 

4 Intersection of 196A Street and 92A Avenue 1050 to 1200 280 $500,000 

5 20075 96 Avenue to 20011 96 Avenue 1200 120 $240,000 

6 Near 9835 199A Street 675 50 $50,000 

7 
Telegraph Trail west of 197B Street and along 
New Telegraph Trail 

1500 290 $810,000 

8 
Golden Ears Way from 9844 199A Street to the 
west edge of municipal boundary 

1650 to 2100 880 $3,220,000 

9 
Near Pond 11, in the alleyway between 199A 
Street and 201 Street from 9770 199A Street to 
9844 199A Street 

1350 300 $720,000 

10 201 Street near 20140 98 Avenue 600 20 $20,000 

11 
Private property between 19661 96 Avenue and 
Telegraph Trail and onto Telegraph Trail 

1500 340 $950,000 

12 
Intersection of 101 Avenue and 197 Street to the 
Fraser River outfall channel at the west edge of 
municipal boundary 

1050 160 $280,000 

Notes: 

* Before proceeding with Minor System Project 1, the assumed catchment delineations shown in Appendix C, Map C-4 should be 

confirmed. If areas assumed to be draining to the 198th Street trunk are draining elsewhere, the need for these upgrades may be 

reduced or transferred elsewhere. 

 

6.1.2 Storage Improvements 

The addition of detention storage could reduce peak flows and HGLs in the piped storm system and potentially reduce 

the extent of future capacity upgrades or make the system more resilient. We used PCSWMM to calculate 

approximate storage volumes required for multiple combined catchment areas in order to limit peak flow during the 

future 5-year, 24-hour, all duration design storm to the full flow capacity of the existing storm sewers.  

 

The estimated storage requirements to limit peak flow within different sections of the drainage system are shown on 

Map 6-2. These are the total storage volumes required over the entire areas shown in order to maintain an 

appropriate level of service downstream without upsizing pipes. The storage requirement for Area 3 assumes the 

implementation of storage Areas 1 and 2; the storage required for that area would otherwise be approximately 

5400 m3. The total storage required for the catchment area upstream of Golden Ears Way to prevent surcharging of 

the storm sewer is approximately 27,000 m3. A combination of pipe upgrades and storage could also be considered 

with knowledge of how much storage could actually be implemented and maintained.  
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The feasibility of adding storage without adjusting existing storm sewer grades was not evaluated. This would have to 

be evaluated on a site-by-site basis. The storage areas are designated in Map 6-2. Table 6-2 presents the required 

storage volumes.  

Table 6-2 
On-Site Storage Requirements to Manage Future Flows in Absence of Pipe Upgrades 

Area Name Catchment Area (ha) Total Storage Required (m3) 
Per Area Storage Required 

(m3/ha) 

Area 1 31.0 2555 82 

Area 2 35.1 1660 47 

Area 3 25.3 1217 48 

Area 4 20.0 2691 135 

Area 5 8.4 433 52 

 

Detention storage to relieve surcharged sewers could be added via on-site distributed (underground) storage or large 

centralized storage ponds. The established development condition of the study area may necessitate the application 

underground storage to achieve the necessary volumes required to attenuate peak flows. It is unlikely that land within 

the study area will become available to construct new ponds; however, existing ponds may be able to be expanded. 

The existence of any current underground storage units is unknown.  

 

6.1.2.1 On-Site Storage 

On-site storage would have to be mandated by the Township as a requirement of redevelopment. Such a requirement 

may be imposed through limiting release rates off-site to the drainage system. Target release rates for individual 

storage devices were not evaluated as a part of this ISMP; however, recommendations on unit area release rates are 

provided in Section 8. Future development under the Township of Langley Official Community Plan (ToL, 2016b) is 

expected to maintain high impervious cover and land utilization in industrial zoned areas. As a result, large scale 

surface detention and treatment systems may not be viable. This section discusses alternative storage options which 

could be implemented on private sites to reduce the burden on the piped storm system.   

 

Storage can be provided by underground systems such as cisterns (Figure 6-1). In industrial, commercial, and high-

density residential areas, detention storage can be provided as tanks located under parking or working areas and in 

urban residential areas within lawns or under driveways, preferably at the low point of each site. For industrial 

facilities, on roof storage of rainfall volumes could make use of the large available roof area and reduce the need for 

other detention storage approaches. 

 

Storage systems can be designed to provide both peak flow attenuation and volume reduction functions. To provide 

attenuation, storage units should be sized and configured with sufficient volume to detain a significant portion of the 

runoff for an extended period of time. They would require a flow control feature at the outlet to limit release rates.  
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Figure 6-1 
Underground Pre-Cast Concrete Cistern1 

 

Runoff volume reduction in underground storage can be achieved through water reuse or infiltration. In applications 

where rainwater is harvested for use in industrial or commercial properties, runoff volumes reductions of up to 40%-

45% have been observed (CVC and TRCA, 2010). Infiltration devices allow rainwater to be slowly released to better 

mimic the slow percolation and concentration rates of the organic surficial soils and vegetation that would be present 

under natural conditions. Such devices help reduce demand on the stormwater network. These units would require a 

bypass system, either external to the unit or as an internal overflow, to ensure large design storms exceeding the unit 

capacity can be safely conveyed to the downstream system.  

 

Infiltration should only be used on sites that do not generate highly contaminated runoff or where runoff is treated 

prior to entering the storage unit. Figure 6-2 and Figure 6-3 provide examples of manufactured products that can be 

placed underground to detain and promote the infiltration of rainwater. The infiltration system’s effectiveness is 

dependant on the infiltration capabilities of the underlying soils and the natural groundwater table.  

 

 
1 CVC and TRCA, 2010. 
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Figure 6-2 
Stormtech Infiltration Chamber2 

 
Figure 6-3 

Contech CON/SPAN Detention & Infiltration Chamber3 

 

The general applicability of underground storage systems within the study area is summarized in Table 6-3. 

Table 6-3 
Underground Storage Summary (CVC and TRCA, 2010) 

Underground Storage 

On-Site 
Implementation 
Applicable 

ROW 
Implementation 
Applicable 

Can be Sited Near 
Pollution Hotspot 

Recommended 
Impervious/Pervious 
Ratio 

Yes Varies Yes N/A 

 

6.1.2.2 Detention Pond Expansion 

Another option is adding additional capacity to existing stormwater detention ponds. There are 3 storm water 

detention ponds located in the study area (ToL GIS IDs 11 and 18; 11 consists of two ponds). According to record 

drawings, these ponds provide 10,245 m3 in storage. The ponds provide offline storage with the main connections 

only discharging to the pond when water in the storm sewers reaches a certain elevation. Stormwater Pond 11 was 

upgraded during the Golden Ears Way Bridge construction. Land constraints limit further potential expansion  

(Map 3-1). 

 

It may be possible to expand Pond 18 to the south to provide additional storage volume. Pond 18 is situated south of 

96th Avenue along the rail corridor at the western edge of the municipal boundary. There appears to be significant 

expansion room to the south based on aerial photos and record drawings. However, record drawings also indicate a 

potential concern as the expansion would intrude onto a BC Hydro right-of-way and would require reconfiguration of 

a 75 mm natural gas distribution line. The existing side slopes are shallow so it should be possible to expand while 

remaining under the Township’s design bylaw maximum side slope of 4:1 (H:V) (ToL, 2019). An estimate of up to  

1100 m3 of storage could be added. Map 6-3 displays the extent of the proposed pond expansion.  

 
2 Information and figure retrieved from https://www.stormtech.com/ on September 10, 2019. 
3 Information and figure retrieved from https://www.conteches.com/knowledge-center/case-studies/details/slug/univeristy-of-
michigan-infiltration-system-central-campus on September 10, 2019. 

https://www.stormtech.com/
https://www.conteches.com/knowledge-center/case-studies/details/slug/univeristy-of-michigan-infiltration-system-central-campus
https://www.conteches.com/knowledge-center/case-studies/details/slug/univeristy-of-michigan-infiltration-system-central-campus
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In addition, the pond expansion could allow for reconfiguration and enhancements to ensure that all stormwater 

passes through the detention pond and receives enhanced water quality benefits. Environmental pond enhancements 

(discussed in Section 7.4) should be considered for implementation in conjunction with an expansion project. This 

would be a great opportunity for the Township to achieve value by completing two beneficial projects at once, 

improving cost-effectiveness and function of the detention pond. The estimated cost of this project is $110,000 (only 

inclusive of pond excavation), and a Class C cost estimate is provided in Appendix D which includes environmental 

pond enhancement costs as well. 

 

6.2 Overland Flood Protection 

Overland flow modelling results (discussed in Sections 4.1.2 and 4.2.2) identified the southeast quadrant and Golden 

Ears Way corridor as the most significant areas of pluvial flood risk concern. Outside of these areas, there appears to 

be adequate overland flow routes, with the exception of some private facilities. These deficiencies are addressed 

through the projects described below.  

 

6.2.1 Golden Ears Way Overland Flow Improvements 

Overland flow modelling identified Golden Ears Way and the rail corridor as where the most extensive overland 

flooding occurred. A detailed inventory and survey should be conducted to confirm the presence or absence of 

culverts along the railway. None were documented in the information provided by the Township and their presence 

could mitigate some of the flooding the model predicted.  

 

If no major flow routes exist, the creation of flow routes through the Golden Ears Way corridor would be highly 

beneficial. Culverts could be installed to allow drainage through and into the ditch on the north side of the railway. 

Flap gates should be considered for these culverts to reduce the propagation of flooding into the area during a Fraser 

River flooding event. The aforementioned inventory and survey should be completed prior to proceeding with these 

improvements. 

 

6.2.2 Southeast Quadrant Overland Flow  

There are options for reducing the flooding to private properties in the southeast quadrant shown in Map 4-8. The 

primary option for flooding to low-lying private properties would be to increase site elevations if redevelopment 

occurs. Any regrading would have to consider impacts to adjacent properties.  

 

A second option is to provide for the conveyance of future 100-year return period flows by establishing new overland 

flow routes. These may be a challenge to establish and they would likely have to traverse private residential properties 

(for example in the space between the backs of houses). It does not appear possible to eliminate the low points by 

regrading the roads.  

 

Based on the LIDAR, the minimal elevation change may allow for the regrading of overland flow paths to drain the low 

areas at 93rd Avenue and 203rd Street west along 93rd Avenue. The same is true for draining the low areas along 

94th Avenue between 201st and 202nd Streets.  

 

If the Township wishes to upgrade the major system in these areas, a study should be completed to evaluate the 

feasibility of new overland flow routes. Another option is to upsize existing storm sewer pipes which is discussed in 

Section 6.2.3 below. 
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6.2.3 Southeast Quadrant Upsizing 

Upsizing the existing storm sewer pipes may be a favorable option to address future 100-year return period flow 

conveyance in the southeast quadrant. Current major flow conveyance in this quadrant is provided by pipes sized for 

the 100-year return period flow. It could be costly to upgrade the system to provide adequate capacity to capture and 

convey the future 100-year return period flows as climate change is likely to significantly increase storm intensity; 

however, even incremental increases in capacity should reduce the severity of flooding. When future road 

reconstruction in this area is planned, upsizing of the storm sewer and inlet capacity should be considered. It would 

also be prudent to consider risk reduction measures such as installing backflow preventers on all storm service 

connections.  

 

6.2.4 Site Specific Flood Risk Evaluation and Flood Protection Measures 

Based on the results of the overland flow modelling, there are several properties located in low spots which are at risk 

of significant flooding during a 100-year return period storm. We recommend that the Township closely evaluate if 

significant impacts (e.g. damage to buildings) would result from predicted flooding and explore mitigation strategies if 

this proves to be the case. However, mitigation strategies may be limited, and determining the best option(s) may 

require more detailed and expensive flood modelling. 

 

6.3 Fraser River Flood Protections 

If the Township wishes to protect the study area from Fraser River flooding, the dike to the east of the study area 

would have to be extended and built to sufficient height to protect from future flood elevations. This flood elevation 

would likely be based upon the Fraser River designated flood profile established by the Ministry of Forests, Lands, 

Natural Resource Operations, and Rural Development. Dike upgrades would likely have to be accomplished by raising 

101st Avenue. Prior to undertaking such works, we would recommend that the Township undertake a detailed flood 

risk assessment using the results of more detailed Fraser River flood mapping project. After completing such a study, 

the Township could weigh the costs and benefits of undertaking flood protection works. If flood protections works are 

implemented, the Township should employ flap gates on all drainage system outfalls to limit the potential for flooding 

through the drainage system during Fraser River flooding.  

 

This study is recommended as a relatively high priority due to the significant impacts associated with flooding and the 

availability of useful data for completing additional studies. NHC and the Fraser Basin Council have completed a large 

portion of the modelling required that could be used in a Northwest Langley Industrial Catchment study. 
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7 Water Quality Improvements 

The natural watercourses in the area are highly susceptible to contamination through illicit dumping, accidental spills, 

or surface runoff from contaminated sites. The Township has already begun taking initiatives to reduce pollution and 

contamination to improve the study area and support overall watershed health. Revegetation and protection of the 

riparian areas would be an opportunity improve water quality while enhancing environmental assets; however, due to 

the developed nature of the study area, most of the opportunity for water quality improvement is related to the 

drainage system. This could be accomplished through the implementation of best management practices (BMPs) and 

other means outlined in this section. 

 

The Northwest Langley Industrial Catchment is heavily developed, meaning that the primary opportunities for the 

implementation of BMPs (such as green infrastructure or other source controls) would be during the redevelopment of 

private facilities and the enhancement of the green space within road rights-of-way. Enhancing roadways through 

‘green-street’ type developments not only provides stormwater management benefits but also supports the 

Township’s goals of providing aesthetically pleasing communities. However, the implementation of stormwater 

management facilities in ‘green-streets’ should also consider other potential enhancements to the existing roadways 

such as pedestrian and cycling facilities. These are also important elements to the livability of the community. The use 

of existing road space, which may be limited, should be balanced, and evaluated on a case-by-case basis. Where right-

of-ways cannot accommodate linear features due to existing facilities other options for the implementation of water 

quality improvements would need to be considered. On private sites the Township could require the implementation 

of BMPs during redevelopment to meet water quality objectives, as discussed in Section 7.  

 

The following sections discuss projects that can be implemented by the Township to improve water quality within the 

study area. The focus is largely on the implementation of stormwater source control BMPs during development or 

redevelopment projects. Candidate source controls are provided for on-site and right-of-way applications. Additional 

source controls that may be applicable to this study area are discussed in Appendix E.  

 

When discussing source controls, we provide general recommendations and guidance on their application including 

likely candidates for various conditions. We cannot provide more site-specific recommendations in the context of this 

ISMP, as a detailed assessment is required. The selection of water quality controls would be based on the regulatory 

requirements of the relevant agencies (regional, provincial, or the local requirements we recommend in Section 8) and 

site constraints.  

 

For right-of-way applications, the first step in the implementation of the recommended water quality improvements 

would be for the Township to complete a feasibility study. Many right-of-ways within the study area have limited 

width. Dedicating space within those right-of-ways to stormwater facilities would have to be balanced against other 

improvements such as sidewalks, bike lanes, and multi-use paths. The feasibility assessment should identify which 

right-of-ways lack the width to implement these improvements along with stormwater facilities. Where space is 

limited, the Township should determine for which right-of-ways sidewalks, bike lanes, and other improvements should 

be prioritized over stormwater facilities. Additionally, we recommend the Township evaluate the potential for adding 

sub-surface stormwater facilities into typical cross-sections which include these other amenities so that they may be 

implemented even where space is limited. Some options for this are discussed in the following sections.  
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7.1 Elimination of Point Source Pollutants 

Elimination of point-source pollution is the most effective measure the Township can undertake to improve water 

quality. It is also important to ensure that new pollution sources are not introduced in the future without the 

appropriate mitigation measures. Water quality sampling can be used to help monitor if such pollution is occurring. 

 

The Township has been working to identify and eliminate point source pollution in the study area and should continue 

to do so on an ongoing basis. The program should include protocols for identifying point source pollutants; locating 

pollutant sources; remediating pollution and pollution sources; and enforcing compliance. This work can be connected 

to the monitoring program discussed in Section 11.2. 

 

7.2 On-Site Manufactured Treatment Devices 

Proprietary water quality devices are available from a variety of vendors. The most common devices separate 

sediment and oils from the water stream through settling chambers, inverted weirs, swirl chambers, and submerged 

outlets. There are also more advanced units which incorporate absorbent materials and filters; some devices are also 

available with chemical agents to promote coagulation and settling of fine particles. Oil-water separators and 

membrane filters are discussed further with example products in Sections 7.2.1, 7.2.2 and 7.2.3.  

 

In general, these devices are most effective when applied to areas where pollutants are mobilized and concentrated at 

a single point, such as parking lots, soil or sediment stockpiles, and vehicle maintenance locations. It is not advisable to 

use them as end-of-pipe treatment units for large catchment areas, as higher concentrated flows will require larger, 

more expensive units. They can also be utilized as spill traps to reduce the spread of accidental pollutant releases and 

facilitate emergency cleanup and response.  

 

Maintenance of manufactured treatment devices typically involves removing trapped oils and sediments as with 

standard catchbasin maintenance. The maintenance frequency depends on pollutant loadings and the storage capacity 

of a given treatment device. Inspections should be conducted more regularly in first two years after installation to 

confirm pollutant loading and required maintenance frequency. For treatment devices using filters, the frequency of 

filter replacement would typically be on the order of several years. More detailed maintenance information is provided 

by the suppliers. 

 

The International Organization for Standardization (ISO) has a standard, ISO 14034 Environmental Technology 

Verification (ETV) that provides credible, reliable, and independent verification of the performance of environmental 

technologies. This can be referenced when purchasing treatment devices to ensure the product is verified as providing 

an environmental added value (ISO, 2016).  

 

Table 7-1 summarizes the general applicability of manufactured treatment devices for the Township. In this table, the 

term pollution hotspots references sites where activities have the potential to produce high levels of harmful 

pollutants. Examples include vehicle fueling, maintenance, or demolition areas, sites where hazardous material is 

stored, and some types of heavy industry. Not all industrial areas would be considered pollutant hotspots; industrial 

facilities should be evaluated on a case by case basis to determine if there is potential for contaminated runoff. 
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Table 7-1 
Manufactured Treatment Devices Summary (CVC and TRCA, 2010) 

Structural Treatment Devices 

On-Site 
Implementation 
Applicable 

ROW 
Implementation 
Applicable 

Can be Sited 
Near Pollution 
Hotspot 

Recommended 
Impervious/Pervious 
Ratio 

Yes Yes Yes N/A 

 

These treatment devices should be selected to attain the stormwater quality guidelines recommended in Section 8 

and/or applicable regional, Provincial and Federal guidelines, whichever is more stringent. Current provincial 

guidelines can be found in the summary report “British Columbia Approved Water Quality Guidelines: Aquatic Life, 

Wildlife & Agriculture” (August 2019). The guidelines for freshwater aquatic life would be the most applicable to the 

study area, which drains to the Fraser River. Regional guidelines on stormwater quality are presented in Section 

11.2.1. We also note that the treatment devices are designed to treat pollutants transported in stormwater runoff. 

They are not a substitute for industrial wastewater treatment systems as may be required in some facilities.  

 

7.2.1 Hydrodynamic Separators 

Hydrodynamic separators, also called oil grit separators, use the energy of the incoming stormwater flow to create a 

vortex within a pre-cast barrel. Heavier sediments, floatables, and larger oil droplets are captured and may be removed 

during maintenance. These separators cannot effectively remove smaller oil droplets, fine particles, or dissolved oils, 

and are most applicable in areas such as roads and parking lots where oils and sediments are likely to enter the 

stormwater system. They can be a cost-effective method of reducing hydrocarbons and sediment; however, where 

high (>60% for sediment) removal efficiencies are required or there may be high hydrocarbon loading, other treatment 

methods may be required. 

 

Figure 7-1 
Armtec Downstream Defender®4 

 
4 Information and figure retrieved from https://armtec.com/products/stormwater-management/treatment-and-flow-control/ on 
Jan 20, 2021. 

https://armtec.com/products/stormwater-management/treatment-and-flow-control/
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7.2.2 Oil-Water Separators 

Oil-water separators are more effective at removing hydrocarbons and other smaller particles from stormwater than 

hydrodynamic separators. The removal efficiency of both devices varies depending on variables such as flow rate, oil 

gravity, and temperature. 

 

American Petroleum Institute (API) type oil-water separators are large tanks designed to separate large amounts of oil 

and suspended solids from stormwater via baffles to trap hydrocarbons at the top of the tank and a sump to capture 

sediments that settle to the bottom. API separators can attain effluent concentrations of between 50 and 200 PPM 

for oils and for suspended particles of approximately 150 µm in size under typical conditions. Removal efficiency for 

API separators typically falls between 60-99%.  

 

Coalescing plate separators work on a similar principle but offer increased removal effectiveness with the inclusion of 

coalescing plates (Figure 7-2).  

 

 

Figure 7-2 
Rainwater Management Coalescing Plate Separator5 

 

Coalescing plate separators achieve effluent concentrations between 10 and 15 PPM and can be used to effectively 

remove particles between 20 µm and 150 µm in size. Plate design and orientation impact the removal efficiency of 

coalescing plate separators, which falls between 30% and 90%.  

 

Coalescing plates may lose proper function due to clogging between the plates caused by sediment buildup. This 

restricts oil droplets from coalescing and decreases the system efficiency. Installation of deep-sump catch basins or a 

sediment removal device upstream of the oil and water separator could be considered for pre-treatment to minimize 

the quantity of sediment that reaches the system. 

 

The increased surface area of coalescing plate systems, compared to API separators, allows for smaller-volume 

systems to achieve the same level of removal as an API separator. These products are effective water treatment 

 
5 Information and figure retrieved from http://www.rainwatermanagement.ca/products/coalescing-oilwater-separation/ on 
November 25, 2019. 

http://www.rainwatermanagement.ca/products/coalescing-oilwater-separation/
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options in areas such as gas/refueling stations, vehicle maintenance areas and other areas with elevated levels of 

hydrocarbons in runoff. 

 

7.2.3 Membrane Filters 

Filtration is an effective means of removing suspended solids from stormwater with less treatment time and footprint 

size compared to settling tanks or ponds. Sediment removal also addresses particulate-bound contaminants, such as 

metals, oils and nutrients. The Imbrium Jellyfish® Filter6, listed as a recognized device by the BC Ministry of 

Transportation and Infrastructure7, is a high surface-area membrane filtration device which can treat high flow rates 

within a small footprint (Figure 7-3). Membrane filters are most effective in areas that may have elevated levels of 

sediment in runoff. Membrane filters can achieve higher sediment removal efficiencies than hydrodynamic separators, 

particularly for smaller particle sizes. 

 

Figure 7-3 
Imbrium Jellyfish Filter 

 

7.3 Green Infrastructure  

The Township can implement green infrastructure on individual lots (including lots of all zoning types) as well as within 

their own rights-of-way where feasible. The implementation of green infrastructure is in line with the principles of the 

Township’s Sustainability Charter. However, where space is limited within right-of-ways, green infrastructure may 

need to be in the context of implementation of other urban features and infrastructure, such as cycling and pedestrian 

facilities, also contribute to the goals of the Sustainability Charter. 

 

Within the study area many of the road cross-sections were not constructed to the Township’s current standards and 

do not currently include sidewalks. The Township intends to improve these roads with sidewalks and/or multiuse 

paths. In such cases space within the right-of-way will be limited; however, the construction of additional impervious 

surfaces will make it even more important to add additional stormwater control. Fortunately, options exist which can 

be implemented where available space is limited. 

