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Abbreviations
CCTV

Closed circuit television

GDI&I

Groundwater derived inflow and infiltration

GIS

Geographic information systems

GVS&DD

Greater Vancouver Sewerage and Drainage District

I&I

Rainwater inflow and groundwater infiltration, expressed in this report as flow per area
(L/ha∙d)

I&IMP

Inflow and infiltration management plan

IDF

Intensity, duration, frequency: statistical graphs for rainfall

LWMP

Liquid Waste Management Plan

LWSC

Liquid Waste Subcommittee of REAC

RDI&I

Rain derived inflow and infiltration

REAC

Regional Engineers Advisory Committee

WWTP

Wastewater treatment plant
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Executive Summary
Semi‐combined sewers were recently identified as an unrecognized type of sewer system through
discussions at the National Water and Wastewater Benchmarking Initiative’s I&I Task Group. Semi‐
combined sewer systems were once common in new construction across Canada as a means to provide
foundation and basement drainage without requiring the construction of storm sewers. As a result,
semi‐combined sewers are sanitary sewers receiving combined private sewer laterals or that have
extensive private‐side cross‐connections. They are believed responsible for chronic elevated I&I rates in
many neighbourhoods serviced before their prohibition.
Working with the Cities of Burnaby, North Vancouver and Surrey, Metro Vancouver developed and
tested a methodology to determine which neighbourhoods have a high likelihood of combined sewer
laterals or a significant percentages of cross‐connections. The presence or absence of basements, storm
sewer depths, ages of storm sewers relative to sanitary sewers, and ages of dwellings were the main
factors in determining the likelihood of semi‐combined sewers being present. A total of seven sewer
catchments were studied.
Of these, pre mid‐1960s catchments identified in the Cities of North Vancouver and Burnaby had the
highest I&I rates which ranged from 76,000 to 169,000 L/ha∙d with between 40% and 59% of the homes
identified as likely having cross‐connected drainage or combined private sewer laterals. Review of
repealed municipal bylaws indicate that when these catchments were first serviced, there was no
prohibition of basement or foundation‐drain connections to the sanitary sewer. In addition, incomplete
or shallow drainage infrastructure suggests that foundation drainage alternatives, apart from the
sanitary sewer, may be lacking for many of properties.
The findings from this study support the belief that rainwater inflow from foundation drains is a key
contributor to high I&I rates in many catchments. The methodology developed can help assist
municipalities to better understand I&I issues and lead to a better understanding of inflow from legacy
semi‐combined sewer systems.
Consequently, the following recommendations were made by the REAC‐LWSC at their June 16, 2016
meeting:
1. That REAC recognize that the methodology contained in this report is a tool in I&I management
to be applied as appropriate in the development of municipal I&I management plans;
2. That municipalities with sanitary sewer catchments with excessive I&I rates (typically 3 to 5
times the I&I allowance) apply the methodology outlined in this report to priority areas to help
identify potential private‐side I&I sources; and
3. That over the next two years, municipalities share their findings with Metro Vancouver and each
other through the sewerage area technical committees.
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Purpose
The updated Liquid Waste Management Plan (Metro Vancouver, 2010), requires the review and
evaluation of the rainwater inflow and groundwater infiltration (I&I) allowance into sanitary sewers as
follows:
Action 1.1.9

Metro Vancouver will work with municipalities to review historical data and adjust as
necessary the average inflow and infiltration allowance for regional trunk sewers and
wastewater treatment plants, and develop associated target allowances for municipal
sewer catchments associated with a 1:5 year return frequency storm event for sanitary
sewers to a level that ensures environmental and economic sustainability.