 

Redevelopment projects on private property can integrate green infrastructure source controls such as raingardens 

and infiltration pits to satisfy the often-limited space allotment for green infrastructure. For residential areas, enclosed 

 
6 Information and figure retrieved from http://www.imbriumsystems.com/stormwater-treatment-solutions/jellyfish-filter#5085-
overview on November 25, 2019. 
7 Approved product list retrieved from https://www2.gov.bc.ca/gov/content/transportation/transportation-
infrastructure/engineering-standards-guidelines/recognized-products-list on November 25, 2019. 

http://www.imbriumsystems.com/stormwater-treatment-solutions/jellyfish-filter#5085-overview
http://www.imbriumsystems.com/stormwater-treatment-solutions/jellyfish-filter#5085-overview
https://www2.gov.bc.ca/gov/content/transportation/transportation-infrastructure/engineering-standards-guidelines/recognized-products-list
https://www2.gov.bc.ca/gov/content/transportation/transportation-infrastructure/engineering-standards-guidelines/recognized-products-list
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infiltration trenches or other subsurface source controls are preferred so as to reduce reliance on maintenance from 

property owners and prevent their access to the storm system.  

 

Industrially zoned lots often offer more flexibility with the implementation of source controls due to the employment 

of professional landscapers for building maintenance. If the Township experiences challenges with the maintenance of 

source control facilities on industrial or commercial lots, they could consider establishing maintenance covenants as a 

part of redevelopment permitting on these lots. 

 

The Township anticipates most Right-of-Way (ROW) projects will need to be completed incrementally as road 

improvements may occur in small sections. These types of projects are ideal for smaller source control solutions such 

manufactured filtration units that can be constructed with each section and implemented below the surface where 

space within the road cross-section may be limited. If there is more space within the road cross-section absorbent 

landscaping or rain gardens may also be an option. Further discussion and examples of manufactured filtration units 

(biofiltration), absorbent landscaping, and rain gardens can be found in Sections 7.3.1, 7.3.5 and 7.3.3 respectively.  

 

In cases where larger sections of roads are upgraded in the same project, and space is available within road cross-

sections after considering other improvements, it may be feasible to implement linear source control features such as 

infiltration trenches. We recommend considering the options described in the following sections for right-of-way 

source controls. Each of the options described provides context and applicability for implementation within the 

Township with information on further green infrastructure options included in Appendix E.  

 

Certain practices are not suitable for locations that could be considered pollution hotspots. However, even in some 

pollution hotspots, green infrastructure may still be used provided one of the following modifications is implemented: 

• The green infrastructure will only receive runoff from sources within a site that do not pose a pollution risk (e.g. 

roof runoff). 

• The green infrastructure will only be used as a part of a treatment train where runoff is pre-treated using a 

manufactured treatment device prior to discharging into a green infrastructure facility. 

• The green infrastructure facility utilizes an impermeable liner where the pollutant hotspot concern is migration 

into groundwater 

 

There are limits on how much impervious area can be drained to a given source control area before the performance 

of the green infrastructure is compromised; therefore, if source control area is limited, so is the impervious area that 

can be treated. This ratio of areas appears in the following tables as the recommended impervious/pervious ratio. It 

should also be noted that source controls designed to infiltrate water should be placed away from building 

foundations or buried infrastructure when groundwater intrusion is a concern.  

 

7.3.1 Biofiltration  

Biofiltration facilities are designed to temporarily store and treat stormwater. These facilities can be adapted to fit 

many different development contexts and typically only require 2% – 5% of a lot area to be effective. Biofiltration has 

a similar function to bioretention systems such as rain gardens. The biofiltration facilities may be designed with an 

impermeable liner at the base to prevent infiltration to native soils while still providing treatment through filtration 

through the various natural layers of the facility.  

 

Results from laboratory and field studies on biofiltration system performance indicate that they have potential to be 

one of the most effective BMPs for pollutant removal (CVC and TRCA, 2010). Biofiltration effectively removes a 
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variety of pollutants through sedimentation, filtering, soil adsorption, microbial processes, and plant uptake. The 

contaminants that these systems can remove include heavy metals, suspended solids, phosphorous, hydrocarbons, and 

bacteria. Table 7-2 provides a summary of biofiltration characteristics.   

 

Biofiltration may be most desirable in locations where transporting pollutants into groundwater is a concern. Where 

biofiltration units are used in pedestrian traffic areas, such as locations in parking lots people may walk across, they 

should include features to prevent or reduce foot traffic through the biofiltration facility. This prevents damage or 

deterioration, reducing need for maintenance and increasing the performance longevity of the facility. Examples of 

design measures to prevent foot traffic include dense or tall plant cover and segmented pathways across the 

biofiltration facilities. Such alternative pedestrian crossings should be provided where needed. 

 

Filterra Biofiltration by Imbrium Systems is one example of a currently available engineered biofiltration unit. Such 

units offer identical benefits to other biofiltration designs with greater space efficiency, as their compact design 

includes engineered layers and materials that are fixed underground to maximize pollutant removal in highly 

impervious and developed areas. These units are higher cost than traditional biofiltration units but may be more 

feasible in lots where limited space is available for traditional units. Figure 7-4 displays a typical configuration of a 

Filterra Biofiltration unit. 

 

Figure 7-4: 

Typical Filterra Biofiltration Unit with Offline Configuration8 

 

  

 
8 Information and figure retrieved from http://www.imbriumsystems.com/stormwater-treatment-solutions/filterra on December 6, 
2019. 

http://www.imbriumsystems.com/stormwater-treatment-solutions/filterra%20on%20December%206
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Table 7-2 
Biofiltration Summary (CVC and TRCA, 2010) 

Biofiltration 

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be 
Sited 
Near 
Pollution 
Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Yes Yes1 Yes 5:1 to 15:1 

1 Subject to site specific feasibility. 

 

7.3.2 Rock/Infiltration Trenches  

Infiltration trenches are typically rectangular trenches that are filled with granular material or other void filling material 

and are lined with a geotextile fabric. Typically, these systems service individual lots by receiving roof and walkway 

runoff. The unobtrusive linear shape of trenches is well suited for servicing sites where limited space is available for 

infiltration (between buildings or along narrow strips of land between properties) or along road rights-of-way.  

 

Infiltration trenches could be installed under a sidewalk or boulevard with runoff entering through catchbasins and/or 

perforated distribution pipes. Such an installation would typically have a perforated pipe to collect filtered runoff and 

route it into the storm drainage network. An image of a typical rock infiltration trench is shown in Figure 7-5. It is also 

possible to install surface features, such as street trees, on top of a rock infiltration trench. 

 

The primary function of an infiltration trench is to attenuate runoff and naturally filter water through granular material. 

The attenuation provided by these systems reduces stress on stormwater systems. Promoting infiltration limits the 

ability of runoff to leave the site during small rainfall events, thereby eliminating potential contamination to 

downstream ecosystems.  

 

Studies have demonstrated that infiltration trenches are effective in removing a variety of contaminants including 

metals, suspended solids, phosphorus and nitrogen (CVC and TRCA, 2010). Like biofiltration units, infiltration trenches 

can effectively eliminate site runoff during small rainfall events, capturing all the water and infiltrating it to the native 

soils.  

 

There is risk of groundwater contamination due to the infiltration of stormwater; therefore, infiltration trenches are 

not recommended where land use activities have the potential to generate highly contaminated runoff. Instead, 

infiltration trenches should be a priority for receiving runoff from less contaminated source areas such as roofs, 

walkways, roads with low volumes of traffic, and parking areas. Impermeable liners may be used to prevent infiltration 

and configure a trench for filtration and detention storage.  

 

Table 7-3 summarizes key features of rock/infiltration trenches.  
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Figure 7-5 
Rock Infiltration Trench9 

Table 7-3 
Rock/Infiltration Trenches Summary (CVC and TRCA, 2010) 

Rock/Infiltration Trenches 

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be 
Sited 
Near 
Pollution 
Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Yes Yes1 No 5:1 to 20:1 

1 Subject to site specific feasibility. 

 

7.3.3 Rain Gardens and Bioretention 

Rain gardens (a type of bioretention facility) are an aesthetically pleasing landscape feature designed to capture, 

detain, treat, and infiltrate stormwater runoff. This source control has a similar function and appearance to bioswales; 

however, rather than being a linear feature, rain gardens have a larger and more adaptable area cover. Generally, an 

effective rain garden will occupy as little as 5% to 10% of the catchment area it is designed for. A typical rain garden is 

shown in Figure 7-7. Figure 7-6 shows a typical bioretention facility designed to manage parking lot runoff. 

Water quality benefits provided by rain gardens are similar to the benefits of the bioswales discussed in the previous 

section. They are not recommended for use in areas where land use activities have the potential to generate highly 

contaminated runoff unless they are modified accordingly. Instead, raingardens should mainly receive runoff from 

source areas that are less contaminated, such as roofs, roads with low volumes of traffic, and parking areas. Table 7-4 

summarizes the key characteristics of raingardens. 

 

  

 
9 CVC and TRCA, 2010. 
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Figure 7-6 
Bioretention Cell10 

 

 

Figure 7-7 
Raingarden11 

Table 7-4 
Raingarden Summary (CVC and TRCA, 2010) 

Raingarden 

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be Sited 
Near Pollution 
Hotspot  

Recommended 
Impervious/Pervious Ratio  

Maximum Impervious/Pervious Ratio  

Yes Yes1 No 5:1 to 15:1 20:1 to 50:1 

1 Subject to site specific feasibility. 

 
10 CVC and TRCA, 2010. 
11 Figure retrieved from https://sustainabletechnologies.ca/home/urban-runoff-green-infrastructure/low-impact-development/ on 

November 25, 2019. 

https://sustainabletechnologies.ca/home/urban-runoff-green-infrastructure/low-impact-development/
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7.3.4 Bioswales 

Bioswales are shallow open channels that capture and convey stormwater runoff. They are typically comprised of a 

vegetated topsoil layer, a drain rock layer, and a subgrade drain. An effective bioswale design will typically occupy 

approximately 5% to 15% of the area of the catchment site it is designed for. In locations where stormwater treatment 

is a concern, bioswales provide stormwater treatment by assisting in the removal of suspended solids, heavy metals, 

phosphorus, nitrogen, and some hydrocarbons (CVC and TRCA, 2010).  

 

Design factors such as slope, soil type, and use of check dams can significantly influence the pollutant removal 

capacity of bioswales. Due to the risk of groundwater contamination, bioswales are not recommended for use where 

land use activities have the potential to generate highly contaminated runoff. Instead, bioswales should be utilized to 

receive runoff from source areas that are less contaminated, such as roofs, roads with low traffic volumes, and parking 

areas. A summary of bioswale features is provided in 
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Table 7-5 

Runoff from travelled lanes and parking areas can be directed to bioswales prior to discharge into the storm drainage 

network. This would provide a high level of water quality treatment. Figure 7-8 is an example of a typical roadside 

bioswale. Bioswales are an effective option within road right-of-ways if there is room within the cross-section for their 

placement. Where the Township intends to add sidewalks or multi-use paths to right-of-ways with limited room other 

source controls may be a better option. 

 

 

Figure 7-8 
Roadside Bioswale12 

 

  

 
12 Figure retrieved from https://www.watershedcouncil.org/bioswale.html on January 16, 2020. 
 

https://www.watershedcouncil.org/bioswale.html
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Table 7-5 
Bioswale Summary (CVC and TRCA, 2010) 

Bioswales 

On-Site Implementation 
Applicable  

ROW Implementation 
Applicable  

Can be Sited Near 
Pollution Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Maximum 
Impervious/Pervious 
Ratio  

No1 Yes2 No 5:1 to 10:1 20:1 to 50:1 

1 See Section 7.3.1: Biofiltration for similar green infrastructure applicable for on-site implementation. 
2 Subject to site specific feasibility. 

 

7.3.5 Absorbent Landscaping and Street Trees 

Absorbent landscaping acts like a sponge that retains rainfall, stores it temporarily, and then slowly releases it. Its 

primary purpose is to allow a developed site to mimic the hydrologic function of undeveloped. It tends to have only a 

limited storage capacity and will saturate and lose functionality during large rainfall events. The filtration mechanism of 

the soil layer provides water quality benefits. An example of absorbent roadside landscaping is shown in Figure 7-9.  

 

Absorbent landscapes typically consist of a layer of absorbent soil with vegetation such as shrubs and trees. The 

vegetation provides an additional function of supporting interception and evapotranspiration. Absorbent landscapes 

receive direct rainfall and runoff from proportionately small impervious surfaces (such as driveways, paths and patios). 

 

Absorbent landscaping can be employed in combination with street trees to support the Township’s Official 

Community Plan goals to increase ecological capacity and provide aesthetically pleasing communities. Coniferous trees 

are preferred over deciduous trees, as leaf litter can restrict the absorption of the underlying soil, and their retention 

of foliage through the winter rainy season promotes maximum interception. A summary of key attributes of absorbent 

landscaping and street tree is provided in Table 7-6.  

 

For maximum effectiveness, the growing medium should have a minimum depth of 300 mm, with a preferred depth of 

450 mm. Analysis of the feasibility of street trees must consider implications to the surrounding pavement structures, 

as tree roots can damage concrete sidewalks and paved roads, although this effect can be mitigated using structural 

soils. This BMP is also not recommended to be used in areas where land use activities have the potential to generate 

significantly contaminated runoff.  

 



Township of Langley 

 

 

7-14 

 

Figure 7-9 
Roadside Absorbent Landscaping13 

Table 7-6 
Absorbent Landscaping and Street Trees Summary (CVC and TRCA, 2010) 

Absorbent Landscaping and Street Trees 

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be 
Sited 
Near 
Pollution 
Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Yes Yes1 No 5:1 to 15:1 

1 Subject to site specific feasibility. 

 

7.4 Pond 18 Environmental Enhancements 

Currently, Pond 18 primarily provides a hydraulic benefit through attenuation storage. The pond could be improved to 

also provide water quality benefits without impacting storage capacity. These improvements could include additional 

vegetation, excavation and/or berm construction to control flow paths, increase residence time, and promote the 

settling of pollutants.  

 

In order to maximize water quality benefits, the pond would have to be altered to be on-line, or at a minimum to 

receive flow even during the smaller, more frequent storms that generate a large portion of the annual runoff. During 

larger storms, the highest pollutant concentrations typically occur during the first flush. With the existing 

configuration, smaller storms or the first flush of larger storms may not produce a high enough HGL in the system to 

divert flow to the detention ponds. 

 

As discussed in Section 6.1.2.2 the Pond 18 expansion project could be implemented in conjunction with proposed 

environmental enhancements for this pond to maximize benefit to the Township. The estimated cost of this project is 

$110,000, inclusive of landscaping and inlet and outlet modifications to allow pond to function at lower drainage 

system HGLs. A Class C cost estimate is provided in Appendix D. 

 
13 Figure retrieved from https://www.epa.gov/green-infrastructure/what-green-infrastructure on November 25, 2019. 

 

https://www.epa.gov/green-infrastructure/what-green-infrastructure
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If the reconfiguration of the inlet and outlet are required, it would likely be beneficial to also complete Minor System 

Project 3 concurrently with the pond work.  
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8 Municipal Integration and Policy Improvements 

In this section, we provide recommendations for modifying or supplementing existing bylaws and policies to facilitate 

stormwater management. Most of the existing stormwater-related regulatory requirements are set by the Subdivision 

and Development Servicing Bylaw (No. 5382, 2019). A summary of relevant bylaws is included in Section 2.1 

With the objective of improving water quality we recommend the following modifications to the Subdivision and 

Development Servicing Bylaw: 

• The clause related to the implementation of infiltration facilities (D10.3), requiring an infiltration rate equivalent to 

the greenfield condition for a 24-hour, 25 mm rainfall, should be applied to properties as part of redevelopment 

permitting. 

• If the infiltration of this volume is not feasible due to site conditions, the 24-hour, 25 mm rainfall volume must 

pass through water quality treatment. For the purpose of determining treatment flow rates, an SCS Type 1A 

storm distribution should be used. 

• For limiting peak flow rates (clause D3), the “pre-development” target peak flows for redevelopment may refer to 

an intermediate development condition defined by the Township rather than the unknown greenfield condition 

for the study area. Limiting peak flows to “greenfield” conditions is important for protecting natural watercourses; 

however, such watercourses are not present within the study area. For this ISMP, the main objective behind 

limiting release rates in the study area would be in reducing the flow burden on the drainage system.  

 

As the drainage system performs adequately under existing conditions we recommend that the Township use this 

as the targe threshold for managing future flows. Table 8-1 presents recommended maximum unit area release 

rates based on the current 5-year, 2-hour rainfall intensity from the Subdivision and Development Servicing Bylaw 

(No. 5382, 2019) and the percent impervious values provided in the same bylaw.  

Table 8-1 
Recommended Site Release Rates for Redeveloped Sites 

Land Use Category 
Recommended Maximum Unit Area Release Rate 

(L/s/ha) 

Industrial or Commercial 28 

Institutional 25 

Comprehensive Development, Multiple Family, or Residential 23 

Cultivated Fields 9 

Suburban Residential or Parks and Grasslands 6 

 

• Where hazardous pollutants may potentially be mobilized and transported in runoff, pre-treatment is required 

prior to discharge to any infiltration based stormwater facility.  Alternatively, only flow through water quality 

treatment facilities should be employed, without allowing infiltration to ground. 

• Where parking facilities are designed to provide stormwater storage, the designed water level must not allow the 

water to contact any areas or facilities that may contain hazardous pollutants.  

• Each site undergoing development or redevelopment should be required to meet water quality treatment targets 

for runoff. These should include the following targets (adapted from TFN, 2020): 

• TSS removal targets should be consistent with Table 8-2 for the corresponding influent event mean 

concentrations (EMCs). For sites generating TSS concentrations greater than 200 mg/L the removal target 
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applies to the water quality volume generated by the 24-hour, 25 mm storm with flows exceeding this 

threshold allowed to bypass treatment facilities. 

Table 8-2 
TSS Removal Targets 

Influent EMC Effluent Target 

< 100 mg/L 20 mg/L TSS 

100 mg/L – 200 mg/L 80% TSS Removal 

> 200 mg/L >80% TSS Removal + Removal of Metals 

 

• At sites where there may be high concentrations of petroleum hydrocarbons (e.g. heavy vehicle use, vehicle 

maintenance areas, refueling areas), oil removal measures should be applied such that no on-going or recurring 

visible sheen is present in the receiving storm sewers or watercourse(s), and the 24-hour average Total Petroleum 

Hydrocarbon (TPH) concentration is no greater than 10 mg/L with a maximum discrete (grab sample) 

concentration no greater than 15 mg/L. Treatment may be designed for the water quality volume generated by 

the 24-hour, 25 mm storm. 

• At sites where metals such as copper and zinc may be present in runoff, treatment should be applied such that 

greater than 50% of the dissolved fractions of these metals are removed. Similar objectives should be applied to 

other metals where they may be present.  

 

The recommendations outlined in this ISMP may be relevant to several departments at the Township of Langley which 

will be involved in implementing the recommendations or may otherwise be impacted by the recommendations. Staff 

within these departments should be made aware of the recommendations made by the ISMP when planning, 

reviewing, managing, or conducting work within the study area. These include the following departments: 

• Development Engineering. 

• Green Infrastructure Services. 

• Engineering and Construction Services. 

• Transportation. 

• Sustainability. 
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9 Recommended Improvements / Evaluation 

This section provides our evaluation and prioritization of the improvement projects discussed in Sections 6 and 7. The 

policy recommendations discussed in Section 8 are not included in this evaluation section. Those policy improvements 

should be implemented as soon as possible to help facilitate water quality and hydraulic improvement projects. 

 

9.1 Evaluation Criteria 

Several improvement options for the study area are discussed in proceeding sections. They are compared and 

evaluated here to provide the Township with input on which improvements should be prioritized. The improvements 

are evaluated using the following criteria:  

• Value: The benefit to the Township, either by reducing risk or by adding ecological or social value. Solutions 

dealing with greater risks will have greater value.  

• Urgency: Additional importance will be given to solutions that address present deficiencies and risks rather than 

future risks.  

• Cost Effectiveness: If a solution is deemed to be a lower cost means of obtaining the desired value compared to 

alternative solutions providing the same value, it will be deemed cost-effective. 

• Feasibility: This refers to how difficult it will be for the Township to implement a solution. For example, pipe 

upsizing on minor roads is less difficult than pipe upsizing under a highway.  

 

Table 9-1 includes a performance or acceptability rating for each improvement of 1 – Poor, 2 – Moderate, or 3 – Good 

for each criterion. In the urgency category a higher score indicates greater urgency. Discussion and recommendations 

are presented in Section 9.2.  
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Table 9-1 
Evaluation of Improvement Options 

Improvement Option 
Report 
Section 

Value Urgency 
Cost 

Effectiveness 
Feasibility Total14 

Minor System Project 1 6.1.1 3 3 3 3 12 

Minor System Project 2 6.1.1 2 2 2 3 9 

Minor System Project 3 6.1.1 1 1 2 3 7 

Minor System Project 4 6.1.1 1 1 3 3 8 

Minor System Project 5 6.1.1 2 3 3 2 10 

Minor System Project 6 6.1.1 3 1 3 3 10 

Minor System Project 7 6.1.1 3 1 3 3 10 

Minor System Project 8 6.1.1 2 3 2 1 8 

Minor System Project 9 6.1.1 3 1 3 2 9 

Minor System Project 10 6.1.1 1 1 3 1 6 

Minor System Project 11 6.1.1 3 1 3 2 9 

Minor System Project 12 6.1.1 2 2 3 2 9 

On-Site Storage Area 1 6.1.2 3 2 1 1 7 

On-Site Storage Area 2 6.1.2 2 1 2 1 6 

On-Site Storage Area 3 6.1.2 2 2 2 1 7 

On-Site Storage Area 4 6.1.2 2 2 1 1 6 

On-Site Storage Area 5 6.1.2 1 2 2 1 6 

Detention Pond 18 Expansion 6.1.2.2 2 2 3 2 9 

Southeast Quadrant Overland Flow 6.2.2 2 1 3 1 7 

Southeast Quadrant Upsizing 6.2.3 1 2 2 1 6 

Right-of-Way Low Impact 
Development Feasibility Study 

7.3 3 2 2 3 10 

On-Site Green Infrastructure 
Implementation  

7.3 3 2 2 2 9 

On-Site Manufactured Treatment 
Devices Requirements 

7.2 3 2 2 1 8 

Pond 18 Environmental 
Enhancements 

7.5 3 1 2 1 7 

Elimination of Point Source 
Pollutants 

7.1 3 3 3 2 11 

Fraser River Flood Protections 6.3 2 2 2 2 8 

Site Specific Flood Risk Evaluation 
and Flood Protections 

6.2.4 3 3 2 1 9 

Golden Ears Way Overland Flow 
Improvements 

6.2.1 3 3 2 2 10 

 

 
14 The total scores for project carried as priority recommendations (Section 9.2) are highlighted with green. 
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9.2 Recommendations 

These recommendations are intended to provide the Township with guidance on how to proceed with reducing flood 

risk and improving water quality in the study area. Projects are prioritized based on the discussion in Sections 6 and 7 

and the evaluation in Section 10.1. Some other lower scoring projects in Table 9-1 were prioritized based on 

opportunity, timing requirements, and/or input from Township staff.  

 

Projects not given priority should still be considered for future implementation as they are required to address the 

“less-critical” deficiencies. For example, several of the minor system improvement projects not given immediate 

priority may still be required to prevent flooding during the future (2080) 5-year return period storm. The prioritized 

projects are listed below in Table 9-2.  

Table 9-2 
Prioritized Projects 

Improvement Project Evaluation Score 

Minor System Project 1 12 

Minor System Project 5 10 

Minor System Project 6 10 

Right-of-Way Low Impact Development Feasibility 
Study 

10 

On-Site Low Impact Development Implementation 9 

Elimination of Point Source Pollution 11 

Golden Ears Way Overland Flow Improvements 10 

Site Specific Flood Risk Evaluation and Protection 9 

Fraser River Flood Protection 8 

Detention Pond 18 Expansion 9 

Pond Environmental Enhancements 7 

 

The Fraser River Flood Protection project is prioritized despite assignment of a relatively low score to facilitate an 

early understanding of necessary flood protection improvements and plan for their implementation.  

 

The Pond 18 Environmental Enhancements project is considered a high priority. This is due to the opportunity to 

bundle this with other improvements. As discussed in Section 7.4, the environmental enhancements for this pond 

should be completed in conjunction with the expansion project to maximize value for the Township. Alternatively, the 

environmental enhancements project would still provide significant standalone benefit if land is unable to be acquired 

for the pond expansion project.  

 

The CCTV Inspection Report completed on October 7, 2019 (MJ Pawlowski and Associates, 2019) recommends one 

location where a trenchless point repair needs to be completed for the storm pipe. This location, on 199A Street, is 

situated directly adjacent to Project 6 and presents the opportunity to increase cost-efficiency and value for the 

Township. The CCTV recommendation results from the identification of a pulled joint in a concrete storm pipe, 

possibly causing exfiltration from the pipe. The combination of these two projects would result in the replacement of 

164 meters of pipe at the north end of 199A Street.
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10 Implementation Strategy 

10.1 Implementation of Improvement Projects 

The implementation of the recommendations made in this ISMP would improve the performance of the drainage 

system in alignment with the goals of the Township’s Sustainability Charter. The first step to implementing the 

improvement projects would be to make Township staff aware of the findings and recommendations contained in this 

ISMP. Furthermore, the Township should immediately proceed with implementing the monitoring and assessment plan 

provided in Section 11. The following sections provide guidance on how to implement the recommended 

improvement projects. 

 

10.1.1 Source Controls 

Incremental improvements, such as source control facilities and other BMPs, should be implemented on an 

opportunistic basis whenever new or re-development plans are developed or when roadways are renewed. Taking 

advantage of new construction will help to reduce overall costs to the Township.  

 

Development and redevelopment proponents should be made aware of the release rate and water quality 

requirements set out in this ISMP and directed to the source control recommendations to assist with meeting those 

requirements. Providing this information and enforcing these requirements are the primary actions required by the 

Township to facilitate the implementation of on-site source controls.  

 

The Township should also develop updated standard road cross-sections for the study area which include source 

controls. Multiple standard road cross-sections may be required to provide flexibility where space may be limited or 

conflicting utilities are present. As described in Section 7, applicable source controls may vary depending on the 

available space as well as the length of road being reconstructed.  

 

10.1.2 Drainage System Improvements  

Any construction being completed for road reconstruction, sanitary, watermain, or other utilities which overlap 

recommended drainage improvement projects should take advantage of the opportunity to implement drainage 

improvement projects at a discount. Otherwise, drainage improvements should be prioritized as per the timelines 

provided in Section 10.3.  

 

When implementing the pipe system improvement projects, it will be important to consider potential impacts that the 

improvement and removal of a flow constriction will have downstream in the system. Ideally if a project with long 

lengths of piping such as Project 1 or Project 8 is staged, it is preferable to construct the most downstream segments 

first. This reduces the risk of increased downstream flooding when upstream constrictions are removed. It is generally 

preferable to implement any downstream projects prior to projects upstream; however, our PCSWMM model showed 

little negative downstream impact from removing constrictions during the existing (2019) 5-year return period storm. 

 

10.1.3 Pond Expansion and Enhancements 

Implementation of the pond enhancement projects should begin with a feasibility analysis where key information is 

gathered on items such as property acquisition and current water quality. If property acquisition is required to expand 

Pond 18, the pond project may not be feasible or may not provide good value. The feasibility analysis should also 

consider reconfiguration of the inlet and outlet bypass points of the pond as this will likely be required to 

accommodate enhanced pond function.  
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The water quality entering Pond 18 should also be analysed to validate the need for an environmental enhancements 

project. Expansion and environmental enhancements should be completed within the same project scope if the 

feasibility analysis is positive for both recommendations. This will maximize cost savings and value for the Township. If 

the outlet reconfiguration is required, the addition of Minor System Project 6 to the project scope should also be 

considered. 

 

10.1.4 Overland Flood Protection 

We recommend additional assessments of riverine flood risk, flood protection benefits and options as a precursor to 

initiation of actual projects for overland flow and flood protection (Sections 6.2 and 6.3). The analysis completed as 

part of this project does not have sufficient detail to recommend concept design solutions to address these concerns. 

Studies should be coordinated to allow for the implementation and construction of these projects within the timeline 

provided in Section 10.3 . 

 

10.2 Cost of Improvements 

A Class C cost estimate was developed for all drainage system upgrades discussed in Section 6.1.1. with costs 

reflecting materials, removal of existing pipes, installation of new pipes, restoration, 10% engineering fee, and a 30% 

contingency. The costs are based on prices estimated in early 2021. The total cost of all trunk storm sewer 

improvement projects equates to $8,7300,000, and the total cost of only the prioritized trunk storm sewer projects, 

listed in Section 9.2 of this report as Minor System Projects 1, 5 and 6, equates to $1,170,000. Additional details 

underpinning the arrival at these costs can be found in Appendix D, and a breakdown of the project costs can be seen 

in Table 10-1 below. 

Table 10-1 
Class C Cost Estimates for Minor System Improvements 

Minor System Improvement Project Total Cost 

Project 1 $880,000 

Project 2 $890,000 

Project 3 $170,000 

Project 4 $500,000 

Project 5 $240,000 

Project 6 $50,000 

Project 7 $810,000 

Project 8 $3,220,000 

Project 9 $720,000 

Project 10 $20,000 

Project 11 $950,000 

Project 12 $280,000 

 

Cost estimates for other recommended projects could not be completed as further study is required to generate 

conceptual designs and determine the extent of implementation possible. However, high-level costs for the Pond 

Expansions and Enhancements can be estimated, as we know the area of potential expansion and enhancement.  
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Table 10-2 summarizes the capital costs for the Pond 18 improvements, excluding land acquisition costs. Refer to 

Appendix D for further information on how these costs were arrived at. 

Table 10-2 
Class C Cost Estimates for Pond 18 Improvements 

Improvement Project Total Cost 

Pond Expansion $110,000 

Pond Environmental Enhancement $110,000 

 

Stormwater source controls have a relatively short history of implementation and it is difficult to obtain detailed 

estimates of potential capital, operation and maintenance costs for specific facilities. The maintenance costs may also 

vary significantly depending on the design of a facility, geographic location, pollutant loading, the ongoing effort 

expended to maintain the facility, and many other factors. It should be noted that a lower maintenance effort may 

result in a shorter service life before facility renewal is required which could increase the overall cost of implementing 

these systems.  

 

An overview of source control maintenance costs is provided in Table 10-3 based on a publication by the Water 

Environment Federation (WEF, 2014). More detailed maintenance costs for infiltration trenches and bioretention units 

are summarized in Table 10-4 and Table 10-5. A conservative estimate of maintenance costs could be made using the 

upper bound of the maintenance cost estimates provided in Table 10-3. We recommend that the Township track 

maintenance frequencies and costs for long enough to establish sufficient data to aid in future planning decisions. 

Table 10-3 
Green Infrastructure Maintenance Summary (WEF, 2014) 

LID Worker-hours (hours/year) 
Annual O&M Cost as a percent of 

Base Construction Costs 

Biofiltration / Bioretention 35 - 60 for 218m2 0.7% - 10.9% 

Bioswales 20 - 30 for 260m2 4% - 7% 

Rain Garden 5 - 57 for 90m2 0.7% - 10.9% 

Absorbent Landscaping and Street 
Trees 

14 - 90 for 230m2 0.7% - 10.9% 

Pervious Pavements 4 – 40 for 2000m2 Not Available 

Infiltration Trenches 40 – 65 for 179m2 5% – 20% 
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Table 10-4 
Infiltration Trenches Maintenance Summary 

Source Study 
Annual O&M Cost as a 

Percent of Base 
Construction Costs 

Maintenance Cost per 
Unit Area 

WEF, 2014 5% - 20% - 

TRCA, 201615 - $0.65/m2 

TRCA, 201316 2.8% - 

WEF, 201517 - $0.2/ft2 - $0.3/ft2 

Table 10-5 
Bioretention Maintenance Summary 

Source Study 
Annual O&M Cost as a 

Percent of Base 
Construction Costs 

Maintenance Cost per 
Unit Area 

WEF, 2014 5% - 20% - 

TRCA, 2016 - $0.66/m2 – $0.98/m2 

TRCA, 2013 2.3% - 3% - 

WEF, 2015 - $0.6/ft2 - $0.95/ft2 

 

10.3 Implementation Timing 

The intent of the complete recommendations list in Section 9.2 is to inform the Township of the scope of required to 

mitigate present and future risks and to improve watershed health. The upgrades can be divided into upgrades 

requiring more immediate attention and upgrades that will require attention in the future (considering climate change) 

or addressing lower risk deficiencies. As discussed in Section 9, improvement options that require immediate 

attention, for reasons such as frequent flooding under current climate conditions or water quality issues, are 

prioritized. The timing breakdown is to help the Township account for these upgrades in long term planning. 

 

The recommended improvements listed in Section 9.2 should be scheduled for completion in the near future due to 

their high priority status following the evaluation in Section 9.1. Consideration should also be given to overlap with 

other planned work as discussed in Section 10.1. Where opportunities arise to combine drainage improvement 

projects with other works, it may be sensible to construct less urgent projects sooner. These projects are 

recommended to be completed within a 5 to 10-year window, depending on the nature of the associated risks. 

Projects that are intended to reduce risk of property damage for areas that have high flood risk under current climate 

conditions are recommended to be completed within a 5-year window.  

 

High-priority projects that are less likely to be crucial for prevention of negative consequences under current climate 

conditions are recommended to be completed within a 10-year window. The rest of the recommended projects are 

included within a 20-year window. Table 10-6 provides the recommended time horizons for high-priority 

improvement projects, followed by Table 10-7 which outlines the 20-year plan. 

 
15 Roof and road runoff over 50-year evaluation period. Used the STEP Low Impact Development Life Cycle Costing Tool. 
16 Roof and road runoff. Used RSMeans Construction Database as basis for costing of material, labour, and equipment. 
17 Study has pricing in US Dollars. 
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Table 10-6 
10-Year Implementation Plan 

Time Horizon Improvement Projects 

5 years 

Minor System Project 1 – 198 Street between 92 Avenue and 
96 Avenue 

Minor System Project 5 – 96 Avenue near 201 Street 

Minor System Project 6 - Near 9835 199A Street 

Right-of-Way Low Impact Development Feasibility Study 

On-Site Low Impact Development1 

Elimination of Point Source Pollution1 

10 years 

Golden Ears Way Overland Flow Improvements 

Detention Pond 18 Expansion 

Pond Environmental Enhancements 

Site Specific Flood Risk Evaluation and Protection 

Notes: 
1 Ongoing Project. 

Table 10-7 
20-Year Implementation Plan 

Time Horizon Improvement Projects 

20 years 

Minor System Project 2 

Minor System Project 3 

Minor System Project 4 

Minor System Project 7 

Minor System Project 8 

Minor System Project 9 

Minor System Project 10 

Minor System Project 11 

Minor System Project 12 

Southeast Quadrant Upsizing 

Southeast Quadrant Overland Flow 

On-Site Storage Area 1 

On-Site Storage Area 2 

On-Site Storage Area 3 

On-Site Storage Area 4 

On-Site Storage Area 5 

On-Site Manufactured Treatment Devices Requirements 

Fraser River Flood Protections 
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10.4 Funding Strategy 

This section discusses potential sources of funding for the recommended improvements and ways that the Township 

might incentivize the application of on-site stormwater improvements. The intent is to provide a high-level overview 

of funding sources and the current Township funding mechanisms. The strategies outlined in this section may change 

in the future with changes to Township policy or if new funding sources become available. 

 

10.4.1 Municipal Funding 

The Township of Langley has completed a significant amount of planning through the Official Community Plan 

(Township of Langley, 2016b). This plan provides direction for future growth, sustainability policies and 

implementation strategies. The Official Community Plan outlines primary sources of revenue for funding capital 

infrastructure such as capital reserves, contributions from operating funds, Development Costs Charges (DCCs), 

grants, zoning amenity charges, and community amenity charges. Drainage improvements are currently primarily 

funded through the capital works budget, with some funding also directed through a green infrastructure fund. 

 

Landowners and private developers do not receive Township-controlled funding to implement stormwater Best-

Management Practices on private property. The cost of constructing, operating and maintaining source controls, 

riparian-area buffers, the Green-Infrastructure Network (GIN), stormwater detention or retention facilities, and system 

upgrades necessitated as part of the development is the responsibility of landowners and developers. 

 

The Township of Langley Official Community Plan anticipates that the Northwest Langley Industrial area will remain 

as a primarily industrial area. As discussed in Appendix C, redevelopment to increase the size of existing industrial 

facilities is expected in the future. In order to promote widespread application of source controls throughout the area, 

the Township can offer incentives to private property owners to encourage the application of BMPs and source 

controls in redevelopment projects. Some potential incentives are discussed below: 

 

Development Costs Charges (DCC) Rebate 

To encourage the implementation of the recommended source control BMPs, a portion of the drainage component of 

DCCs could be rebated to the developer to help fund the design and construction of source control measures. A 

developer could receive such a discount when source control BMPs are incorporated into the site or an equivalent 

reduction in the effective impervious ratio is obtained. Rather than having the Township collect these funds from the 

developer to implement source controls, the funds would be spent directly by the developer to implement the source 

controls. As part of this strategy, it would be critical to ensure that the source control BMPs have been properly 

designed and constructed. This strategy would be aimed at rewarding developers who use innovation to achieve the 

desired stormwater management targets; the Township would need to ensure that developers are not simply ‘cutting-

corners’ to save on DCCs.  

 

One-Time Rebates 

While incentive programs are relatively low-cost to the Township, they do result in lost revenue that would be 

otherwise used on capital projects. As such, another alternative is that rebate-centered incentive programs be offered 

on a one-time basis to promote the initial establishment of source controls and awareness of their benefits. 

 

Similar to the existing programs and grants offered by the Township, the Township could create a Stormwater 

Management Rebate Program to encourage landowners and developers to construct stormwater source control 

measures and detention and retention systems on their properties. The program could potentially be administered 

through the Township of Langley grant and incentive programs website.  
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We recommend that in the initial stages of the project, the approval process for rebates be relatively easy to meet and 

administer. For example, a fixed rebate of a monetary value set by the Township can be offered to participating 

landowners who show proof of on-site stormwater management control measures. Proof can take the form of a photo 

or receipt for constructed works. For the program to be effective, it will be important for the Township to promote the 

inter-related benefits of stormwater management features.  

 

Once the program is established, we recommend that the approval process for rebates be more thorough to ensure 

proper design and installation of works. The procedure will require more effort from both the Township and the 

participant. Rebates should no longer be fixed but be based on compliance with the approval process and projected 

reduction in total annual runoff volume. For example, participants could have to satisfy a sequence of steps as follows: 

1. Submit the design, including design drawings, engineering calculations and / or computer modelling of the 

proposed works to the Township for review. 

2. Submit the operation and maintenance plans of the proposed works to the Township. 

3. Provide the Township with a construction plan and schedule. 

4. Facilitate inspection and monitoring by the Township of Langley. 

 

Administering a Stormwater Management Rebate Program for works completed on private property will prove to be 

more challenging than other incentive programs. Successful completion of the program will require proper 

introduction to developers and a thorough understanding of the approval process by those Township staff 

administering or involved in the program. Such a program would be best implemented throughout the Township of 

Langley to improve on the value achieved. 

 

Stormwater Utility Fee 

The Township of Langley could consider implementing a stormwater utility fee to provide revenue to the Township to 

be used for capital drainage projects. Such a fee could be assessed on a per-lot basis or based on Total Impervious 

Area (TIA), which is relatively simple to estimate based on aerial imagery. Landowners could implement source controls 

to reduce the Effective Impervious Area (EIA) by hydraulically disconnecting runoff from the receiving storm drainage 

infrastructure. Landowners could then apply for a re-evaluation of their rates with supporting evidence, such as 

photographs or contractors’ invoices. If such a fee was assessed on a per-lot basis, predetermined credits could be 

granted for the application of stormwater source control BMPs. The Township’s neighbouring municipality, the City of 

Surrey, successfully utilizes a similar stormwater utility fee. 

 

10.4.2 Federal Funding 

The federal government provides funding for infrastructure and environmental projects primarily through 

Infrastructure Canada and Environment Canada. Although typically not as readily accessible as municipal funding, we 

highlight below some of the programs most applicable to the type of works recommended in this ISMP. 

 

Green Municipal Fund 

The Green Municipal Fund (GMF) is distributed through the Federation of Canadian Municipalities (FCM) but funded 

by the Government of Canada. The GMF funds municipal environmental initiatives, including plans, studies, and 

projects. Projects in the energy, transportation, waste and water sectors undergo a competitive process and are 

ultimately reviewed for approval or denial by the GMF Council. 

 

Stormwater management projects that are supported by this fund focus on water quality improvement which is an 

objective of this ISMP. The funds can be used for studies, pilot projects, or capital projects and require the applicant to 
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target the removal of 60% to 80% of the total suspended solids (TSS) in the runoff from a municipal facility. Other 

contaminants such as E.coli, salt or grease in stormwater runoff may also be targeted for removal using a new build or 

retrofit solution. The funding is therefore directly relevant to the goals of this ISMP and should be applied for as 

applicable.  

 

EcoAction Community Funding Program 

The EcoAction Community Funding Program provides funds to non-profit community-based groups. While the 

Township of Langley is not eligible, community-based groups are. Community or environmental groups may apply for 

funding for various environmental enhancement projects. Minor terrestrial or riparian enhancement projects, such as 

the removal of debris jams and the management of invasive species, are the most likely types of projects to have 

success under this program. This should be promoted by the Township to encourage the improvement of watershed 

health. 

 

New Building Canada Plan 

The New Building Canada Plan (NBCP) is a federal government program intended to support infrastructure projects 

across Canada. Much of the funding is intended for projects of national, regional, or local significance, and therefore 

may not be accessible for the projects associated with this ISMP; however, part of the NBCP is the Federal Gas Tax 

Fund, intended to provide municipalities with stable and predictable funding up until 2024 to support infrastructure 

projects. It is allocated on a per-capita basis to all municipalities across Canada and could be used for infrastructure 

upgrade projects in the Northwest Langley Industrial study area. 

 

We anticipate that within municipal governments such as the Township of Langley, competition for these funds may 

not allow a significant investment in independent drainage projects. We strongly recommend the Township push to 

have stormwater source controls included in all infrastructure projects where practical. 

 

10.4.3 Provincial Funding 

The British Columbia provincial government provides funding for community and stormwater management projects. 

Currently, the only applicable funding source is the Infrastructure Planning Grant Program as the funds from all other 

relevant programs are fully allocated or their applications are closed. More provincial funding opportunities and new 

application intakes may become available in the future so the Local Governments Infrastructure Grants provincial 

website should be monitored. 

 

Infrastructure Planning Grant Program 

The Infrastructure Planning Grant Program provides grants up to $10,000 to assist in the development or 

improvement of long-term comprehensive plans. Existing projects (such as this ISMP) are ineligible for the funding. 

This grant program can be used for the Township’s future planning-level projects, saving funds which can then be 

invested towards capital improvement projects such as those recommended in this ISMP. 
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11 Monitoring and Assessment 

11.1 Key Performance Indicators 

The long-term success of the Northwest Langley Industrial Catchment ISMP is dependent upon the Township’s ability 

to implement the recommendations of this study. In order to manage development within the area, the Township must 

monitor key metrics that indicate the condition of the watershed, identifying areas of improvement as well as areas of 

degradation. This will indicate where enhancement projects and upgrades have been successful and will also highlight 

areas where additional mitigation is required.  

 

To address the practical limitations of a robust monitoring plan, Metro Vancouver developed a Monitoring and 

Adaptive Management Framework (AMF). The AMF guides municipalities towards minimum monitoring activities and 

advises on how to assess the data collected to ensure that ISMPs stay on track in meeting their stated objectives. 

Although the AMF provides a good starting point, it repeatedly stresses that additional metrics and enhanced 

monitoring schedules are recommended where resources allow. 

  

Recommended metrics for monitoring will be based upon the following three categories: 

 

Land Use Metrics 

Intended to identify subtle changes resulting primarily from small-lot redevelopment and minor enhancement projects 

that may otherwise be overlooked, and to address the terrestrial component of the ISMP. 

 

Environmental Metrics 

Intended to track the success of environmental enhancement projects and source controls on supporting water quality 

and habitat. 

 

Stormwater Management Metrics 

Intended to track the implementation and maintenance of stormwater source controls (which include manufactured 

treatment devices). 

 

11.2 Monitoring Plan 

We assessed the recommended monitoring parameters from Metro Vancouver’s AMF (2014) and the ISMP Template 

(2005) to create a suite of indicators capable of tracking the success of the ISMP and the short-term and long-term 

health of the watershed. Metrics are described under their corresponding categories below. We are also 

recommending an additional metric related to stormwater management. 

 

11.2.1 Environmental Metrics 

The Northwest Langley Industrial Catchment consists primarily of impervious area and does not contain any significant 

watercourses. Some of the environmental monitoring actions recommended in Metro Vancouver’s AMF, such as of 

benthic invertebrates and natural channel flow monitoring, are not directly applicable to this catchment given the land 

use designation. The following environmental metrics are recommended to help track progress and ensure a 

successful ISMP Implementation.  

 

A program to eliminate point source pollution, as discussed in Section 7.1, should be guided by the ongoing monitoring 

of environmental metrics. Water quality testing should be used to identify sources of point source pollution.  
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Metric 1 – Water Quality Monitoring 

Monitoring water quality at key locations within the watershed can provide insight into the success of the ISMP and 

identify areas of concern where mitigative measures may be required. Results from the water quality sampling 

program completed by AE are included in Appendix B. 

 

Metro Vancouver’s AMF suggests water quality monitoring be done in low gradient, high gradient, and piped systems 

every five years at minimum, with samples taken twice per sampling year – once in the dry season (July to August) and 

once in the wet season (November to December). The recommended sampling procedure is to collect 5 samples over 

a 30-day period on a weekly basis. The AMF recommends testing dissolved oxygen, temperature, turbidity, pH, 

conductivity, nitrate, E. coli, fecal coliforms, total iron, total copper, total lead, total zinc, total cadmium, and polycyclic 

aromatic hydrocarbons (PAH). 

 

In addition to the primary constituents outlined above, Total Suspended Solids (TSS) should be monitored. Most water 

quality source controls are designed based on TSS removal efficiency. Therefore, information on TSS loading and 

removal efficiencies can assist in selecting source controls on future projects. We note that TSS is less indicative of 

issues in natural watercourses than in piped systems, and this should be considered in the analysis of results. 

 

The outfall to the Fraser River provides an ideal location to gather monitoring data and will provide an overall 

understanding of the water quality within the drainage system. It would also be beneficial to conduct monitoring 

upstream in the drainage system, rotating the second location between several sites, to help identify sources of 

pollution. 

 

Indicators/Measurements: Water quality monitoring of the following parameters: 

• Dissolved oxygen. 

• Temperature. 

• Turbidity. 

• Total Suspended Solids. 

• pH. 

• Conductivity. 

• Nitrate. 

• E. coli. 

• Fecal coliforms. 

• Total iron, total copper, total lead, total zinc and total cadmium. 