The I&I allowance is an important factor in determining when Metro Vancouver’s sewerage
infrastructure requires capacity upgrades; however, achieving the allowance in Metro Vancouver’s
sewers is dependent upon the effectiveness of municipal I&I management programs. Actual I&I rates
through Greater Vancouver vary greatly, with many municipalities and/or catchment areas greatly
exceeding the 11,200 L/ha d allowance (Metro Vancouver, 2015, p. A4).
The purpose of this study is to investigate whether foundation drain cross‐connections to the sanitary
sewer could be significantly impacting RDI&I in areas where the I&I rates are well beyond the 11,200
L/ha∙d allowance, as well as to determine in such instances whether the sanitary sewers are instead
semi‐combined sewers – i.e. sanitary sewer and storm are separated but stormwater from foundation
drains discharge into the municipal sanitary sewer.
Prior to recent municipal bylaws, many homes with basements were permitted to be constructed with
foundation drains that connected to the municipal sanitary sewer mains: i.e. combined private sewer
laterals connected to sanitary sewers. Such systems may be referred to as semi‐combined sewers to
distinguish it from a fully combined sewer system which includes road drainage.
Given the number of older homes with basements in many municipalities, it is possible that a significant
portion of I&I originates from foundation drains cross‐connecting through undocumented semi‐
combined sewers that were constructed possibly as late as the 1960s. In order to investigate the impact
of semi‐combined sewers, Metro Vancouver examined the contribution of rain derived inflow and
infiltration (RDI&I) from foundation drains in the City of Surrey, the City of North Vancouver and the City
of Burnaby based on the age of homes, gaps between construction times of storm and sewer pipe
installation, and areas with particular high I&I catchments. This study was based on the primary
assumption that homes with basements that were constructed prior to the installation of the storm
sewer are likely to have foundation drains connecting to the sanitary sewer.
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For this study, older sewer catchments in the City of North Vancouver, City of Surrey, and the City of
Burnaby were examined. Each study catchments selected has I&I greater than Metro Vancouver’s
allowance of 11,200 L/ha∙d. In addition, all three municipalities investigated have a large number of
homes with basements.
If a relationship can be identified between basements, building and servicing era, and measured I&I
rates, it is anticipated that a methodology can be developed to assist municipalities in identifying where
semi‐combined sewer type catchments might be located. This may allow for more effective targeting of
resources to manage I&I on a regional scale.
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Background
Causes of Excessive I&I
In 2014, as part of the implementation of the Liquid Waste Management Plan (LWMP), Metro
Vancouver evaluated the current I&I allowance of 11,200 L/ha∙d and its use in the calculation of basic
service flow for sewer capacity analysis (Metro Vancouver, 2014). Figure 1 shows the most recent I&I
estimates provided by municipalities for their catchments (Metro Vancouver, 2015, p. A5) with the
orange and red coloured catchments exceeding the current I&I allowance by a factor of 2 or more1.

Figure 1 ‐ Reported I&I for Municipal Catchments as per the 2015 Biennial LWMP

The 2014 study details the causes of excessive I&I and states that it is believed that the current I&I
situation has evolved from a combination of factors: material degradation over the decades; sewer
construction and lot servicing practices that may have been common prior to the 1970s; and “do‐it‐
yourself” repairs.

1

Estimates are generally extrapolations to estimated I&I for a 1:5 year return storm as determined using the
envelop method (Kerr Wood Leidal Assoc., 2011).
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Based on I&I studies conducted in Greater Vancouver and elsewhere, two I&I sources that are
repeatedly identified are groundwater infiltration and drainage cross‐connections originating from
private property (US Environmental Protection Agency, 1990; Strand Associates Inc., 2006; Kerr Wood
Leidal Assoc., 2011).
In managing I&I, municipalities have reported both success and difficulties in reducing I&I to the 11,200
L/ha∙d level (Boyland & Weismiller, 2011; Cheung, 2012). Previous work by Metro Vancouver and others
indicate that identifying and correcting cross‐connections to control RDI&I is essential for effective I&I
reductions, and that upwards of 80% of I&I may originate from private laterals (Kerr Wood Leidal Assoc.,
2011; US Environmental Protection Agency, 1990; Strand Associates Inc., 2006). However, the problem
may be that what is described as a “cross‐connection” may instead be the legacy of past standard
construction practices. I&I management work in London, Ontario demonstrated that the disconnection
of house foundation drains from sanitary sewers can reduce the RDI&I to near zero (Chambers, 2013).
An assessment by the City of North Vancouver’s I&I in 2012 determined that groundwater derived
inflow and infiltration (GDI&I) accounted between 10% and 16% of the total estimated I&I (City of North
Vancouver, 2012), ranging from 2,425 L/ha∙d to 17,000 L/ha∙d. In contrast, these catchments were
found to experience significant RDI&I, which accounted for 84% to 90% of the total I&I (City of North
Vancouver, 2012, p. 24).
Both the City of Richmond (Bie, 2013) and the Corporation of Delta (Cheung, 2012) report I&I rates at or
below the Metro Vancouver allowance of 11,200 L/ha∙d. These two communities have high water tables
but low I&I rates. This may be due to long standing quality control procedures for new sewer
construction, including private and public laterals, as well as the low percentage of basements that
would require foundation drains.
While the City of North Vancouver experiences low GDI&I, its RDI&I is exceptionally high, reported at
over 150,000 L/ha∙d for some catchments (City of North Vancouver, 2012). The majority of homes in the
City of North Vancouver have basements, with many homes constructed prior to the 1970s, some prior
to 1920. Although the City once had a small catchment of combined sewers, the remainder of the
municipality was serviced with sanitary sewers which were noted to experience high I&I (Rawn, Hyde, &
Oliver, 1953, pp. 85‐86). Furthermore, the storm sewer network in the oldest neighbourhoods of the
City is incomplete and appears to be designed primarily for road drainage. While the wide‐spread use of
drainage rock pits has been suggested as the construction alternative to keep basements dry
(Matsubara D. , 2015), the legacy of semi‐combined sewers in the City of North Vancouver may instead
be providing basement drainage and explain the high RDI&I rates that have persisted over the last 60
years.