• Polycyclic aromatic hydrocarbons (PAH). 

 

Timing / Triggers: Two sampling periods per year (wet season and dry season) as per the AMF on a maximum 

repeated cycle of five years. Additional sampling should be conducted if spills are reported, or if Township staff 

observe potential water quality issues. 

 

Benchmark: Metro Vancouver’s AMF provides guidelines on acceptable levels for the parameters listed above, which 

can be seen in Table 11-1.  
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Table 11-1 
Classification of Water Quality Results (Metro Vancouver, 2014) 

General Parameters Good Level Satisfactory Level Need Attention Level 

Dissolved Oxygen (mg/L) ≥ 11 6.5 to < 11 < 6.5 

pH 6.5 to 9 6 to < 6.5 or > 9 to 9.5 < 6 or > 9.5 

Water Temperature (°C) – 
Low Flow, Summer 

< 16 16 to 18 > 18 

Water Temperature (°C) – 
Wet Weather, Fall/Winter 

7 to 12 5 to < 7 or > 12 to 14 < 5 or > 14 

Conductivity (µS/cm) < 50 50 to 200 > 200 

Turbidity (NTU) ≤ 5 > 5 to 25 > 25 

Nitrate as Nitrogen (mg/L) < 2 2 to 5 > 5 

E. Coli - Freshwater 
(CFU/100mL) 

Geomean ≤ 77 Geomean between 78 ‐ 385 Geomean > 385 

Fecal Coliform 
(CFU/100mL) 

Geomean ≤ 200 Geomean between 201 ‐ 1,000 Geomean > 1,000 

Iron (µg/L) < 800 800 to 5,000 > 5,000 

Cadmium (µg/L) < 0.06 0.06 to 0.34 > 0.34 

Copper (µg/L) < 3 3 to 11 > 11 

Lead (µg/L) < 5 5 to 30 > 30 

Zinc (µg/L) < 6 6 to 40 > 40 

 

Metric 2 – Spill Reporting 

We recommend that a spill reporting mechanism be in place to protect the health of the watershed from the release of 

contaminants. The program will help to prevent, prepare for, mitigate, and respond to spills. Cataloguing and tracking 

spills will also help identify trends and the types of contaminant releases in the watershed, improving the ability of the 

Township to eliminate or mitigate the impact of specific pollutants.  

 

The program will rely on reporting by residents and business owners in the area. With well-documented spill reporting, 

the Township can identify regions that are particularly high-risk for spills. Even if the magnitude of most spills is minor, 

the reporting can identify problem areas that may one day lead to a greater magnitude spill if pre-emptive mitigative 

measures are not undertaken. Well-documented spill reporting may also identify the types of development that are 

most prone to harmful spills. If a correlation between certain types of development and problematic spills is identified, 

the Township may wish to improve spill containment measures for these types of developments. 

 

Individuals can report spills using any of the following numbers: 

• Township of Langley Engineering Department (business hours) 604.532.7300 

• Township of Langley Engineering Department (24-hour)  604.532.6700  

• Provincial Emergency Program, Emergency Management BC 1.800.663.3456 

• Environment Canada, Environmental Emergencies  604.666.6100 

• Department of Fisheries and Oceans 24-hr Hotline  604.666.3500 
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For the reporting program to be most effective, the Township should create and maintain a database that includes the 

following information for each reported spill: 

• Contact information for reporting individual (voluntary). 

• Location and time of the spill. 

• Type and quantity of substance spilled. 

• Natural watercourse(s) potentially impacted by the spill. 

• Cause of the spill. 

• Contact information for polluting individual (if available). 

• Names of agencies on the scene. 

• Names of other persons or agencies advised concerning the spill. 

• Details of actions proposed to stop / contain / minimize the effects of the spill. 

• Details of actions taken to stop / contain / minimize the effects of the spill. 

• Details of further action required / taken. 

 

Three or more occurrences of reportable spills should trigger a comprehensive review of the cause and should trigger 

mitigation work. Action should also be taken for every occurrence of major spills. For example, three releases of 

hydrocarbons due to accidents at a high-collision intersection should trigger the Township to correct the issue to 

reduce the likelihood of a crash, or apply mitigating technology (e.g. oil-water separators) immediately upstream of the 

receiving waters.  

 

Indicator / Measurement: Number and details of reported spills. 

 

Timing / Triggers: When a spill has been reported. Detailed analysis and mitigative measures to be undertaken when 

three or more minor spills reported at one location, and for every medium / major spill reported. 

 

Benchmark: No unreported spills. 

 

11.2.2 Land Use Metrics 

Metro Vancouver’s AMF provides guidance on some supplemental monitoring actions, including land use metrics such 

as the percentage of effective impervious area and the percentage of intact riparian buffer area. Given the industrial 

nature of the Northwest Langley Industrial Catchment and no prediction of significant land use changes, the amount 

of impervious area will likely remain very high and not drastically change with future redevelopments. For this reason, 

tracking land use changes such as the percentage of total impervious area (TIA) and the percentage of intact riparian 

buffer area are essentially irrelevant to this study area.  

 

Tracking the effective impervious area (EIA) could be used as an opportunity to determine if the improvement 

projects, such as implementation of stormwater source controls, are effectively alleviating stress on the drainage 

system. It could also be used in the implementation of a stormwater utility fee, if such a fee is implemented. 

 

Metric 3 – Percent Effective Impervious Area (EIA) 

Effective impervious area (EIA) is defined as impervious surfaces that are connected to a drainage system via sheet 

flow or discrete conveyance (e.g. roof downspouts discharging to lawns rather than storm pipes). The NLIC consists 

primarily of land use designations associated with impervious surfaces, and significant changes in land use designation 

are not expected in the future. EIA can be an effective metric to track the implementation of this ISMP because it will 
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allow the Township to track the changes in EIA as more BMPs are implemented, even though the total impervious 

area (TIA) may not be changing.  

 

A common approach for estimating EIA values is to use flow monitoring data to back-calculate EIA. This is often 

completed as a calibration step in detailed hydrologic and hydraulic modelling assignments and requires flow 

monitoring data for a known rainfall event(s). Under this approach, the hydraulic model results are compared to the 

observed flow data for a known rainfall event. The EIA values within the hydrologic component of the model are then 

adjusted, and the model results are again compared to the observed flow data. This iterative process is continued until 

the modelled results exhibit a strong correlation with the observed flow data. 

 

However, EIA is not the only parameter that can be adjusted within the hydrologic component of the model. Other 

parameters include infiltration values, initial abstractions, and the physical parameters for each catchment such as 

overland slope, flow length, and flow width. As such, this approach only provides limited detail in terms of assessing 

EIA.  

 

Multiple flow monitoring locations with several years of accurate flow monitoring data are required to establish a 

more detailed breakdown of EIA values by land use or by neighbourhood. The initial assessment of EIA should be 

established using a variety of rainfall events to capture the full spectrum of the hydraulic response of the system. 

Efforts should then be made in subsequent years to select rainfall / runoff events with similar characteristics to those 

used in establishing the baseline value. 

 

Once the initial assessment has been completed to establish the baseline EIA value for a portion(s) of the study area, 

additional hydrometric monitoring data can be used to identify changes in EIA. Increases in EIA will become evident if 

the observed flow rates for known rainfall events continually exceed the hydraulic response predicted by the 

calibrated model. Conversely, reductions in EIA will become evident if the observed flow rates are less than the values 

estimated by the calibrated model. Refer to the AMF for supplemental information on calculating EIA. 

 

Indicator / Measurement: Percentage of effective impervious area for watersheds with hydrometric data. 

 

Timing / Triggers: Baseline value established within the first year of ISMP implementation; reassessed every four 

years, after major development / redevelopment projects, and after any significant changes to routing characteristics. 

 

Benchmark: Established based on initial monitoring program. 

 

11.2.3 Stormwater Management Metrics 

A key improvement project recommended within this ISMP is the implementation of stormwater source controls to 

help meet water quality and quantity objectives. Tracking implementation of source controls can provide benefit to 

the Township by helping evaluate the effectiveness of improvement projects after they have been implemented. The 

ongoing implementation of stormwater controls, both on-site and within Township ROWs, can be compared to the 

results of any ongoing water quality monitoring and flow monitoring. The tracking of stormwater management devices 

will also assist with maintenance and inspection programs. 

 

Metric 4 – Stormwater Source Control Tracking  

Stormwater source control tracking can be beneficial to the Township by allowing the performance of existing and 

newly implemented units to be monitored. A simple list can be created to track the number and location of new source 

controls allowing the percentage of sites in the catchment with on-site runoff treatment to be tracked. The Township 
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may also wish to survey property owners and record drawings to create a record of existing stormwater management 

facilities on private property. 

 

The tracking data should be used in conjunction with water quality testing data to determine if improvements in water 

quality result from the implementation of source controls within the catchment. If flow monitoring is completed (such 

as to track EIA) the results can also be compared to the tracking data. Information on the implementation of source 

controls can also be used to help adjust estimates of EIA.  

 

The comparison of these datasets can then help determine if the stormwater improvement projects are being designed 

and installed correctly. 

 

Indicator / Measurement: Database including the number / location of source controls and the area of a property 

routed through these facilities. 

 

Timing / Triggers: Every time a new stormwater source control is constructed. 
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CLOSURE 

This report was prepared for the Township of Langley to provide an integrated stormwater management plan through 

the analysis of existing and future drainage conditions to develop recommendations for proceeding with re-

development and densification while protecting and enhancing environmental capital. 

 

The services provided by Associated Engineering (B.C.) Ltd. in the preparation of this report were conducted in a 

manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under 

similar conditions. No other warranty expressed or implied is made. 
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APPENDIX A - PHOTOS 

 

 

 

 





     

 
Northwest Langley Industrial  

Catchment ISMP- Environmental Study 
Project Number: 2018-2364 

Site Visit photos 

Date: 
Nov. 21, 2018 

Data Sources:     
Field Photos          

Aug. 8 and Oct. 
24, 2018 

Prepared For:  
Drawn by: CH/SB 

  

 
Photo 1: Upstream view of Watercourse 1 (Class A watercourse) and concrete box culvert. Photo 2: Downstream view of Watercourse 1 (Class A watercourse) from 98A Avenue. 

 
 

  

Photo 3: Downstream view of riffle habitat in Watercourse 1 (Class A watercourse). Photo 4: Turbid, milky water in Watercourse 1 (Class A watercourse) on August 14, 2018.  

 
 



     

 
Northwest Langley Industrial  

Catchment ISMP- Environmental Study 
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Site Visit photos 
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Nov. 21, 2018 

Data Sources:     
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Aug. 8 and Oct. 
24, 2018 

Prepared For:  
Drawn by: CH/SB 

  

Photo 5: Downstream view of Watercourse 2 (railway ditch). Photo 6: Upstream view of Watercourse 3 (drainage channel). 

 
 

  

Photo 7: Downstream view of intermittently wetted sections of Watercourse 3 (drainage 
channel). 

Photo 8: Downstream portion of Watercourse 3 (drainage channel) converted to concrete 
flume. 
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Nov. 21, 2018 

Data Sources:     
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Aug. 8 and Oct. 
24, 2018 

Prepared For:  
Drawn by: CH/SB 

  

Photo 9: Downstream view of filled in retention pond at 199A Street. Photo 10: South view of retention pond south of 96 Avenue. 

 
 

  

Photo 11: Southeast view of retention pond at 96 Avenue / 201 Street intersection. Photo 12:  Riparian forest along the red-coded watercourse. 



     

 
Northwest Langley Industrial  

Catchment ISMP- Environmental Study 
Project Number: 2018-2364 

Site Visit photos 

Date: 
Nov. 21, 2018 

Data Sources:     
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Aug. 8 and Oct. 
24, 2018 

Prepared For:  
Drawn by: CH/SB 

  

Photo 13: Remnant wetland vegetation at retention pond along 199A St. Photo 14: Young forest north of 96 Ave and west of 203 St. 

 
 

  

Photo 15: Agricultural land south of 96 Ave and west of 201 St. Photo 16: Typical example of industrial activity which dominates the watershed. 

 



Township of Langley 
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APPENDIX B - WATER QUALITY MONITORING RESULTS 

 

 





Drainage Name: North Langley Industrial Catchment Municipality: Langley TWP
Site Location: 19633 98A Ave UTM Zone 10

8-Aug-18 14-Aug-18 20-Aug-18 24-Aug-18 28-Aug-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) 19.1 19.2 18.5 18.0 20.1 NA 8-17⁷ NA NA 19.0 19 NA
Dissolved Oxygen (mg/L) 9.40 6.38 5.24 7.39 5.63 NA < 5 NA NA 6.81 < 8 NA
Conductivity (uS/cm) 337 330 353 288 301 NA NA NA NA 322 NA NA
pH (rel. units) 6.8 7.1 6.5 7.4 6.6 NA 6.5-9 6.5-9 5.5-10.5 6.9 6.5-9 6.5-9
Turbidity (NTU) 30.5 49.4 124 145 31.8 NA NA NA NA 76.0 NA NA
Hardness (mg/L) 76.3 77.6 51.5 81.5 83.1 NA NA NA NA 74.0 NA NA
Nitrate (as Nitrogen, mg/L) 0.228 0.578 1.25 0.59 0.683 400 32.8 550 NA 0.666 3.0 13
Total Iron (mg/L) 0.34 0.55 0.56 0.79 0.45 NA 1 0.3 10 0.54 NA 0.3
Total Cadmium (mg/L) 0.00007 0.000065 0.000178 0.0638 0.0016 Variable⁸ Variable⁹ 0.001 0.2 0.0131426 Variable¹⁰ 0.00009
Total Copper (mg/L) 0.0117 0.0163 0.0221 0.0174 0.00784 Variable¹¹ Variable¹² NA 2 0.0151 Variable¹³ 0.002
Total Lead (mg/L) 0.00054 0.00061 0.0005 0.00191 0.00048 Variable¹⁴ Variable¹⁵ NA 1 0.00081 Variable¹⁶ 0.001
Total Zinc (mg/L) 0.0803 0.0907 0.1980 0.1350 0.0609 Variable¹⁷ Variable¹⁸ 0.037 3 0.113 Variable¹⁹ 0.007
Fecal Coliforms (CFU/100mL) overgrown 150000 2800000 3300 24000 NA NA NA NA 744325 200²⁰ NA
E. coli (CFU/100mL) overgrown 150000 <100000 600 16000 NA 400²⁰ NA NA 55533 200²⁰ NA

16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) 12.7 8.9 11.8 11.2 9.7 NA 3.4 to 13.8⁷ NA NA 10.9 19 NA
Dissolved Oxygen (mg/L) 10.33 9.58 10.67 8.88 9.82 NA < 5 NA NA 9.86 < 8 NA
Conductivity (uS/cm) 228 104 159 295 204 NA NA NA NA 198 NA NA
pH (rel. units) 7.27 6.52 6.90 6.66 6.29 NA 6.5 to 9 6.5 to 9 5.5 to 10.5 6.7 6.5-9 6.5-9
Turbidity (NTU) 9.3 25.7 19.1 35.7 22.8 NA NA NA NA 22.5 NA NA
Hardness (mg/L) 74.1 29.8 59.2 106.0 63.1 NA NA NA NA 66.4 NA NA
Nitrate (as Nitrogen, mg/L) 1.37 0.493 1.25 1.70 0.95 400 NA 550 NA 1.15 3.0 13
Total Iron (mg/L) 0.52 0.74 0.98 0.67 1.18 NA 1 0.3 10 0.82 NA 0.3
Total Cadmium (mg/L) 0.000071 0.000079 0.000106 0.000122 0.000167 Variable⁸ Variable⁹ 0.001 0.2 0.000109 Variable 0.00009
Total Copper (mg/L) 0.0045 0.00594 0.00721 0.0188 0.0102 Variable¹¹ Variable¹² NA 2 0.0093 Variable 0.002
Total Lead (mg/L) 0.0004 0.0014 0.0014 0.00161 0.00165 Variable¹⁴ Variable¹⁵ NA 1 0.0013 Variable 0.001
Total Zinc (mg/L) 0.0332 0.0479 0.0491 0.1700 0.0663 Variable¹⁷ Variable¹⁸ 0.037 3 0.0733 Variable 0.007
Fecal Coliforms (CFU/100mL) 1100 450 710 90000 2200 NA NA NA NA 18892 200²⁰ NA
E. coli (CFU/100mL) 700 450 210 10000 1900 NA 400²⁰ NA NA 2652 200²⁰ NA
Surfactants (mg/L) - - - - <0.050 NA NA NA NA - NA NA
Total Oil and Grease (mg/L) - - - - 2 NA NA NA 150 - NA NA
Mineral Oil and Grease (mg/L) - - - - 1 NA NA NA NA - NA NA
Non-Mineral Oil and Grease (mg/L) - - - - 1 NA NA NA 15 - NA NA
Notes
Value exceeds CSR guideline
Value exceeds BC ENV guideline
Value exceeds CCME guideline
Value exceeds GVSDD guideline
- indicates no sample was taken
NA indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²British Columbia Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Short-term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Short Term Guidelines
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299
⁵Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Long-term Average Water Quality Guidelines
⁶Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Long Term Guidelines
⁷8-17°C is the optimum temperature range for Coho salmon during the rearing lifestage (April to September), 3.4-13.8°C is the optimum temperature range for Coho salmon during the spawning lifestage (November to December)
⁸Depends on hardness: < 30 mg/L CaCO3 = 0.0005 mg/L Cd, 30-90 mg/L CaCO3 = 0.0015 mg/L Cd, 90-150 mg/L CaCO3 = 0.0025 mg/L Cd, 150-210 mg/L CaCO3 = 0.0035 mg/L Cd, >210 mg/L CaCO3 = 0.004 mg/L Cd
⁹Formula = e^(1.03*ln(hardness) - 5.274)
¹⁰Formula = e^(0.736*ln(hardness)-4.943)*0.001

¹²Formula = 0.001(0.094*hardness+2)

¹⁴Depends on hardness: <50 mg/L CaCO3 = 0.04 mg/L Pb, 50-100 mg/L CaCO3 = 0.05 mg/L Pb, 100-200 mg/L CaCO3 = 0.06 mg/L Pb, 200-300 mg/L CaCO3 = 110 mg/L Pb, >300 mg/L CaCO3 = 0.16 mg/L Pb
¹⁵Formula = e^(1.273 ln(hardness) - 1.460)*0.001
¹⁶Formula = (3.31 + e^(1.273*ln(hardness)-4.704))*0.001
¹⁷Depends on hardness: <90 mg/L CaCO3 = 0.075 mg/L Zn, 90-100 mg/L CaCO3 = 0.15 mg/L Zn, 100-200 mg/L CaCO3 = 0.9 mg/L Zn, 200-300 mg/L CaCO3 = 1.65 mg/L Zn, 300-400 mg/L CaCO3 = 2.4 mg/L Zn
¹⁸Depends on hardness: <90 mg/L CaCO3 = 0.033 mg/L Zn, 100-200 mg/L CaCO3 = 0.115 mg/L Zn
¹⁹Depends on water hardness: <90 mg/L CaCO3 = 0.0075 mg/L Zn, 90-100 mg/L CaCO3 = 0.015 mg/L Zn, 100-200 mg/L CaCO3 = 0.09 mg/L Zn, 200-300 mg/L CaCO3 = 0.165 mg/L Zn, 400 mg/L CaCO3 = 0.24 mg/L Zn
²⁰British Columbia Ministry of Environment and Climate Change Strategy (ENV). 2017. BC Recreational Water Quality Guidelines

¹³Formula = 0.04*(hardness)*0.001

Wet Season

Parameter

Parameter Short-term Guidelines (mg/L)

Short-term Guidelines (mg/L)

Long-term Guidelines (mg/L)

¹¹Depends on hardness: <50 mg/L CaCO3 = 0.02 mg/L Cu, 50-75 mg/L CaCO3 = 0.03 mg/L Cu, 75-100 mg/L CaCO3 = 0.04 mg/L Cu, 100-125 mg/L CaCO3 = 0.05 mg/L Cu, 125-150 mg/L CaCO3 = 0.06 
mg/L Cu, 150-175 mg/L CaCO3 = 0.07 mg/L Cu, 175-200 mg/L CaCO3 = 0.08 mg/L Cu, >200 mg/L CaCO3 = 0.09 mg/L Cu

Long-term Guidelines (mg/L)

Water Quality Monitoring Results - Site 1 (Class A Watercourse)
Project No: 2018-2364

Dry Season
Easting: 523542 Northing: 5447928



Drainage Name: North Langley Industrial Catchment Municipality: Langley TWP
Site Location: 9844 199A St UTM Zone 10

8-Aug-18 14-Aug-18 20-Aug-18 24-Aug-18 28-Aug-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) 20.4 21.8 20.9 20.3 18.8 NA 8-17⁷ NA NA 20.4 19 NA
Dissolved Oxygen (mg/L) 9.28 5.47 5.09 6.47 8.32 NA < 5 NA NA 6.93 < 8 NA
Conductivity (uS/cm) 252 199 231 195 251 NA NA NA NA 226 NA NA
pH (rel. units) 6.7 6.5 6.7 7.2 7.0 NA 6.5-9 6.5-9 5.5-10.5 6.8 6.5-9 6.5-9
Turbidity (NTU) 253 618 59.4 161 282 NA NA NA NA 275 NA NA
Hardness (mg/L) 63.9 51.2 51.5 50.1 66.3 NA NA NA NA 56.6 NA NA
Nitrate (as Nitrogen, mg/L) <0.01 <0.01 0.011 0.528 0.348 400 32.8 550 NA 0.296 3.0 13
Total Iron (mg/L) 6.74 0.97 1.00 1.74 6.82 NA 1 0.3 10 3.45 NA 0.3
Total Cadmium (mg/L) 0.000432 0.000086 0.000098 0.167 0.0174 Variable⁸ Variable⁹ 0.001 0.2 0.0370032 Variable¹⁰ 0.00009
Total Copper (mg/L) 0.068 0.034 0.024 0.027 0.041 Variable¹¹ Variable¹² NA 2 0.03872 Variable¹³ 0.002
Total Lead (mg/L) 0.00857 0.00153 0.00346 0.00283 0.00705 Variable¹⁴ Variable¹⁵ NA 1 0.004688 Variable¹⁶ 0.001
Total Zinc (mg/L) 0.497 0.971 0.200 0.472 0.460 Variable¹⁷ Variable¹⁸ 0.037 3 0.52 Variable¹⁹ 0.007
Fecal Coliforms (CFU/100mL) overgrown 100000 174000000 >30000 90000 NA NA NA NA 58063333.33 200²⁰ NA
E. coli (CFU/100mL) overgrown 100000 1000000 3000 30000 NA 400²⁰ NA NA 283250 200²⁰ NA

16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) 14.1 11.7 13.0 11.0 12.1 NA 3.4 to 13.8⁷ NA NA 12.4 19 NA
Dissolved Oxygen (mg/L) 11.38 9.91 11.77 6.86 9.98 NA < 5 NA NA 9.98 < 8 NA
Conductivity (uS/cm) 138 105 144 207 179 NA NA NA NA 155 NA NA
pH (rel. units) 7.3 7.0 7.1 7.2 6.9 NA 6.5 to 9 6.5 to 9 5.5 to 10.5 7.1 6.5-9 6.5-9
Turbidity (NTU) 45.1 11.1 34.6 18.1 219 NA NA NA NA 65.6 NA NA
Hardness (mg/L) 72.2 49.6 67.0 86 70.6 NA NA NA NA 69.1 NA NA
Nitrate (as Nitrogen, mg/L) 2.10 1.61 2.28 2.07 1.65 400 NA 550 NA 1.94 3.0 13
Total Iron (mg/L) 0.286 0.224 0.365 0.459 0.558 NA 1 0.3 10 0.378 NA 0.3
Total Cadmium (mg/L) 0.00005 0.000077 0.00008 0.000043 0.00678 Variable⁸ Variable⁹ 0.001 0.2 0.001406 Variable¹⁰ 0.00009
Total Copper (mg/L) 0.00629 0.0067 0.0104 0.01 0.00774 Variable¹¹ Variable¹² NA 2 0.00823 Variable¹³ 0.002
Total Lead (mg/L) <0.0002 0.00026 0.00041 0.00028 0.00094 Variable¹⁴ Variable¹⁵ NA 1 0.000473 Variable¹⁶ 0.001
Total Zinc (mg/L) 0.0274 0.0384 0.0688 0.075 0.812 Variable¹⁷ Variable¹⁸ 0.037 3 0.2043 Variable¹⁹ 0.007
Fecal Coliforms (CFU/100mL) 30000 1300 24000 8240 3800 NA NA NA NA 13468 1000 NA
E. coli (CFU/100mL) 17000 1300 12000 8000 2200 NA 400²⁰ NA NA 8100 200 NA
Notes
Value exceeds CSR guideline
Value exceeds BC ENV guideline
Value exceeds CCME guideline
Value exceeds GVSDD guideline
- indicates no sample was taken
NA indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²British Columbia Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Short-term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Short Term Guidelines
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299
⁵British Columbia Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Long-term Average Water Quality Guidelines
⁶Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Long Term Guidelines
⁷8-17°C is the optimum temperature range for Coho salmon during the rearing lifestage (April to September), 3.4-13.8°C is the optimum temperature range for Coho salmon during the spawning lifestage (November to December)
⁸Depends on hardness: < 30 mg/L CaCO3 = 0.0005 mg/L Cd, 30-90 mg/L CaCO3 = 0.0015 mg/L Cd, 90-150 mg/L CaCO3 = 0.0025 mg/L Cd, 150-210 mg/L CaCO3 = 0.0035 mg/L Cd, >210 mg/L CaCO3 = 0.004 mg/L Cd
⁹Formula = e^(1.03*ln(hardness) - 5.274)
¹⁰Formula = e^(0.736*ln(hardness)-4.943)*0.001

¹²Formula = 0.001(0.094*hardness+2)

¹⁴Depends on hardness: <50 mg/L CaCO3 = 0.04 mg/L Pb, 50-100 mg/L CaCO3 = 0.05 mg/L Pb, 100-200 mg/L CaCO3 = 0.06 mg/L Pb, 200-300 mg/L CaCO3 = 110 mg/L Pb, >300 mg/L CaCO3 = 0.16 mg/L Pb
¹⁵Formula = e^(1.273 ln(hardness) - 1.460)*0.001
¹⁶Formula = (3.31 + e^(1.273*ln(hardness)-4.704))*0.001
¹⁷Depends on hardness: <90 mg/L CaCO3 = 0.075 mg/L Zn, 90-100 mg/L CaCO3 = 0.15 mg/L Zn, 100-200 mg/L CaCO3 = 0.9 mg/L Zn, 200-300 mg/L CaCO3 = 1.65 mg/L Zn, 300-400 mg/L CaCO3 = 2.4 mg/L Zn
¹⁸Depends on hardness: <90 mg/L CaCO3 = 0.033 mg/L Zn, 100-200 mg/L CaCO3 = 0.115 mg/L Zn
¹⁹Depends on water hardness: <90 mg/L CaCO3 = 0.0075 mg/L Zn, 90-100 mg/L CaCO3 = 0.015 mg/L Zn, 100-200 mg/L CaCO3 = 0.09 mg/L Zn, 200-300 mg/L CaCO3 = 0.165 mg/L Zn, 400 mg/L CaCO3 = 0.24 mg/L Zn
²⁰ British Columbia Ministry of Environment and Climate Change Strategy (ENV). 2017. BC Recreational Water Quality Guidelines

Water Quality Monitoring Results - Site 2 (APS Manhole)
Project No: 2018-2364

Dry Season
Easting: 524250 Northing: 5447653

Parameter

Long-term Guidelines (mg/L)

¹³Formula = 0.04*(hardness)*0.001

¹¹Depends on hardness: <50 mg/L CaCO3 = 0.02 mg/L Cu, 50-75 mg/L CaCO3 = 0.03 mg/L Cu, 75-100 mg/L CaCO3 = 0.04 mg/L Cu, 100-125 mg/L CaCO3 = 0.05 mg/L Cu, 125-150 mg/L CaCO3 = 0.06 mg/L Cu, 
150-175 mg/L CaCO3 = 0.07 mg/L Cu, 175-200 mg/L CaCO3 = 0.08 mg/L Cu, >200 mg/L CaCO3 = 0.09 mg/L Cu

Long-term Guidelines (mg/L)

Parameter
Short-term Guidelines (mg/L)

Wet Season

Short-term Guidelines (mg/L)



Drainage Name: North Langley Industrial Catchment Municipality: Langley TWP
Site Location: 19594 96 Ave UTM Zone 10

8-Aug-18 14-Aug-18 20-Aug-18 24-Aug-18 28-Aug-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) - 24.2 26.7 16.5 16.6 NA 8-17⁷ NA NA 21.0 19 NA
Dissolved Oxygen (mg/L) 7.80 10.12 9.80 7.23 6.86 NA < 5 NA NA 8.36 < 8 NA
Conductivity (uS/cm) 618 487 479 391 244 NA NA NA NA 444 NA NA
pH (rel. units) 7.1 7.6 9.1 7.0 6.5 NA 6.5-9 6.5-9 5.5-10.5 7.5 6.5-9 6.5-9
Turbidity (NTU) 134 8.33 35.90 3.38 12.17 NA NA NA NA 38.76 NA NA
Hardness (mg/L) 152.0 143.0 125.0 113.0 90.8 NA NA NA NA 124.8 NA NA
Nitrate (as Nitrogen, mg/L) <0.01 0.448 0.029 0.213 1.15 400 32.8 550 NA 0.460 3.0 13
Total Iron (mg/L) 5.94 4.73 5.39 0.492 1.15 NA 1 NA 10 3.54 NA 0.3
Total Cadmium (mg/L) 0.000724 0.000504 0.000505 0.000895 0.000093 Variable⁸ Variable⁹ 0.001 0.2 0.000544 Variable¹⁰ 0.00009
Total Copper (mg/L) 0.0411 0.0324 0.032 0.00656 0.00809 Variable¹¹ Variable¹² NA 2 0.02403 Variable¹³ 0.002
Total Lead (mg/L) 0.126 0.0118 0.00975 0.00205 0.00119 Variable¹⁴ Variable¹⁵ NA 1 0.03016 Variable¹⁶ 0.001
Total Zinc (mg/L) 0.689 0.66 0.653 0.0848 0.139 Variable¹⁷ Variable¹⁸ 0.037 3 0.4452 Variable¹⁹ 0.007
Fecal Coliforms (CFU/100mL) overgrown 2000 106000 13000 50000 NA NA NA NA 42750 200²⁰ NA
E. coli (CFU/100mL) overgrown 2000 13000 200 24000 NA 400²⁰ NA NA 9800 200²⁰ NA

16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18
1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶

Temperature (Celsius) 10.79 7.7 11.0 7.5 7.9 NA 3.4 to 13.8⁷ NA NA 9.0 19 NA
Dissolved Oxygen (mg/L) 7.79 9.40 9.00 8.74 6.77 NA < 5 NA NA 8.34 < 8 NA
Conductivity (uS/cm) 214 41.2 97.3 442 109 NA NA NA NA 181 NA NA
pH (rel. units) 7.0 6.3 6.4 6.6 5.8 NA 6.5 to 9 6.5 to 9 5.5 to 10.5 6.4 6.5-9 6.5-9
Turbidity (NTU) 2.7 5.6 2.4 1.21 2.45 NA NA NA NA 2.87 NA NA
Hardness (mg/L) 67.4 16.1 37.0 161.0 40.6 NA NA NA NA 64.4 NA NA
Nitrate (as Nitrogen, mg/L) 0.62 0.166 0.347 1.31 0.361 400 NA 550 NA 0.561 3.0 13
Total Iron (mg/L) 0.324 0.242 0.225 0.251 0.261 NA 1 0.3 10 0.261 1 0.3
Total Cadmium (mg/L) 0.000084 0.000052 0.000056 0.000094 0.000082 Variable⁸ Variable⁹ 0.001 0.2 0.000074 Variable¹⁰ 0.00009
Total Copper (mg/L) 0.00483 0.00316 0.00388 0.00124 0.00235 Variable¹¹ Variable¹² NA 2 0.00309 Variable¹³ 0.002
Total Lead (mg/L) 0.0005 0.00047 0.00029 <0.0002 0.00037 Variable¹⁴ Variable¹⁵ NA 1 0.00041 Variable¹⁶ 0.001
Total Zinc (mg/L) 0.0811 0.0478 0.0554 0.0425 0.0754 Variable¹⁷ Variable¹⁸ 0.037 3 0.0604 Variable¹⁹ 0.007
Fecal Coliforms (CFU/100mL) 50 200 10 20 80 NA NA NA NA 72 200²⁰ NA
E. Coli (CFU/100mL) 30 200 10 20 80 NA 400²⁰ NA NA 68 200²⁰ NA
Notes
Value exceeds CSR guideline
Value exceeds BC ENV guideline
Value exceeds CCME guideline
Value exceeds GVSDD guideline
- indicates no sample was taken
NA indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Short-term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Short Term Guidelines
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299
⁵Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Long-term Average Water Quality Guidelines
⁶Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Long Term Guidelines
⁷Optimum temperature range for Coho salmon during the rearing lifestage (April to September)
⁸Depends on hardness: < 30 mg/L CaCO3 = 0.0005 mg/L Cd, 30-90 mg/L CaCO3 = 0.0015 mg/L Cd, 90-150 mg/L CaCO3 = 0.0025 mg/L Cd, 150-210 mg/L CaCO3 = 0.0035 mg/L Cd, >210 mg/L CaCO3 = 0.004 mg/L Cd
⁹Formula = e^(1.03*ln(hardness) - 5.274)
¹⁰Formula = e^(0.736*ln(hardness)-4.943)*0.001

¹²Formula = 0.001(0.094*hardness+2)

¹⁴Depends on hardness: <50 mg/L CaCO3 = 0.04 mg/L Pb, 50-100 mg/L CaCO3 = 0.05 mg/L Pb, 100-200 mg/L CaCO3 = 0.06 mg/L Pb, 200-300 mg/L CaCO3 = 110 mg/L Pb, >300 mg/L CaCO3 = 0.16 mg/L Pb
¹⁵Formula = e^(1.273 ln(hardness) - 1.460)*0.001
¹⁶Formula = (3.31 + e^(1.273*ln(hardness)-4.704))*0.001
¹⁷Depends on hardness: <90 mg/L CaCO3 = 0.075 mg/L Zn, 90-100 mg/L CaCO3 = 0.15 mg/L Zn, 100-200 mg/L CaCO3 = 0.9 mg/L Zn, 200-300 mg/L CaCO3 = 1.65 mg/L Zn, 300-400 mg/L CaCO3 = 2.4 mg/L Zn
¹⁸Depends on hardness: <90 mg/L CaCO3 = 0.033 mg/L Zn, 100-200 mg/L CaCO3 = 0.115 mg/L Zn
¹⁹Depends on water hardness: <90 mg/L CaCO3 = 0.0075 mg/L Zn, 90-100 mg/L CaCO3 = 0.015 mg/L Zn, 100-200 mg/L CaCO3 = 0.09 mg/L Zn, 200-300 mg/L CaCO3 = 0.165 mg/L Zn, 400 mg/L CaCO3 = 0.24 mg/L Zn
²⁰British Columbia Ministry of Environment and Climate Change Strategy (ENV). 2017. BC Recreational Water Quality Guidelines

¹¹Depends on hardness: <50 mg/L CaCO3 = 0.02 mg/L Cu, 50-75 mg/L CaCO3 = 0.03 mg/L Cu, 75-100 mg/L CaCO3 = 0.04 mg/L Cu, 100-125 mg/L CaCO3 = 0.05 mg/L Cu, 125-150 mg/L CaCO3 = 0.06 mg/L Cu, 
150-175 mg/L CaCO3 = 0.07 mg/L Cu, 175-200 mg/L CaCO3 = 0.08 mg/L Cu, >200 mg/L CaCO3 = 0.09 mg/L Cu

¹³Formula = 0.04*(hardness)*0.001

Long-term Guidelines (mg/L)

Long-term Guidelines (mg/L)

Water Quality Monitoring Results - Site 3 (Open Channel)
Project No: 2018-2364

Wet Season

Parameter Short-term Guidelines (mg/L)

Dry Season
Easting: 523351 Northing: 5447160

Parameter Short-term Guidelines (mg/L)



Drainage Name: North Langley Industrial Catchment Municipality: Langley TWP

Site Location: 9522 200 St UTM Zone 10 Easting: 524157 Northing: 5447121
16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18

1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶
Temperature (Celsius) - 9.0 11.1 - 8.2 NA 3.4 to 13.8⁷ NA NA 9.4 19 NA
Dissolved Oxygen (mg/L) - 10.81 10.20 - 10.43 NA < 5 NA NA 10.5 < 8 NA
Conductivity (uS/cm) - 44.4 131 - 194 NA NA NA NA 123 NA NA
pH (rel. units) - 6.69 7.16 - 6.59 NA 6.5-9 6.5-9 5.5-10.5 6.8 6.5-9 6.5-9
Turbidity (NTU) - 4.57 2.27 - 15.33 NA NA NA NA 7.4 NA NA
Fecal Coliforms (CFU/100mL) - 400 90 - 200 NA NA NA NA 230 200⁸ NA
E. Coli (CFU/100mL) - 200 80 - 200 NA 400⁸ NA NA 160 200⁸ NA

Site Location: 20011 96 Ave UTM Zone 10 Easting: 524240 Northing: 5447201
16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18

1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶
Temperature (Celsius) - 12.4 12.9 - 12.1 NA 3.4 to 13.8⁷ NA NA 12.5 19 NA
Dissolved Oxygen (mg/L) - 9.58 12.00 - 9.79 NA < 5 NA NA 10.5 < 8 NA
Conductivity (uS/cm) - 132 154 - 194 NA NA NA NA 160 NA NA
pH (rel. units) - 7.00 7.03 - 6.91 NA 6.5 to 9 6.5 to 9 5.5 to 10.5 7.0 6.5-9 6.5-9
Turbidity (NTU) - 3.37 2.00 - 3.41 NA NA NA NA 2.9 NA NA
Chloride (mg/L) - 15.9 17.5 - 32.5 1500 600 640 NA 22.0 150 120
Sulfate (mg/L) - 11.6 14.1 - 19.1 Variable⁹ NA NA 1500 14.9 Variable¹⁰ NA
Yeast (CFU/100mL) - 54 30 - 2000 NA NA NA NA 694.7 NA NA
BOD (mg/L) - - 8.1 - - NA NA NA 500 - NA NA
Surfactants (mg/L) - - - - <0.050 NA NA NA NA - NA NA
Total Oil and Grease (mg/L) - - - - <1 NA NA NA 150 - NA NA
Mineral Oil and Grease (mg/L) - - - - <1 NA NA NA NA - NA NA
Non-Mineral Oil and Grease (mg/L) - - - - <1 NA NA NA 15 - NA NA

Site Location: 9844 199A St UTM Zone 10
16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18 10-Dec-18

1 2 3 4 5 CSR (AW)¹ BC ENV² CCME³ GVSDD⁴ Mean BC ENV⁵ CCME⁶
Temperature (Celsius) - 11.7 13.0 - 12.1 NA 3.4 to 13.8⁷ NA NA 12.3 19 NA
Dissolved Oxygen (mg/L) - 9.91 11.77 - 9.98 NA < 5 NA NA 10.6 < 8 NA
Conductivity (uS/cm) - 105 144 - 179 NA NA NA NA 142.8 NA NA
pH (rel. units) - 7.00 7.05 - 6.92 NA 6.5-9 6.5-9 5.5-10.5 7.0 6.5-9 6.5-9
Turbidity (NTU) - 11.1 34.6 - 219 NA NA NA NA 88.3 NA NA
Chloride (mg/L) - 13.2 16.5 - 27.7 1500 600 640 NA 19.1 150 120
Sulfate (mg/L) - 9.3 12.8 - 15.3 Variable⁹ NA NA 1500 12.5 Variable¹⁰ NA
Yeast (CFU/100mL) - 66 20 - 1000 NA NA NA NA 362.0 NA NA
BOD (mg/L) - - 101 - - NA NA NA 500 - NA NA
Notes
Value exceeds CSR guideline
Value exceeds BC ENV guideline
Value exceeds CCME guideline
Value exceeds GVSDD guideline
- indicates no sample was taken
NA indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Short-term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Short Term Guidelines
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299
⁵Ministry of Environment & Climate Change Strategy (ENV). 2018. BC Approved Long-term Average Water Quality Guidelines
⁶Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life - Long Term Guidelines
⁷Optimum temperature range for Coho salmon during the spawning lifestage (November to December)
⁸British Columbia Ministry of Environment and Climate Change Strategy (ENV). 2017. BC Recreational Water Quality Guidelines
⁹Depends on hardness: <30 mg/L CaCO3 = 1280 mg/L SO4, 31-75 mg/L CaCO3 = 2180 mg/L SO4, 76-180 mg/L CaCO3 = 3090 mg/L SO4, 181-250 mg/L CaCO3 = 4290 mg/L SO4
¹⁰Depends on hardness: <30 mg/L CaCO3 = 128 mg/L SO4, 31-75 mg/L CaCO3 = 218 mg/L SO4, 76-180 mg/L CaCO3 = 309 mg/L SO4, 181-250 mg/L CaCO3 = 429 mg/L SO4

Long-term Guidelines (mg/L)

Long-term Guidelines (mg/L)

Long-term Guidelines (mg/L)

Short-term Guidelines (mg/L)

Water Quality Monitoring Results - Additional Sites
Project No: 2018-2364

Site 6 (Downstream)

Site 4 (Background)

Parameter

Site 5 (Upstream)

Parameter

Parameter
Short-term Guidelines (mg/L)

Easting: 524250 Northing: 5447653

Short-term Guidelines (mg/L)



Site Location 19633 98A Ave UTM Zone 10 Easting: 523542 Northing: 5447928
Monitoring Date: 20-Aug-18 24-Aug-18 28-Aug-18 10-Dec-18

CSR (AW)¹ BC ENV² CCME³ GVSDD⁴
Acenaphthene <0.050 <0.050 <0.050 <0.050 60 6.0 5.8 50
Acenaphthylene <0.200 <0.200 <0.200 <0.200 NA NA NA 50
Acridine <0.050 <0.120 0.346 <0.050 0.5 3 4.4 NA
Anthracene <0.010 <0.010 <0.010 <0.010 1 4 0.012 50
Benz(a)anthracene <0.010 <0.010 <0.010 0.021 1 0.1 0.018 50
Benzo(a)pyrene <0.010 <0.010 <0.010 0.01 0.1 0.01 0.015 50
Benzo(b+j)fluoranthene <0.050 <0.050 <0.050 <0.050 NA NA NA NA
Benzo(g,h,i)perylene <0.050 <0.050 <0.050 <0.050 NA NA NA 50
Benzo(k)fluoranthene <0.050 <0.050 <0.050 <0.050 NA NA NA 50
2-Chloronaphthalene <0.100 <0.100 <0.100 <0.100 NA NA NA NA
Chrysene <0.050 <0.050 <0.050 <0.050 1 NA NA 50
Dibenzo(a,h)anthracene <0.010 <0.010 <0.010 <0.010 NA NA NA 50
Fluoranthene <0.030 <0.030 <0.030 0.076 2 4 0.04 50
Fluorene <0.050 <0.050 <0.050 <0.050 120 12 3 50
Indeno(1,2,3-cd)pyrene <0.050 <0.050 <0.050 <0.050 NA NA NA 50
1-Methylnaphthalene 0.407 0.144 <0.100 <0.100 NA NA NA NA
2-Methylnaphthalene 0.818 0.281 <0.100 <0.100 NA NA NA NA
Naphthalene 0.883 0.449 <0.200 <0.200 10 1 1.1 50
Phenanthrene <0.100 <0.100 <0.100 <0.100 3 0.3 0.4 50
Pyrene <0.020 <0.020 <0.020 0.152 0.2 NA 0.025 50
Quinoline <0.050 <0.050 <0.050 <0.050 34 NA 3.4 NA

EPHw10-19 839 654 <250 <250 5,000 NA NA NA
EPHw19-32 1030 502 <250 965 NA NA NA NA
LEPHw 838 654 <250 <250 500 NA NA NA
HEPHw 1030 502 <250 965 NA NA NA NA

Site Location 9844 199A St  UTM Zone 10 Easting: 524250 Northing: 5447653
Monitoring Date: 20-Aug-18 24-Aug-18 28-Aug-18 10-Dec-18

CSR (AW)¹ BC ENV² CCME³ GVSDD⁴
Acenaphthene <0.050 <0.050 <0.050 - 60 6 5.8 50
Acenaphthylene <0.200 <0.200 <0.200 - NA NA NA 50
Acridine <0.289 <0.050 <0.050 - 0.5 3 4.4 NA
Anthracene <0.010 <0.010 <0.010 - 1 4 0.012 50
Benz(a)anthracene <0.010 <0.010 0.025 - 1 0.1 0.018 50
Benzo(a)pyrene <0.037 <0.010 <0.027 - 0.1 0.01 0.015 50
Benzo(b+j)fluoranthene <0.050 <0.050 0.127 - NA NA NA NA
Benzo(g,h,i)perylene <0.050 <0.050 <0.050 - NA NA NA 50
Benzo(k)fluoranthene <0.050 <0.050 <0.050 - NA NA NA 50
2-Chloronaphthalene <0.100 <0.100 <0.100 - NA NA NA NA
Chrysene <0.050 <0.050 <0.050 - 1 NA NA 50
Dibenz(a,h)anthracene <0.010 <0.010 <0.010 - NA NA NA 50
Fluoranthene 0.042 <0.030 0.112 - 2 4 0.04 50
Fluorene <0.050 <0.050 <0.050 - 120 12 3 50
Indeno(1,2,3-cd)pyrene <0.050 <0.050 <0.050 - NA NA NA 50
1-Methylnaphthalene 0.282 0.215 0.143 - NA NA NA NA
2-Methylnaphthalene 0.534 0.443 0.238 - NA NA NA NA
Naphthalene 0.599 0.589 0.225 - 10 1 1.1 50
Phenanthrene <0.100 <0.100 <0.100 - 3 0.3 0.4 50
Pyrene 0.055 <0.020 0.144 - 0.2 NA 0.025 50
Quinoline <0.050 <0.050 <0.050 - 34 NA 3.4 NA

EPHw10-19 1820 1250 1350 - 5,000 NA NA NA
EPHw19-32 3490 2230 3400 - NA NA NA NA
LEPHw 1810 1250 1350 - 500 NA NA NA
HEPHw 3490 2230 3400 - NA NA NA NA

Site Location 19594 96 Ave  UTM Zone 10 Easting: 523351 Northing: 5447160
Monitoring Date: 20-Aug-18 24-Aug-18 28-Aug-18 10-Dec-18

CSR (AW)¹ BC ENV² CCME³ GVSDD⁴
Acenaphthene <0.050 <0.050 <0.050 - 60 6 5.8 50
Acenaphthylene <0.200 <0.200 <0.200 - NA NA NA 50
Acridine <0.050 <0.050 <0.050 - 0.5 3 4.4 NA
Anthracene <0.010 <0.010 <0.010 - 1 4 0.012 50
Benz(a)anthracene <0.010 <0.010 <0.010 - 1 0.1 0.018 50
Benzo(a)pyrene <0.010 <0.010 <0.010 - 0.1 0.01 0.015 50
Benzo(b+j)fluoranthene <0.050 <0.050 <0.050 - NA NA NA NA
Benzo(g,h,i)perylene <0.050 <0.050 <0.050 - NA NA NA 50
Benzo(k)fluoranthene <0.050 <0.050 <0.050 - NA NA NA 50
2-Chloronaphthalene <0.100 <0.100 <0.100 - NA NA NA NA
Chrysene <0.050 <0.050 <0.050 - 1 NA NA 50
Dibenz(a,h)anthracene <0.010 <0.010 <0.010 - NA NA NA 50
Fluoranthene <0.030 <0.030 0.041 - 2 4 0.04 50
Fluorene <0.050 <0.050 <0.050 - 120 12 3 50
Indeno(1,2,3-cd)pyrene <0.050 <0.050 <0.050 - NA NA NA 50
1-Methylnaphthalene 0.25 <0.100 <0.100 - NA NA NA NA
2-Methylnaphthalene 0.509 <0.100 <0.100 - NA NA NA NA
Naphthalene 0.689 <0.200 <0.200 - 10 1 1.1 50
Phenanthrene <0.100 <0.100 <0.100 - 3 0.3 0.4 50
Pyrene <0.020 <0.020 0.058 - 0.2 NA 0.025 50
Quinoline <0.050 <0.050 <0.050 - 34 NA 3.4 NA

EPHw10-19 798 <250 <250 - 5,000 NA NA NA
EPHw19-32 1050 <250 <250 - NA NA NA NA
LEPHw 798 <250 <250 - 500 NA NA NA
HEPHw 1050 <250 <250 - NA NA NA NA
Notes
Value exceeds CSR guideline
Value exceeds BC ENV guideline
Value exceeds CCME guideline
Value exceeds GVSDD guideline
- indicates no sample was taken
NC indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²Ministry of Environment & Climate Change Strategy. 2018. BC Approved Short-Term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299

Polycyclic Aromatic Hydrocarbons (PAH) (µg/L)

BCMOE Aggregate Hydrocarbons (µg/L)

Site 3 (Open Channel)

Guidelines (µg/L)

Guidelines (µg/L)

Guidelines (µg/L)

Water Quality Monitoring Results - Hydrocarbons

Polycyclic Aromatic Hydrocarbons (PAH) (µg/L)

BCMOE Aggregate Hydrocarbons (µg/L)

BCMOE Aggregate Hydrocarbons  (µg/L)

Drainage Name: North Langley Industrial Catchment Municipality: Langley TWP

Polycyclic Aromatic Hydrocarbons (PAH) (µg/L)

Site 1 (Class A Watercourse)

Site 2 (APS Manhole)



Monitoring Date: 20-Aug-18
Location Ditch CSR (AW)¹ BC MoE² CCME³ GVSDD⁴
Fecal Coliforms <10 NC 1000 NC NC
E. Coli <10 NC 200 NC NC

Monitoring Date: 16-Nov-18 22-Nov-18 27-Nov-18 4-Dec-18
Location Watercourse Retention Ditch Watercourse CSR (AW)¹ BC MoE² CCME³ GVSDD⁴

Field Blank Nitrate - - - <0.01 NC NC 550 NC
Fecal Coliforms - <1 - - NC 1000 NC NC
E. Coli - <1 - - NC 200 NC NC
Total Iron 0.494 0.207 0.214 - NC 1 0.3 10
Total Cadmium 0.000076 0.000087 0.000053 - 0.0005-0.004⁵ 0.228-1.08⁶ 0.001 0.2
Total Copper 0.00442 0.0064 0.00376 - 0.02-0.09⁷ Variable⁸ NC 2
Total Lead 0.00041 0.00022 0.00029 - 0.04-0.16⁹ Variable¹⁰ NC 1
Total Zinc 0.0331 0.0357 0.0534 - 0.075-2.4¹¹ 0.033-0.115¹² 0.037 3

Monitoring Date:
Location Duplicate Watercourse RPD Duplicate Rentention RPD Duplicate Ditch RPD
Total Iron 0.494 0.52 -4.3 0.207 0.224 -7.6 0.214 0.225 -4.9
Total Cadmium 0.000076 0.000071 7.0 0.000087 0.000077 13.0 0.000053 0.000056 -5.4
Total Copper 0.00442 0.0045 -1.8 0.0064 0.0067 -4.5 0.00376 0.00388 -3.1
Total Lead 0.00041 0.0004 2.5 0.00022 0.00026 -15.4 0.00029 0.00029 0.0
Total Zinc 0.0331 0.0332 -0.3 0.0357 0.0384 -7.0 0.0534 0.0554 -3.6

Notes
Value exceeds CSR guideline
Value exceeds BC MoE guideline
Value exceeds CCME guideline

- indicates no sample was taken
NC indicates no applicable guideline
¹Contaminated Sites Regulation, BC Reg. 375/96
²Ministry of Environment & Climate Change Strategy. 2018. BC Approved Short-Term Maximum Water Quality Guidelines
³Canadian Council of Ministers of the Environment. 2018. Water Quality Guidelines for the Protection of Aquatic Life
⁴Greater Vancouver Sewerage and Drainage District. 2007. Sewer Use Bylaw. No. 299
⁵Depends on hardness: < 30 mg/L CaCO3 = 0.0005 mg/L Cd, 30-90 mg/L CaCO3 = 0.0015 mg/L Cd, 90-150 mg/L CaCO3 = 0.0025 mg/L Cd, 150-210 mg/L CaCO3 = 0.0035 mg/L Cd, >210 mg/L CaCO3 = 0.004 mg/L Cd
⁶Depends on hardness: 7 - 50 mg/L CaCO3 = 0.288 mg/L Cd, 50 - 180 mg/L CaCO3 = 1.08 mg/L Cd

⁸Formula = 0.001(0.094*hardness+2)
⁹Depends on hardness: <50 mg/L CaCO3 = 0.04 mg/L Pb, 50-100 mg/L CaCO3 = 0.05 mg/L Pb, 100-200 mg/L CaCO3 = 0.06 mg/L Pb, 200-300 mg/L CaCO3 = 110 mg/L Pb, >300 mg/L CaCO3 = 0.16 mg/L Pb
¹⁰Formula = e^(1.273 ln(hardness) - 1.460)
¹¹Depends on hardness: <90 mg/L CaCO3 = 0.075 mg/L Zn, 90-100 mg/L CaCO3 = 0.15 mg/L Zn, 100-200 mg/L CaCO3 = 0.9 mg/L Zn, 200-300 mg/L CaCO3 = 1.65 mg/L Zn, 300-400 mg/L CaCO3 = 2.4 mg/L Zn
¹²Depends on hardness: <90 mg/L CaCO3 = 0.033 mg/L Zn, 100-200 mg/L CaCO3 = 0.115 mg/L Zn

Value exceeds GVSDD guideline

Guidelines (mg/L)

Guidelines (mg/L)

⁷Depends on hardness: <50 mg/L CaCO3 = 0.02 mg/L Cu, 50-75 mg/L CaCO3 = 0.03 mg/L Cu, 75-100 mg/L CaCO3 = 0.04 mg/L Cu, 100-125 mg/L CaCO3 = 0.05 mg/L Cu, 125-150 mg/L CaCO3 = 0.06 mg/L 
Cu, 150-175 mg/L CaCO3 = 0.07 mg/L Cu, 175-200 mg/L CaCO3 = 0.08 mg/L Cu, >200 mg/L CaCO3 = 0.09 mg/L Cu

QA/QC - Dry Season

QA/QC - Wet Season

Analysis

Duplicate

Trip Blank

Analysis

Trip Blank

27-Nov-18
QA/QC - Wet Season

Analysis

QA/QC - Wet 
Season

16-Nov-18 22-Nov-18
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APPENDIX C - MODEL DEVELOPMENT 
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1 BACKGROUND 

This appendix is intended to supplement the Northwest Langley Industrial Catchment (NLIC) ISMP prepared by 

Associated Engineering (AE) by providing further detail on stormwater model development for the study area. This 

includes the drainage system model that was developed using PCSWMM software, and the overland flow model that 

was developed using Mike 21FM software. 

 

The following sections describe background information that was used during model development. Discussion of 

modelling results can be found in the main body of the report. 

 

1.1 Existing Land Use 

The study area is extensively developed, and the majority of the area is covered by impervious surfaces. The 

breakdown of the study area zoning, as defined in the zoning layer obtained from the Township of Langley Open Data 

Portal, is shown in Table C-1.  The spatial layout of the zoning is displayed in Map C-1. The study area is a part of an 

important industrial area within Metro Vancouver as reflected by the fact that it is primarily industrial zoned land.  

Table C-1-1: 
Study Area Land Use 

Land Use Category Percent of Study Area 

Industrial 83% 

Comprehensive Development 9% 

Residential 6% 

Commercial 1% 

Rural 1% 

 

The land cover on the industrial parcels is almost entirely impervious, and is made up of roofs, and paved parking and 

materials handling areas. Many sites are below the elevation of the adjacent curbed roadways and include on-site 

stormwater management facilities. There are few remaining areas of natural habitat, as discussed in Section 3 of the 

main body of the Report.  

 

1.2 Future Land Use 

The Township of Langley Official Community Plan (ToL, December 2016) anticipates that the population of the 

Township of Langley will grow to approximately 211,000 by 2041, compared to the 2011 population of 104,000. The 

OCP anticipates that the Northwest Langley Industrial area will remain an important employment centre and zoning 

for industrial use is not likely to change.  

 

Portions of the Northwest Langley Community Plan (1985) and Walnut Grove Community Plan (1979) areas intersect 

with the study area; however, the majority of the study area does not have any applicable community plan. The 

community plan areas are displayed in Map C-2.  

 

Township staff have indicated that there are several pending redevelopment applications to increase the size of 

existing industrial facilities. This fits with an overall intent to facilitate redevelopment and industrial expansion within 
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the study area that will likely result in increased roof areas but not necessarily a significant increase in overall 

impervious coverage.  

 

1.3 Hydrogeological Conditions 

Map C-3 shows the underlying soils in the study area. Soil types within the study area, and their estimated infiltration 

rates are listed in Table C-2. The composition of these soils may have changed over time (since the soil mapping was 

completed) due to compaction or infill occurring as the study area developed. This study does not include a 

hydrogeological investigation. 

 

Table C-1-2: 
Study Area Soils 

Soil Name Typical Soil Type1 Saturated Hydraulic Conductivity 
(mm/hr)3 

Sunshine Sandy loam on sand 26 

Coghlan Sandy loam on gravelly sand 26 

Columbia Sandy loam on gravelly sand 26 

Judson Organic on silty loam 6.8 

Heron Fine sandy loam on clay loam 4.3 

Gravel Pit Gravelly2 50 

Boosey Sandy loam on silty clay loam 4.3 

1. Based on B.C. MOE (1981) 
2. Estimate based on designation 
3. Based on Table 1-4 in Metro Vancouver Stormwater Source Control Design Guidelines 2012 

 

  

2 MODELLING 

2.1 Modelling Overview 

We have constructed a 1D (i.e. link and node architecture) PCSWMM model of the study area to simulate the 

hydrology (rainfall-runoff response) and hydraulics of the drainage system. The overland flow routes are modelled 

using a “rain-on-grid model” based on the DEM developed from the LiDAR data. This involves 2D modelling of 

overland flows (see Section 2.5), without the piped network, to evaluate the connectivity of the overland flow routes 

and identify any areas where water may become trapped and cause flooding.  

 

An overview of the PCSWMM model is shown in Map C-4. The PCSWMM model includes pipes, open channels, 

detention ponds, and hydrological parameters. As discussed in the Stage 1 Report the modelled portions are generally 

limited to sections of the network with a minimum catchment area of 10 ha. Some pipes as small as 300 mm diameter 

are modelled where they provide critical linkages; however, pipes smaller than 600 mm diameter are generally 

excluded from the model. Sections 2.2 to 2.4 provide a detailed description of the PCSWMM model assembly. 

Section 2.5 is focused on the rain-on-grid model. 



 2 - Modelling 
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2.2 Assumptions and Limitations 

This section refers to the assumptions made in the development of the PCSWMM model and limitations with the 

modelling approach used.  

 

Assumptions 

• There were conflicts between the inverts shown in the record drawings for the south end of the open-channel on 

the west side of the catchment, and the inverts obtained from GIS data for pipes discharging to the open channel. 

In these cases, the ditch inverts were lowered to match the pipe inverts. 

• Due to a lack of data, a conservative assumption that there is no on-site storage was applied for developed lots. 

The 2011 and 2019 Development Servicing Bylaws (ToL, 2011; ToL, 2019) both require on-site storage and 

regulated release rates. If similar bylaws were enforced during the development of the study area, which is 

dominated by large private facilities, there could be a large volume of on-site storage. However, there is nothing in 

the hydrologic response represented by the flow monitoring data to suggest widespread regulation of release 

rates. 

• Due to the high degree of existing development, any future redevelopment will not significantly alter sub-

catchment characteristics. 

• The direction of runoff was assumed based on available GIS information on the drainage network as well as 

elevations obtained from LIDAR data. 

• AE assumed that all manholes were benched.  

 

Limitations 

• There was no flow monitoring on the west branch of the system. 

• The available flow monitoring data included rainfall events with a 2-hour intensity corresponding to between a  

2-year and 5-year return period storm. The lack of larger events during the monitoring period that could be used 

for calibration increases the uncertainty related to the model’s ability to accurately represent these larger events. 

• Catchbasins are not modelled; therefore, we are unable to comment on the inlet capacity of the system (note that 

modelling inlets requires a significantly more complex model).  

• The PCSWMM model does not include overland flow connectivity. The model identifies areas where the piped 

system has limited capacity; however, it cannot be used to conduct a detailed analysis of whether flooding at a 

given point will lead to significant damage or disruption. 

 

2.3 PCSWMM Model Parameters 

This section provides an overview of the hydrologic and hydraulic parameters employed in the PCSWMM model. 

Additional GIS figures showing the study area characteristics informing the parameterization were presented in the 

Stage 1 Report. Table C-3 and Table C-4 provide parameters used for the model sub-catchments (the hydrology 

component of the model).  
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Table C-3: 
Study Area Soil Characteristics and Model Infiltration Parameters 

Soil Name Typical Soil Texture1 

Saturated Hydraulic 
Conductivity 

(mm/hr)2 

Suction 
Head 
(mm)3 

Initial 
Deficit3 

Sunshine Sandy loam on sand 26 70 0.263 

Coghlan Sandy loam on gravelly sand 26 60 0.263 

Columbia Sandy loam on gravelly sand 26 60 0.263 

Judson Organic on silty loam 6.8 120 0.231 

Heron Fine sandy loam on clay loam 4.3 200 0.154 

Gravel Pit Gravelly4 50 50 0.450 

Boosey Sandy loam on silty clay loam 4.3 150 0.263 

Cloverdale Silty clay loam on silty clay 1.0 300 0.129 

Page Silty clay loam 1.5 270 0.129 

Prest Silty clay loam 1.5 270 0.129 

Niven Silty clay loam on silty loam 2.0 250 0.129 

Table C-4: 
Study Area Land Use and Corresponding Model Parameters 

Land Use 
Category 

% 
Impervious5 

% Impervious 
with No 
Ponding6 

Impervious 
Manning’s 

N7 

Pervious 
Manning’s 

N7 

Impervious 
Surface 

Ponding (mm)7 

Pervious 
Surface 

Ponding (mm)7 

Industrial 90 35 0.013 0.25 2.5 3 

Comprehensive 
Development 75 35 0.013 0.25 2.5 3 

Residential 40 35 0.013 0.25 2.5 3 

Suburban 
Residential 20 25 0.013 0.25 2.5 3 

Commercial 90 41 0.013 0.25 2.5 3 

Institutional 80 25 0.013 0.25 2.5 3 

Rural 20 25 0.013 0.25 2.5 3 

 

A Manning’s roughness of 0.04 was used for open channels and 0.013 was used for closed conduits. The assumed 

standard entry and exit loss coefficients of 0.1 was applied to most pipes in the system. An entry loss coefficient of 0.5 

                                                        
1 B.C. MOE (1981). 
2 Table 1-4 in Metro Vancouver Stormwater Source Control Design Guidelines (2012). 
3 Table 4-7 in Rossman and Huber (2016) sourced from Rawls et al. (1983). 
4 Conservative based on designation. 
5 Township of Langley Subdivision and Development Servicing 2011 No. 4861 and Rossman 2015. 
6 Based on assumption that 80% of non-residential roof surfaces have no depression storage and 90% of residential   roof surfaces, and 25% of 
other impervious surfaces.  
7 SWMM User Manual Version 5.1 (Rossman, 2015). 
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was used for the higher elevation, least preferred flow path at the flow split (bifurcation) near the intersection of 96 

Avenue and 200 Street. 

 

The detention ponds (ToL GIS IDs 18, and 11, see Map C-4) were modelled as storage nodes. The two parts of 

Pond 11 were modelled as separate but connected storages. The assigned storage curves, defined by stage and area, 

were primarily based on record drawings. The stage-storage curve for Pond 18 is based on the areas provided in the 

record drawing. The storage volumes are shown in Table C-5. Based on LIDAR data, it appears that there is additional 

available storage volume at the Pond 18 site above the design elevations; however, this volume was not included in 

the model analysis as it is not a formal part of the actual pond and, therefore, is not guaranteed to be functional in the 

future.  

Table C-5: 
Detention Pond Storage Volumes 

Pond ID (ToL GIS) 
Record Drawing Storage 

Volume (m3) 
Maximum Storage in any 
Modelling Scenario (m3) 

11 – Both Parts 84501 9120 

18 17952 1839 

1- Based on McElhanney (2007) 

2- Based on record drawing M13B0002 

 

A Fraser River boundary condition of 3 m was used in the model. This is a conservative boundary condition based on 

water level records from the Water Survey of Canada Fraser River at Mission flow gauge and the expected Fraser 

River flood levels in the reach adjacent to the study area according to predicted future flood scenarios (FLNRO, 2014). 

This water level is not intended to represent a large return period flood and falls below the inverts of the outfalls to 

the Fraser River.  

 

2.4 Flow Monitoring and Calibration 

Prior to analysis, the PSCWMM model was calibrated using the flow monitoring data collected by SFE Global. 

Calibrating the model significantly improves the reliability of the modelling results. SFE collected flow and rainfall data 

in two locations, as shown in Map C-4, from November 1, 2018 to January 31, 2019. Flow data is available 

commencing from November 17, 2018. The largest rainfall event during the recording period occurred on January 3 

and included an interval with a 2-hour rainfall total of 11.0 mm. Based on the Township’s 2019 Current Zone 3 IDF 

Curve this falls between a 2-year and a 5-year return period event.  

 

The PCSWMM model was run using the rainfall from the SFE record and the modelled hydrographs at Sites 1 and 2 

were compared to the corresponding flow records. The calibration process was focused on a period between 

November 20 and December 1, 2018 that included multiple rainfall events. Focusing the calibration on a shorter 

record makes it easier to discern and match the shapes of the hydrographs.  

 

In the calibration process PCWMM tools were used to test the sensitivity of the hydrographs to several model 

parameters. These parameters include sub-catchment width, sub-catchment slope, sub-catchment internal routing, 

sub-catchment impervious coverage (as a % of total), surface roughness, and depression storage. The model was most 

sensitive to impervious coverage, internal routing, and width.  
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Only the sub-catchment internal routing and width were adjusted during the calibration. The sub-catchment internal 

routing represents where runoff generated in a sub-catchment is directed. The routing was changed from runoff 

routed directly to the sub-catchment outlet to that indirectly routed so that 15% of the runoff generated by the 

impervious portions of a sub-catchment will be directed to the pervious areas of the sub-catchment. The sub-

catchment width impacts the flow length (distance runoff must flow to outlet) and affects how quickly runoff 

concentrates. The widths were reduced by 87.5% (i.e. increasing the flow lengths) to address model runoff response 

that was peaking too quickly. Additionally, a baseflow of 15 L/s was added, distributed on a sub-catchment area 

weighted basis to junctions between the flow split and flow monitoring Site 2.  

 

The calibration hydrographs are shown in Figures C-1 and C-2. Table C-6 shows several goodness-of-fit parameters 

calculated in PCSWMM. The calibration results show a close fit between the modelled and observed datasets. The 

calibrated model was subsequently used for the analysis of the drainage system. 

Table C-6: 
Evaluation of Calibration: November 20 to December 1, 2018 

Goodness-of-Fit Site 1 Site 2 

Integral Square Error (ISE) 1.95 0.897 

Nash-Sutcliffe Efficiency (NSE) 0.721 0.823 

Coefficient of Determination (R2) 0.775 0.848 

Root Mean Square Error (RMSE) 0.487 1.07 

 

The ISE statistic is the integral of the square of the error in a model’s predictions over time. Values less than 10 are 

considered to be good and a value less than 3.0 indicates the model prediction accuracy is excellent.   

 

NSE is another statistic that can be used to evaluate the accuracy of hydrological model predictions. This statistic 

compares the amount of variance in a residual with the variance of the data.  The coefficient can range from - to 1 and 

a value of 1 indicates that model input perfectly matches the observed data.  

 

The coefficient of determination assesses how much of the variance in an output variable can be attributed to the 

independent variable.  R2 values can range between 0 and 1 and a value of 1 indicates that the predicted output 

perfectly matches observed data.  

 

The root mean square error is a measure of how widely spread observed data are away from the regression line. RMSE 

is the square root of the average difference between the predicted value and observed data. A RMSE value of 0 

indicates that there is a perfect fit between predicted and observed data. 

 

2.5 Overland Flow Model 

We created a 2D hydraulic computer model to simulate surface flooding and surface (overland) conveyance for the 

study area using MIKE-21FM software. The model was developed using the Township’s LIDAR topographic data to 

represent the physical surface of the study area. In our 2D model we incorporated any major topographic features 

captured by the bare earth LIDAR, such as roads, the street network, and channels. Building outlines were added as 

obstructions. We assumed that there is no available capacity within the minor drainage system for the events greater 

than a 10-year return period storm and neglected the piped network below ground in the model, hence we refer to 
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this model as “rain-on-grid”.  Surface flow calculations used a constant Manning’s roughness coefficient of 0.025 for 

the entire study area.  

 

3 EVALUATION SCENARIOS 

3.1 Scenario Overview 

The analysis reported on in the main body of the report is based on the results of six PCSWMM modelling scenarios 

covering existing and future design storms. The total rainfall volumes for each design storm are shown in Figure C-3. 

Results of overland flow modelling and flood elevation mapping are also presented in this section. 

 

The design storms used are 24-hour all-duration storms. All duration storms include all the IDF rainfall volumes for 

each duration. For example, a 24-hour all duration storm will include a 1-hour period with the 1-hour rainfall volume, a 

2-hour period with the 2-hour rainfall volume, a 6-hour period with the 6-hour rainfall period and so on. This design 

storm configuration eliminates the need to identify critical storm durations (which may vary for different parts of a 

system) and constitutes a conservative approach suitable for a planning assessment. 

 

 

3.2 Climate Change Analysis 

As discussed in Section 2.3 in the main body of the report, a variety of relevant assessments and tools were reviewed 

to determine the impacts of climate change in the study area. The sources considered were:  

• The Township of Langley’s Bylaw IDF updates (ToL, 2011; ToL, 2019),  

• Metro Vancouver’s Study of the Impacts of Climate Change on Precipitation and Stormwater Management (GHD, 

2018),  

• The City of Surrey’s Development of Future IDF Statistics for the City of Surrey (Dillon Consulting, 2015),  

Figure C-3: 
Modelling Scenarios 
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• and values obtained from the University of Western Ontario’s Computerized Tool for the Development of 

Intensity-Duration Frequency Curves under Climate Change (IDF-CC) – Version 4.0. 

 

The City of Surry data is shown in Table C-7. 

Table C-7: 
City of Surrey Climate Change Related IDF Scaling Values (Dillon Consulting, 2015) 

 Lower Band Increase Relative to 2013 IDF Upper Band Increase Relative to 2013 IDF 

Planning 
Horizon Minimum Average Maximum Minimum Average Maximum 

2030s 11% 20% 37% 40% 72% 115% 

2050s 22% 35% 67% 52% 96% 136% 

2080s 47% 68% 127% 102% 154% 219% 

 

The Metro Vancouver climate change IDF values were published in the report produced by GHD for Metro Vancouver 

(GHD, 2018). The values are shown in Table C-8 and were developed using the following methodology: 

a. Both “Moderate Changes” and “Large Changes” are derived from a set of twelve spatially downscaled GCMs, 

assuming an RCP 8.5 climate change scenario. 

b. “Moderate Changes” and “Large Changes” are derived from scaling factors which define the rate at which sub-

daily rainfall intensities will increase in the future relative to daily rainfall. The “Moderate Changes” scenario 

assumes no changes are made to sub-daily rainfall through scaling factors, whereas the “Large Changes” 

scenario applies scaling factors to account for potential increases in sub-daily rainfall in the future. 

c. Based on “Moderate Changes” to the year 2100, precipitation of lower-return period storms (2-year to 

25-year, 5 min-30 min range) is estimated to increase an average of 38%; precipitation of higher-return period 

storm intensities (50-200-year, 1 hour-24-hour range) is estimated to increase an average of 45%. “Moderate 

Changes” are based on median of future climate change projections. 

d. Based on “Large Changes” to the year 2100, precipitation of lower-return period storms (2-year to 25-year, 

5 min-30 min range) is estimated to increase an average of 70%; precipitation of higher-return period storms 

(50-year to 200-year, 1 hour-24-hour range) is estimated to increase an average of 90%. “Large Changes” are 

based on the 95th percentile of future climate change projections. 

Table C-8: 
Metro Vancouver Climate Change IDF Values (GHD, 2018) 

Return Period 
Zone 3 Changes for 

Moderate 2100 Scenario 
Zone 3 Change for Large 
Change 2100 Scenario 

5-year 39% 68% 

25-year 42% 83% 

100-year 45% 90% 

 

We reviewed estimated increases to peak rainfall intensities for the Environment Canada Surrey Kwantlen Park Rain 

Gauge for a projection to the year 2100 using the IDF-CC tool developed by the University of Western Ontario. The 

reported values were an IDF developed using the values between 2050 and 2100. We used the Pacific Climate 
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Impacts Consortium bias corrected GCM as well as an ensemble of raw GCMs and assumed an RCP 8.5 climate 

change scenario (high-emissions scenario). The results are presented in Table C-9. 

Table C-9: 
IDF CC 4.0 Surrey Kwantlen Park 

Return Period 
2050 to 2100 PCIC Bias Corrected 

Increase from Current IDF 
2050 to 2100 Raw GCM Ensemble 

Increase from Current IDF 

5-year 17% 16% 

25-year 18% 17% 

100-year 20% 20% 

 

We also considered the IDF updates completed by the Township. The Township updated their IDF curves using the 

GHD report as well as an accompanying tool provided to municipalities. The results are presented in Table C-10. 

Table C-10: 
Township of Langley Bylaw IDF Updates (ToL, 2011; ToL, 2019) 

Return Period 
Zone 3 2100 Increase from 

2011 Bylaw 
Zone 3 2100 Increase from 

2019 Bylaw 

5-year 44% 39% 

25-year 54% 45% 

100-year 66% 45% 

 

Given this is a planning assignment, we feel that choosing a longer time horizon and conservative values is 

appropriate. This will ensure that infrastructure built on the basis of recommendations in this study will provide a 

service life of approximately 75 years, well in to the period of fully developed climate change impacts. We used the 

mean of all the considered values (PCIC was used for IDF CC). The resulting increases in rainfall intensity, presented in 

Table C-11, were applied to the existing IDF values (ToL, 2019) to produce rainfall volumes for future design storms. 

Based on the planning horizons for the studies considered, these values indicate recommended climate change 

considerations for 2080.  

Table C-11: 
Recommended Climate Change Values 

Return Period 
Percent Increase from 

2019 IDF 

5-year 55% 

25-year 59% 

100-year 61% 
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4 MINOR SYSTEM MODELLING RESULTS 

This section contains supplementary results to those presented in the main body of the report including model output 

tables. 

 

4.1 Detention Pond Results 

Table C-12 shows the utilisation of the ponds based on the PCSWMM modelling results. The pond volumes were 

based on available record drawings and LIDAR; however, there may be minor adjustments due the way the ponds are 

represented in the model. The values here should not be used as a substitute for design volumes found in record 

drawings or reporting. Additional pond parameters can be found in the model output tables. Based on the results 

presented in the table it appears as though the pond storage is being heavily utilized, which indicates the ponds are 

performing as intended.  

Table C-12:  
Detention Pond PCSWMM Results 

Scenario Pond 18 Pond 11 Pond 11 Expansion 

 
Pond Volume 

(m3) 
Max Volume 
Stored (m3) 

Pond Volume 
(m3) 

Max Volume 
Stored (m3) 

Pond Volume 
(m3) 

Max Volume 
Stored (m3) 

Existing  
5-Year 

1840 700 8830 2590 290 0 

Existing 
25-Year 

1840 1120 8830 5530 290 30 

Existing 
100-Year 

1840 1840 8830 8790 290 140 

Future  
5-Year 

1840 1540 8830 6860 290 60 

Future  
25-Year 

1840 1840 8830 8820 290 290 

Future  
100-Year 

1840 1840 8830 8830 290 290 

 

4.2 Model Output Tables 

 

Model outputs are provided in the following tables for each scenario described in Section 3.1. The output tables 

include information on individual conduits, junctions (manholes), subcatchments, storages, and outfalls. Maps C-5 and 

C-6 display individual conduit labels that can be used to reference specific conduits of interest in the model output 

tables. Similarly, Maps C-7 and C-8 can be used to reference junctions (manholes) and storages. Subcatchment and 

outfall labels are shown on both sets of maps (Maps C-5 to C-8). The contents of the “Name” column in each output 

table matches the labels displayed on these maps. 
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Table D-1 Cost Estimates for Proposed Upgrades
Client:
Township of Langley
Project:
Northwest Langley Industrial Catchment ISMP
Subject:
Cost Estimates for Proposed Upgrades
Project Number:

Date:
May-22

Item Description Unit Quantity Unit Price Cost
1.0 Project 1

Description: Upsize 554 m of pipe and manholes
1.1 General Construction Costs

Mobilization/Demobilization (5%) L.S. $40,000
Traffic Control (5%) L.S. $40,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 900 mm Diameter Pipe l.m. 270 $1,320 $356,000
.2 1050 mm Diameter Pipe l.m. 280 $1,560 $437,000
SUBTOTAL 1.0 $880,000

2.0 Project 2
Description: Upsize 413 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $40,000
Traffic Control (5%) L.S. $40,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1050 mm Diameter Pipe l.m. 125 $1,560 $195,000
.2 1200 mm Diameter Pipe l.m. 10 $1,800 $18,000
.3 1350 mm Diameter Pipe l.m. 275 $2,160 $594,000
SUBTOTAL 2.0 $890,000

3.0 Project 3
Description: Upsize 109 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $7,000
Traffic Control (5%) L.S. $7,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 750 mm Diameter Pipe l.m. 15 $960 $14,000
.2 900 mm Diameter Pipe l.m. 30 $1,320 $40,000
.3 1050 mm Diameter Pipe l.m. 60 $1,560 $94,000
SUBTOTAL 3.0 $170,000

4.0 Project 4
Description: Upsize 278 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $23,000
Traffic Control (5%) L.S. $23,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1050 mm Diameter Pipe l.m. 150 $1,560 $234,000
.2 1200 mm Diameter Pipe l.m. 120 $1,800 $216,000
SUBTOTAL 4.0 $500,000

5.0 Project 5
Description: Upsize 118 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $11,000
Traffic Control (5%) L.S. $11,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1200 mm Diameter Pipe l.m. 120 $1,800 $216,000
SUBTOTAL 5.0 $240,000

6.0 Project 6
Description: Upsize 47 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $2,000
Traffic Control (5%) L.S. $2,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering

Cost Estimates

2018-2364
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Client:
Township of Langley
Project:
Northwest Langley Industrial Catchment ISMP
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Item Description Unit Quantity Unit Price Cost

Cost Estimates

2018-2364

.1 675 mm Diameter Pipe l.m. 50 $900 $45,000
SUBTOTAL 6.0 $50,000

7.0 Project 7
Description: Upsize 292 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $37,000
Traffic Control (5%) L.S. $37,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1500 mm Diameter Pipe l.m. 290 $2,520 $731,000
SUBTOTAL 7.0 $810,000

8.0 Project 8
Description: Upsize 884 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $146,000
Traffic Control (5%) L.S. $146,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.2 1650 mm Diameter Pipe l.m. 150 $2,940 $441,000
.3 1800 mm Diameter Pipe l.m. 170 $3,120 $530,000
.4 2100 mm Diameter Pipe l.m. 560 $3,490 $1,954,000
SUBTOTAL 8.0 $3,220,000
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Table D-1 Cost Estimates for Proposed Upgrades
Client:
Township of Langley
Project:
Northwest Langley Industrial Catchment ISMP
Subject:
Cost Estimates for Proposed Upgrades
Project Number:

Date:
May-22

Item Description Unit Quantity Unit Price Cost

Cost Estimates

2018-2364

9.0 Project 9
Description: Upsize 296 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $32,000
Traffic Control (5%) L.S. $32,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1350 mm Diameter Pipe l.m. 300 $2,160 $648,000
SUBTOTAL 9.0 $720,000

10.0 Project 10
Description: Upsize 22 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $1,000
Traffic Control (5%) L.S. $1,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 600 mm Diameter Pipe l.m. 20 $840 $17,000
SUBTOTAL 10.0 $20,000

11.0 Project 11
Description: Upsize 338 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $43,000
Traffic Control (5%) L.S. $43,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1500 mm Diameter Pipe l.m. 340 $2,520 $857,000
SUBTOTAL 11.0 $950,000

12.0 Project 12
Description: Upsize 147 m of pipe and manholes

1.1 General Construction Costs
Mobilization/Demobilization (5%) L.S. $13,000
Traffic Control (5%) L.S. $13,000

1.2
Supply and Install Pipe c/w Excavation, Manhole, Frame and Covers and Surface
Restoration, 30% Contingency and 10% Engineering
.1 1050 mm Diameter Pipe l.m. 160 $1,560 $250,000
SUBTOTAL 12.0 $280,000
Upgrades required
TOTAL (Projects 1- 12) $8,730,000
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Table D-2 Cost Estimates for Proposed Upgrades

Client:

Township of Langley

Project:

Northwest Langley Industrial Catchment ISMP

Subject:

Cost Estimates for Proposed Upgrades

Project Number:

Date: 

Jul-21

Item Description Unit Quantity Unit Price Cost 

1.0 Pond 18 Expansion

Description: Expand Pond 18 Extents in the south direction. 

1.1 General Construction Costs

Mobilization/Demobilization (5%) L.S. $5,000 

Traffic Control (5%) L.S. $5,000

1.2 Excavation (to existing pond depth of ~ 1m) m3 1,100 $40 $44,000

1.3 Landscaping m2 1,100 $50 $55,000

SUBTOTAL 1.0 $110,000

2.0 Pond 18 Environmental Enhancements

Description: Landscaping improvements and reconfiguration of inlet/outlet. 

1.1 General Construction Costs

Mobilization/Demobilization (5%) L.S. $4,000

Traffic Control (5%) L.S. $4,000

1.2 Landscaping m2 1,500 $50 $75,000

1.3 Adjustment of Manhole Each 2 $1,120 $2,000

1.4 Excavate for Pipe adjustment m3 10 $40 $400

1.5 Supply and Install Pipe

.1 525 mm PVC Pipe l.m. 6 $850 $5,000

.2 900 mm PVC Pipe l.m. 8 $1,400 $11,000

SUBTOTAL 2.0 $110,000

TOTAL $220,000

Cost Estimates

2018-2364
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1 ADDITIONAL SOURCE CONTROL OPTIONS 

This appendix is intended to supplement the water quality recommendations provided in Section 7 of the main body 

of the report. It included additional general information on source controls as well as descriptions of additional source 

controls not discussed in the main body. 

 

1.1 Rainwater Management Approach 

As summarized in the Section 2.1 in the main body of the report, the Township has developed a number of documents 

that outline environmental, socio-economic and rainwater management goals and objectives. 

 

Enhancement of watershed health simultaneously supports many of the Township’s sustainability initiatives. Some 

examples of the relationship between environmental protection, rainwater management, and community 

enhancements include the following: 

• Creating an enjoyable streetscape for the community allows the use of absorbent soils and vegetation that 

attenuates runoff and may also reduce the loading to the Township’s storm system. 

• Enhancement of the Township’s green infrastructure to achieve the goals outlined in the Official Community Plan 

to promote alternative stormwater management measures which replicate pre-development conditions as well as 

minimizing impacts on downstream watercourses. 

• Low impact development controls providing ecological value within Northwest Langley. 

 

While the focus of this appendix is on rainwater management BMPs, the benefits to aquatic habitat, terrestrial 

biodiversity, the Township’s community plan goals, and socio-economic benefits such as increased green space are 

inherently linked.  

 

1.2 Green Infrastructure 

The use of green infrastructure for stormwater management has gained prominence in recent years. Green 

infrastructure is typically implemented to improve water quality and/or attempt restore the natural (pre-development) 

water balance by promoting infiltration and reducing runoff.  

 

Green infrastructure can effectively target a number of pollutants. Figure E-1 displays some of the pollutant removal 

efficiencies recorded in research for various green infrastructure treatments. The Metro Vancouver Stormwater 

Source Control Design Guidelines (Metro Vancouver, 2012) states that “Infiltration of stormwater through healthy soil 

is generally agreed to be one of the most effective practices to improve water quality and remove urban pollutants.” 

The Source Control Design guidelines as well as guidelines developed by the Credit Valley Conservation and Toronto 

and Region Conservation Authorities (CVC and TRCA, 2010) are useful guiding documents for the design of green 

infrastructure.  
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Figure E-1 

Observed Water Quality Performance of Source Controls1 

 

It is generally accepted that well maintained biofiltration green infrastructure source controls (such as bioswales and 

bioretention units) that promote infiltration through soil media will remove a minimum of 80% of total suspended 

solids (TSS). Table E-1 displays some of the site constraints applicable to specific source control practices.  

  

                                                           
1 Information and figure retrieved from Eckart et. al (2017). 
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Table E-1 
Source Control Summary of Constraints (CVC and TRCA, 2010) 

Green 
Infrastructure 

Type 

Typical Ratio of 
Impervious 

Drainage Area to 
Treatment Facility 

Area 

Percent of Lot 
Space Required 

for Green 
Infrastructure 

Can be Sited Near 
Pollution Hotspot 

Underground 
Storage 

N/A 0 to 1 Yes 

Green Roof 1:1 0 Yes 

Biofiltration 5:1 to 15:1 5 to 10 Yes 

Bioswales 5:1 to 10:1 5 to 15 No 

Rain Garden 5:1 to 15:1 5 to 10 No 

Absorbent 
Landscaping and 

Street Trees 
5:1 to 15:1 5 to 10 No 

Pervious 
Pavements 

1:1 to 1.2:1 0 No 

Rock/Infiltration 
Trenches 

5:1 to 20:1 0 to 1 No 

Water Quality 
Devices 

N/A 0 Yes 

 

The followings sections describe source controls (in addition to those recommended in the main body of the report) 

which could be considered for implementation in the study area.  

 

1.2.1 Green Roof 

A green roof is a roof that incorporates features that support living vegetation. For the purposes of stormwater 

management, soil depth is typically 300 mm or less. Green roofs operate like a sponge that retains rainfall, stores it 

temporarily, and then slowly releases the water to the buildings drainage system. Its primary purpose is to mimic the 

hydrologic function of undeveloped land on a developed site by reducing peak flow rates. After a storm, a significant 

portion of the stored rainfall is evaporated and evapotranspirated by the plants. Green roofs tend to have a limited 

capacity and will saturate and lose functionality during large rainfall events.  

 

Buildings located on industrial and commercial lots tend to occupy a significant fraction of the total lot area and often 

have flat roofs. This makes the implementation of green roofs practical for these developments. Various studies have 

highlighted that green roofs provide extra insulation reducing heat transfer as well as improving the longevity of the 

roof structure by helping to protect the membrane from extreme temperature fluctuations (Metro Vancouver, 2012). 

With proper communication of these benefits, property managers may be more inclined to support the inclusion of 

green roofs on their lots. A summary of key parameters relevant to green roof implementation are provided in 

Table E-2.  
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Green roofs can be effective in improving water quality of roof runoff, when compared to conventional roofing runoff. 

Some studies have indicated that green roofs reduce amounts of suspended solids, nitrate, heavy metals, and E. Coli 

bacteria in runoff when compared to traditional roof runoff (CVC and TRCA, 2010). An image of a typical green roof is 

included in Figure E-2. The Township does not currently provide credit for Green Roofs because the it is a challenge to 

inspect green roofs to confirm that they are still online and functional. 

 

 

Figure E-2 

Green Roof2 

 

Table E-2: 
Green Roof Summary (CVC and TRCA, 2010) 

Green Roof 

On-Site 
Implementation 
Applicable  

ROW Implementation 
Applicable  

Can be Sited Near 
Pollution Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Yes No Yes 1:1 

 

1.2.2 Absorbent Landscaping and Street Trees 

Absorbent landscaping acts like a sponge that retains rainfall, stores it temporarily, and then slowly releases it. Its 

primary purpose is to mimic the hydrologic function of undeveloped land on a developed site. It tends to have only a 

limited capacity and will saturate and lose functionality during large rainfall events. The filtration mechanism of the soil 

layer provides water quality benefits. An example of absorbent roadside landscaping is shown in Figure E-3.  

 

Absorbent landscapes typically consist of a layer of absorbent soil with vegetation such as shrubs and trees. The 

vegetation provides an additional function of supporting interception and evapotranspiration. Absorbent landscapes 

receive direct rainfall and runoff from small impervious surfaces (such as driveways, paths and patios). 

 

                                                           
2 CVC and TRCA, 2010. 
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Absorbent landscaping can be employed in combination with street trees to support the Township’s Official 

Community Plan goals to increase ecological capacity and provide aesthetically pleasing communities. Coniferous trees 

are preferred over deciduous trees, as leaf litter can restrict the absorption of the underlying soil, and their retention 

of foliage through the winter rainy season promotes maximum interception. A summary of key attributes of absorbent 

landscaping and street tree is provided in Table E-3.  

 

For maximum effectiveness, the growing medium should have a minimum depth of 300 mm, with a preferred depth of 

450 mm. Analysis of the feasibility of street trees must consider implications to the surrounding pavement structures, 

as tree roots can damage concrete sidewalks and paved roads, although this effect can be mitigated using structural 

soils. This BMP is also not recommended to be used in areas where land use activities have potential to generate 

highly contaminated runoff.  

 

 

Figure E-3 

Roadside Absorbent Landscaping3 

 

  

                                                           
3 Figure retrieved from https://www.epa.gov/green-infrastructure/what-green-infrastructure on November 25, 2019. 

 

https://www.epa.gov/green-infrastructure/what-green-infrastructure
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Table E-3 
Absorbent Landscaping and Street Trees Summary (CVC and TRCA, 2010) 

Absorbent Landscaping and Street Trees 

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be 
Sited 
Near 
Pollution 
Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Yes Yes No 5:1 to 15:1 

 

1.2.3 Pervious Pavement 

Pervious pavement provides an alternate configuration for otherwise impermeable surfaces such as driveways, 

walkways, and patios. It consists of a paving system that allows rainfall to percolate into an underlying subgrade 

reservoir. If sufficient infiltration capacity exists in the subgrade or underlying soils, the water will be infiltrated. 

Otherwise, it can be discharged to the storm network through an underdrain. Figure E-4 shows an example of 

pervious pavement implementation.   

 

Metro Vancouver’s Stormwater Source Control Guidelines (2012) suggests that pervious pavement can receive runoff 

from other impermeable areas provided sediment loads are not excessively high. Pervious pavement can provide a 

reduction in peak flows and runoff volume, as well as some contaminant removal. 

 

Pervious pavement typically consists of five layers including the surface (porous asphalt/concrete, concrete/plastic 

grid pavers, concrete pavers installed with gapped joints), an aggregate bedding, open graded base, open graded sub 

base, and subsoil. Additionally, the use of a geotextile to prevent migration of fines into the base drainage courses is 

recommended. For areas that have been identified as having low infiltration potential, a partial-infiltration 

configuration that includes an underdrain may be required. A summary of pervious pavement characteristics is 

provided in Table E-4.  

 

While pervious pavement should not be implemented in high-traffic areas due to potential structural concerns and 

ponding, sidewalks and parking lanes can utilize pervious pavement to attenuate runoff and promote shallow 

infiltration to the underlying soil. The ability of pervious pavement designs to remove pollutants from water is directly 

related to the ability to infiltrate runoff.  

 

Partial infiltration systems that are designed with an underdrain have been shown to effectively reduce suspended 

solids, most metals, and hydrocarbons (CVC and TRCA, 2010). Full infiltration systems generate less runoff and the 

majority of pollutants are captured in the surface pores or underlying granular base of the pavement. Similar to the 

bioretention units discussed in the previous sections, this BMP is not recommended to be used in areas where land 

use activities have potential to generate highly contaminated runoff. 
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Figure E-4 

Permeable Pavement4 

 

Table E-4 
Pervious Pavement Summary (CVC and TRCA, 2010) 

Pervious Pavement  

On-Site 
Implementation 
Applicable  

ROW 
Implementation 
Applicable  

Can be 
Sited 
Near 
Pollution 
Hotspot  

Recommended 
Impervious/Pervious 
Ratio  

Maximum 
Impervious/Pervious 
Ratio  

Yes Yes No 1:1 to 1.2:1 2:1 

                                                           
4 Figure retrieved from https://www.epa.gov/green-infrastructure/what-green-infrastructure on November 25, 2019. 

https://www.epa.gov/green-infrastructure/what-green-infrastructure
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APPENDIX F – ENVIRONMENTAL FEATURES 
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1 BACKGROUND 

This appendix provides a summary of aquatic and terrestrial habitat features identified within the study area. The 

objective of this appendix is to identify existing environmental features and make recommendations to protect, 

restore, and enhance these features to help guide stormwater management in a manner that supports overall 

watershed health. It includes the identification of ecologically significant areas (i.e., watercourses, fish and fish habitat, 

wildlife and wildlife habitat/corridors, and species at risk habitat) and summary results of baseline water quality 

monitoring. An overview of the environmental features in this study area can be seen in Map 3-1 in the main body of 

the report. 

 

1.1 Methods and Approach 

Information compiled and reviewed to characterize existing environmental conditions includes: 

• Habitat Wizard database (ENV 2019a); 

• Fisheries Information Summary System database (ENV 2019b); 

• BC Species and Ecosystem Explorer search and associated reports (CDC 2019a); 

• Fraser River Estuary Management Program (FREMP) and Burrard Inlet Environmental Action Program (BIEAP) 

Habitat Atlas (FREMP 2017); 

• Conservation Data Centre iMap element occurrence information (CDC 2019b);  

• Township of Langley’s Watercourse Classification Map (ToL 2016a);  

• Township of Langley’s GeoSource Web Application (ToL 2019); and 

• Township of Langley Official Community Plan (OCP) (ToL 2016b). 

 

AE conducted a terrestrial assessment of the study area on August 8, 2018 and an aquatic field assessment of the 

study area on October 24, 2018, to validate information from online databases regarding potential habitat and species 

at risk presence.  

 

As a component of the ISMP, a water quality monitoring program was implemented according to the methodology 

outlined in Metro Vancouver’s Monitoring and Adaptive Management Framework for Stormwater (the AMF) (Metro 

Vancouver 2014). In accordance with the AMF, sampling occurred during two seasons: the dry season (i.e., July and 

August) and the wet season (i.e., November and December) at three sites (Map 3-1). During each seasonal monitoring 

period, samples were collected five times over a 30-day period (i.e., 5-in-30); yielding 10 sampling events in total. Any 

5-in-30 mean samples that exceed long-term water quality guidelines are noted in the sections below. Results from 

the water quality monitoring program are summarized in Appendix B. 

 

1.2 Watercourse Classification 

The Township of Langley developed a classification system for watercourses, tributaries and ditches to classify the 

surface drainage network in the municipality according to fish habitat values (Table F-1). Watercourse classifications 

were field verified as they form the basis for determining associated setbacks which are considered during 

development (Section 1.6). 
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Table F-1 
Township of Langley Watercourse Classification System 

Classification Map Symbol Description 

Class A Red 

Inhabited year round or has the 
potential for year-round fish 
presence upon reasonable means of 
access enhancements. 

Class A(OD) Orange 

Inhabited or potentially inhabited by 
fish during overwintering period 
when base flows are re-established. 
OD = Overwintering habitat, dries up 

Class A(OW) Magenta 

Used by salmonids in the winter. 
Summer use is restricted by high 
temperatures and/or low dissolved 
oxygen levels. No-salmonids 
generally present year-round. OW = 
Overwintering habitat, wet all year 

Class B Yellow 

Significant source of food, water or 
nutrients to downstream fish 
populations. No documented fish 
presence or reasonable potential for 
fish presence. 

Class C Green 
Insignificant food/nutrient value. No 
documented fish presence and no 
reasonable potential. 

 

1.3 Riparian Protection Methods 

Riparian corridor protection is currently provided in Schedule 3 of the Township’s OCP which provides guidance on 

streamside protection and enhancement through the establishment of Streamside Protection and Enhancement Areas 

(SPEAs)(ToL 2016b). The guidelines within Schedule 3 of the OCP apply to Development Permit Areas within the 

Township, which excludes all watercourses within the Agricultural Land Reserve. These SPEAs provide for a protected 

non-disturbance setback, the width of which is determined by the watercourse’s classification (Section 1.3 of 

Schedule 3) and include measures to protect and enhance streamside areas in accordance with Provincial Riparian 

Areas Regulation.  

 

Developments are to be setback from watercourses based on the width of the established SPEA (Table F-2). 
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Table F-2 
Streamside Protection and Enhancement Development Permit Area Widths 

Watercourse Class Colour Code 

Column A 
Minimum Streamside 

Protection and 
Enhancement 

Development Permit Area 
Width (m)1 

Column B 
Minimum Streamside 

Protection and 
Enhancement 

Development Permit Area 
Width (m)1,2 

A Red / Orange / Magenta 30 25 

A (roadside watercourse) Red / Orange / Magenta 7.5 5 

B (natural watercourse) Yellow 20 15 

B (constructed 
watercourse) 

Yellow 

 

Channel width ≥ 0.5 m 15 10 

Channel width < 0.5 m 10 7.5 

B (roadside watercourse) Yellow 6 3.5 

C Green 0 0 

U (unclassified) Blue TBD3 TBD3 

Fraser River and Bedford 
Channel 

n/a 30 30 

Notes:  
Source: Township of Langley OCP. Schedule 3-1. Available at: 
https://webfiles.tol.ca/CommDev/Community%20Plans/Official%20Community%20Plan%20(No.%201842).pdf 
1 Measured from top-of-bank or edge of floodplain. 
2 Subject to Section 4.15 of Schedule 3 of the OCP (i.e., where a watercourse is deemed by the Township as having unique characteristics or special 
considerations). 
3 In accordance with Section 4.15.5 of the bylaw. 

 

Development permits are required for all developments proposed within the SPEA. Schedule 3 of the OCP provides 

guidance for determining streamside setbacks between 0 m and 30 m for fish bearing and non-fish bearing 

watercourses. Any proposed modifications to the minimum setback distances is the responsibility of the Development 

Permit applicant through a survey completed by a qualified professional in accordance with the guidelines described in 

the bylaw.  

 

1.4 Aquatic Environment 

The NLIC ISMP study area consists of a major industrial stormwater drainage network, which collects water from 

upland residential and commercial areas (e.g., a cement plant, food processing plants, car washes, and gas stations). 

Extensive land development (i.e., industrial and residential) in the study area has resulted in aquatic habitat loss and 

degradation through channel re-alignment, flow alteration, and impacts to water quality.  

 

Aquatic features in the study area consist of one unnamed natural open watercourse located in the northwest corner 

of the study area that flows north into the Fraser River (Watercourse 1), two small ephemeral open drainage channels 

(Watercourse 2 and Watercourse 3), and three stormwater detention ponds that collect stormwater runoff within the 

study area. The study area drains northward to the Fraser River through Watercourse 1. 
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Due to urbanization and the presence of heavy industry in the NLIC, the watercourse and drainage channels are 

vulnerable to contamination through potential industrial dumping, spills and surface runoff. Water quality monitoring 

revealed that several key parameters (i.e., temperature, turbidity, dissolved oxygen, total metals) had 5-in-30 means 

that did not meet relevant water quality criteria1, indicating that, fish habitat in the study area is likely poor 

(Appendix B). This is a potential concern as the NLIC drains into the Fraser River and can impact fish and fish habitats 

downstream.  

 

A biophysical description of the aforementioned major watercourse and smaller drainage channels that were assessed 

are provided below.  

 

1.4.1 Watercourse 1 

Watercourse 1 is an open channel at the northwest corner of the study area that daylights from a large, concrete box 

culvert under 98A Avenue (Appendix A, Photo 1) and flows north for approximately 330 m before draining into the 

Fraser River (Map 3-1; Appendix A, Photos 2-3).  

 

This watercourse is characterized by a narrow, relatively straight channel with a riffle-pool morphology and substrate 

of primarily gravel/cobble and intermittent sections of fines. The watercourse has an average channel width of 4.6 m 

and average channel depth of 0.3 m. During the aquatic field assessment (October 2018), the watercourse had an 

average wetted width of 3.7 m and average wetted depth of 0.09 m. The banks are steep with signs of significant 

erosion. The riparian corridor is narrow (5-10 m) and consists primarily of Himalayan blackberry (Rubus armeniacus) 

with red alder (Alnus rubra), black cottonwood (Populus balsamifera ssp. Trichocarpa), and willow (Salix spp.) sparsely 

interspersed. Assuming there is no barrier to upstream fish passage from the Fraser River, this watercourse provides 

potential good summer rearing and overwintering habitat for salmonids; however, the 5-in-30 mean of wet and dry 

season surface water quality samples collected from the watercourse exceeded several parameters for the protection 

of freshwater aquatic life, including pH, total iron, total cadmium, total copper, total zinc and fecal bacteria 

(Appendix B, Associated 2019) likely limiting fish use (Appendix A, Photo 4). Furthermore, a foul odour (sewage / 

fertilizer-like) was noted during the field assessment and throughout the water quality sampling program.  

 

According to the Township’s watercourse classification system and OCP, this watercourse is classified as a Class A 

watercourse with a 30 m setback; however, current fish use is expected to be extremely low or nil due to the 

exceedances of the relevant water quality guidelines and standards. In addition, any fish presence would be limited to 

the 330 m downstream from the culvert outlet at Golden Ears Way due to the raised concrete lip (approximately 

0.6 m) and upstream piped sections preventing fish access further upstream.  

 

There is no documented fish presence in this watercourse (ENV 2019a). 

 

1.4.2 Watercourse 2 

Watercourse 2 is a drainage ditch that flows east, parallel and north of the railway that runs parallel to 98A Avenue 

(Map 3-1). This ditch is approximately 1.5 m wide and was dry during the aquatic field assessment (October 2018). 

The ditch is heavily vegetated with primarily Himalayan blackberry, willow, and grasses, and has no depositional or 

scoured substrate (Appendix A, Photo 5). The ditch is assumed to be seasonally connected to downstream fish habitat 

                                                           
1 Water quality was evaluated against the BC Approved Water Quality Guidelines: Aquatic Life, Wildlife and Agriculture (ENV 2018), the Canadian 
Council of Ministers of the Environment Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME 2018), the Greater Vancouver 
Sewer Use Bylaw (Greater Vancouver Sewerage and Drainage District 2007) and the Contaminated Sites Regulation Generic Numerical Water 
Standards (BC Reg. 375/96).  
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and is an intermittent source of food and nutrient supply. According to the Township’s watercourse classification 

system and OCP, this watercourse is classified as a Class C watercourse with no riparian setback, consistent with our 

field observations. 

 

1.4.3 Watercourse 3 

Watercourse 3 is a linear, uniform channel that flows north from 92A Avenue to approximately 115 m south of 

96 Avenue, where the remainder of the channel is assumed to be connected to the Class A watercourse approximately 

720 m downstream (Watercourse 1) through a network of underground pipes (ToL 2019). North of 92A Avenue, the 

channel was intermittently wetted during the aquatic field assessment (October 2018) (Appendix A, Photos 6-7). The 

channel has an average channel width of 1.5 m and average channel depth of 0.2 m. During the aquatic field 

assessment, average wetted width and depth of the intermittently wetted section was 1.1 m and 0.1 m, respectively.  

 

The channel is bordered by a narrow corridor (approximately 3 m) of primarily invasive Himalayan blackberry, red 

alder, and black cottonwood. The ditch is heavily vegetated with grasses and has no depositional or scoured substrate. 

The downstream reach of the open channel (85 m in length), South of 96 Avenue adjacent to the stormwater 

detention pond, has been converted to a concrete flume (1.2 m x 1.2 m) before flowing underground (Appendix A, 

Photo 8). During the field assessment, wetted depth was 0.04 m. Adjacent vegetation is limited to some overhanging 

Himalayan blackberry.  

 

Despite connectivity with Watercourse 1 720 m downstream, this channel is a negligible source of food and nutrients 

to downstream fish habitat due to lack of flow and minimal riparian vegetation cover. In addition, water quality 

samples taken from the channel had several parameters with 5-in-30 means from either or both sampling seasons that 

exceeded the applicable water quality criteria including temperature, pH, total iron, total cadmium, total copper, total 

lead, total zinc, and fecal bacteria (Associated 2019, Appendix B), which indicates poor water quality. According to the 

Township’s watercourse classification system and OCP, this channel (with the exception of the section converted to a 

concrete flume) is classified as a Class C watercourse with no riparian setback, consistent with field observations. 

 

1.4.4 Detention Ponds 

Three stormwater detention ponds were noted during the field assessment: South of Golden Ears Way along 199A 

Street, south of 96 Avenue bordered by railway lines at the western extent of the study area, and southeast of the 

96 Avenue and 201 Street intersection (Map 3-1).  

 

Pond 11 

The detention pond located along 199A Street (Pond 11) has altered and is being used as a parking lot. This has split 

the drainage channel around the base of the pond into two sections along the west and east sides of the parking. The 

channels flow north into an approximately 1.5 m diameter concrete culvert on the west side and an approximately 

1.1 m diameter concrete culvert on the east side, south of the railway (Appendix A, Photo 9). The average width of 

these channels is 2.3 m and the average channel depth is 0.4 m. During the field assessment, average wetted width 

and depths were 2.0 and 0.3 m, respectively, nearing capacity of the channel.  

 

Riparian vegetation is limited to cattail (Typha latifolia) and hardhack (Spiraea douglasii). 

 

Although it has negligible fish habitat, Pond 11 acts as a wetland, providing habitat to amphibians, small mammals and 

birds (Section 1.8.2). Samples for water quality in this area were taken from the piped stormwater system. Several 
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parameters had a 5-in-30 mean during either sampling season that exceeded the applicable water quality criteria, 

including temperature, pH, dissolved oxygen (DO), total iron, total cadmium, total copper, total lead, total zinc and 

fecal bacteria (Associated 2019, Appendix B). The water in the piped system was highly turbid, had an odour of 

sewage, and the monitoring probe was frequently retrieved from the manhole with sanitary debris stuck to it, 

indicating potential cross-contamination from the sanitary system. 

 

Pond 18 

The detention pond at the west extent of the study area is located south of 96 Avenue and is bordered by railway 

lines (Pond 18). Pond 18 is triangular in shape covering an area of approximately 1,500 m2 (Appendix A, Photo 10).  

 

Riparian vegetation is limited to Himalayan blackberry and grasses. Pond 18 was not observed under wetted 

conditions. 

 

Private Ponds 

The detention pond southeast of the 96 Avenue and 201 Street intersection covers an area of approximately 700 m2 

(Appendix A, Photo 11). This is noted as the unidentified stormwater pond in Map 3-1.  

 

Riparian vegetation is limited to grasses and sparse black cottonwood pole saplings.  

 

The unidentified stormwater pond was not observed under wetted conditions.   

 

1.4.5 Fraser River 

The study area is bound by the Fraser River to the north, which flows west into the Strait of Georgia (Pacific Ocean), 

approximately 40 km downstream.  

 

Although Fraser River intertidal habitat was not assessed during the field assessment, FREMP habitat classification 

system classifies portions of Fraser River shoreline along the northern boundary of the study area as green-, yellow-, 

and red-coded (FREMP 2017). The green-coded classification is defined as shoreline habitats where habitat features 

and functions are limited due to existing conditions (e.g., urban development). The yellow-coded classification is 

defined as shoreline where habitat features are of moderate value in structure and diversity due to existing conditions 

and support moderate fish and wildlife functions. Red-coded habitats include productive and diverse habitat features 

that support critical fish and wildlife functions on-site or as part of a more regional context and/or areas where habitat 

compensation has been previously constructed to offset habitat losses (FREMP 2017). The red-coded habitat is 

concentrated near the outlet of the unnamed Class A watercourse and is classified as such due to the adjacent 

creation of a marsh bench in 1992 as compensation for the alienation of mudflat areas (FREMP 2017). 

 

Fish surveys and studies have been completed in the Fraser River by government and non-government agencies and 

private consulting companies (ENV 2019a). The Fraser River is one of British Columbia’s most important rivers for fish, 

and numerous species of commercial, recreational, and/or cultural value have been documented in the vicinity of the 

study area including all four species of Pacific salmon (Chinnook [Oncorhynchus tshawytscha], chum [O. keta], coho [O. 

kisutch], and sockeye [O.nerka]), pink salmon (O. gorbuscha) rainbow trout (O. mykiss), cutthroat trout (O. clarkii), and 

the provincially Red-listed Lower Fraser River population of White Sturgeon (Acipenser transmontanus pop. 4) (ENV 

2019a). 
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Located immediately north of the study area, the Fraser River is susceptible to any contamination that may be 

originating within the NLIC. 

 

1.5 Terrestrial Environment 

The study area is highly industrialized and contains few greenspaces. A summary of the terrestrial wildlife and 

vegetation in the study area is provided in this section. This includes the identification of wildlife and vegetation 

species typical to the area and a list of rare or endangered wildlife and plants that are known to occur in the area. This 

section is based on a desktop review of existing terrestrial conditions and a terrestrial field assessment (August 2018) 

This section also incorporates terrestrial planning objectives from relevant documents to support the ISMP. 

 

1.5.1 Land Use and Vegetation 

The study area is located within the Coastal Western Hemlock (CWHxm1) biogeoclimatic zone and is characterized by 

cool summers and mild, wet winters (Meidinger and Pojar 1991). The study area has been altered from its natural 

condition since the early 1900’s by industrial activities and municipal infrastructure. The vegetation in the area is 

heavily disturbed. In general, the terrestrial environment of the study area can be defined under the following 

ecosystem classes: 

• Riparian forest 

• Wetland 

• Young forest and shrub 

• Agricultural 

• Industrial 

 

The riparian forest only occurs along the red-coded watercourse (Appendix A, Photo 12). The riparian corridor is 

narrow and steep. Overstory includes black cottonwood (Populus trichocarpa) and the understory is thick with invasive 

Himalayan blackberry (Rubus armeniacus) and morning glory (Calystegia sepium). This area would provide breeding and 

foraging habitat to numerous bird species and small mammals due to the presence of tree cavities, woody debris and 

groundcover vegetation.  

 

There is a remnant amount of wetland vegetation at a detention pond along 199A Street (Appendix A, Photo 13). The 

pond has been infilled with gravel and is being used as a parking area. Cattail (Typha latifolia) and hardhack (Spiraea 

douglasii) occur at the edges of the parking area and provides potential habitat for amphibians and bird species.  

 

There is a 1.2 ha young forest north of 96 Avenue and west of 203 Street (Appendix A, Photo 14). The forest mainly 

consists of cottonwood saplings (i.e. under five years old), with only a few mature beaked hazelnut (Corylus cornuta) 

trees on site and Himalayan blackberry with horsetail (Equisetum arvense) in the understory.  

 

Invasive shrubs (i.e., Himalayan blackberry) dominate disturbed areas, including along the CN railway and developing 

lots (e.g., property south of 93A Avenue). These areas contain few sparse mature trees and provide minimal habitat to 

wildlife.   

 

There is a small portion (approximately 1 ha) of agricultural land found south of 96 Avenue and west of 201 Street 

(Appendix A, Photo 15). These lands are either fallow (dormant) or used for forage. The small field is commonly 

dominated by grass and forb species and surrounded by hedges and blackberry. Although these areas are disturbed 

from their natural condition, they provide a permeable landscape for water. 
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Industrial areas predominate and heavily fragment the continuity of vegetated ecosystems across the study area. 

Industrial areas are characterized by hard surface development (i.e., roads, buildings) and are commonly impermeable, 

with patchy, fragmented green space along road sides and on private properties (Appendix A, Photo 16). Trees and 

shrubs growing in industrial areas in the NLIC are a mix of native and cultivated species with some mature specimens 

of Douglas fir (Pseudotsuga menziesii), western red cedar (Thuja plicata), and Douglas maple (Acer glabrum). 

Furthermore, the highly modified and trafficked nature of the area has brought in a number of invasive species such as 

Himalayan blackberry, English ivy (Hedera helix), and Canada thistle (Cirsium arvense). These vegetated areas provide 

some connectivity of green space, but typically only in the tree canopy layer (i.e., ground cover is highly fragmented by 

roads and buildings). Industrial areas are largely hard surfaced, promoting surface water runoff and concentrating 

flows to ditches and stormwater systems; however, green spaces with permeable surfaces within these areas capture 

water and return it to the ground water system. 

 

Because of the mild and moist climate, the study area has potential to support 12 provincially listed plant species 

(Associated 2019). Only two of these species are federally listed under Schedule 1 of the Species at Risk public 

registry. Neither of the two federally listed species have been identified within or near (i.e. 10 km) the study area 

(Table F-3).  

Table F-3  
Federally Listed Plant Species Known to Occur within 10 km of Study Area 

Common Name Scientific Name Habitat BC List1  SARA List2 

Streambank lupine Lupinus rivularis Along creeks and 
streambanks in 
sandy/gravelly 
substrates 

Red 1- E (2002) 

Roell's brotherella Brotherella roellii Within mixed 
second growth 
forested areas along 
streams 

Red 1- E (2010) 

Notes: 
Source: BC Species and Ecosystem Explorer. Available at: http://a100.gov.bc.ca/pub/eswp/ 
1 Red-listed species are indigenous species that are Extirpated, Endangered, or Threatened in B.C. Blue-listed species are indigenous species 
considered to be of Special Concern in B.C. 
2 E = Endangered: species facing imminent extirpation or extinction; T = Threatened: species that is likely to become endangered if limiting factors 
are not reversed; SC = Special Concern: species of special concern because of human activities or natural events. 

 

1.5.2 Wildlife 

Wildlife habitat in the study area is minimal and mainly suitable for small mammals, amphibians and birds. Although 

industrial areas are frequently disturbed, they may provide marginal habitat to small mammals and birds that will use 

(to some extent) any available habitat that is present and affords some benefit (e.g., feeding). Furthermore, racoons 

(Procyon lotor) are known to use forested, riparian, and industrial habitats for forage, cover, and movement. 

 

The small green spaces with trees and shrubs in the NLIC (e.g. within the riparian forest or young forest and shrub 

ecosystems) provide suitable habitat for deer and coyote, as well as nesting and perching habitat for raptors, owls, and 

song birds. There is minimal cover and suitable forage within a wildlife corridor; thus, it is unlikely that many large 

mammals utilize the study area. The Pacific water shrew (Sorex bendirii; listed as Endangered under Schedule 1 of 

SARA) is known to occur within 10 km of the study area and has a low likelihood to be found the forested riparian 
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habitat of tWatercourse 12. Oregon forestsnail (Allogona townsendiana; listed as Endangered under Schedule 1 of 

SARA) has been associated with bigleaf maple forests with Devils club and stinging nettle in the understorey and lots 

of leaf litter. No area within the study area matches this description. 

 

Amphibians will occupy riparian and wetland habitats. The federally listed northern red-legged frog (Rana aurora) is 

known to occur within 10 km of the study area and, although habitat is marginal, this species may breed in the wetland 

areas in the NLIC and move to nearby forested areas to overwinter. There is limited habitat for great blue heron 

(Butorides virescens; listed as Special Concern under Schedule 1 of SARA) within the study area.  

 

Mice, voles, and adult amphibians will use habitats in agricultural fields for forage or cover. These areas provide good 

hunting opportunities for birds of prey in the area, such as Cooper’s hawk or red-tailed hawk in search of small 

mammals.  

 

Based on a search of the Conservation Data Centre Species and Ecosystems Explorer3, 58 provincially listed wildlife 

species have potential to occur in the study area based on habitat suitability, though the likelihood of any of these 

species residing in the NLIC is low due to the urbanized and modified state of the environment. The results of the 

Conservation Data Centre search for occurrences of federally listed wildlife species within 10 km of the study area is 

presented in Table F-4.  

Table F-4  
Federally Listed Wildlife Species Known to Occur within 10 km of the Study Area 

Species Group Common Name Scientific Name Habitat BC List1 SARA List2 

Amphibian Northern Red-
legged Frog 

Rana aurora Still water for 
breeding 
surrounded by 
vegetated forest 
cover 

Blue 1-SC (2005)   

Birds Great Blue 
Heron, Fannini 
Subspecies 

Butorides 
virescens 

Riparian, 
Wetland 

Blue 1-SC (2010)   

Invertebrate Oregon 
Forestsnail 

Allogona 
townsendiana 

Bigleaf maple 
forest 

Red 1-E (2005) 

Mammal Pacific Water 
Shrew 

Sorex bendirii Riparian forest Red 1-E (2003) 

Notes: 
Source: BC Species and Ecosystem Explorer. Available at: http://a100.gov.bc.ca/pub/eswp/ 
1 Red-listed species are indigenous species that are Extirpated, Endangered, or Threatened in B.C. Blue-listed species are indigenous species 
considered to be of Special Concern in B.C. 
2 E = Endangered: species facing imminent extirpation or extinction; T = Threatened: species that is likely to become endangered if limiting factors 
are not reversed; SC = Special Concern: species of special concern because of human activities or natural events. 

                                                           
2 As the watercourse cannot be used for transportation upstream, and the banks of the watercourse are very steep.  
3 Search query was area based for CDF biogeoclimatic zone and habitats found in the study area. 
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