Foundation Drainage Practices and Impacts
Foundation‐drain connections to sanitary sewer were permitted in the 1940s and 1950s in Vancouver to
both drain basements with inverts lower than nearby drainage ditches and to facilitate septic field
elimination (Grill, 2014). In addition, in Burnaby under a 1926 bylaw, all building drainage was required
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to be connected to either municipal sanitary or combined sewers via a single private lateral sewer until
around 19662. The extent that foundation drainage was permitted to connect to sanitary sewers in
other Greater Vancouver municipalities is not clear, but such connections should be anticipated as this
was until recently a common practice throughout Canada (Darbyshire, 2013; Parhami, 2013; City of
Saskatoon, 2007; CBC, 2009).
Identification of semi‐combined sewers can be challenging. Construction practices in some jurisdictions
allowed foundation drains to connect to sanitary sewers only with the use of sumps and/or traps
(Corporation of Burnaby, 1926; City of Saskatoon, 2007) which block sewer gases and smoke and
therefore prevent cross‐connection identification through smoke‐testing.
To provide a better understanding of how semi‐combined sewers may impact local I&I, historical sewer
construction practices in representative GVS&DD municipalities were investigated by examining
repealed sewer bylaws to determine if and when semi‐combined sewers may have been permitted. The
Cities of Burnaby, Coquitlam, North Vancouver, Port Coquitlam, Surrey and West Vancouver were
selected as their sewer servicing spanned several different eras and represent different development
patterns.
Burnaby’s Past Sewer Connection Requirements
Burnaby’s Plumbing Bylaw 4951 was adopted in 1966 and it replaced the previous plumbing bylaw,
Bylaw 542, which was passed in 1926. While both bylaws provided detailed descriptions of sewer
plumbing and connection requirements, it is the 1966 bylaw which first distinguishes between storm
and sanitary sewer requirements (Corporation of Burnaby, 1966). The 1926 bylaw makes no distinction
between drainage and sanitary wastes, and instead refers to all sewer connections as drains,
irrespective of the fluids conveyed:
“HOUSE DRAIN shall mean that part of the piping of the house drainage which
receives the discharge of soil, waste or drainage inside the wall of any
building…inside the foundation”
“HOUSE SEWER and HOUSE CONNECTION shall mean and include the sewer used to
convey the drainage from the house drains to the main sewer…”
(Corporation of Burnaby, 1926, pp. 3‐4)
Furthermore, Section 46 (11) of Bylaw 542 specifies that all “House Drains” must connect to “House
Sewers” (Corporation of Burnaby, 1926, p. 29), thus mandating the construction of semi‐combined

2

Semi‐combined sewers were permitted through Bylaw 542 (Corporation of Burnaby, 1926) which was repealed by
Bylaw 4951 in 1966 (Corporation of Burnaby, 1966).
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sewers throughout Burnaby until the bylaw was repealed in 1966. Therefore, it may be inferred that
any remaining pre‐1966 sewer lateral constructed in Burnaby are likely semi‐combined3.
Coquitlam’s Past Sewer Connection Requirements
Coquitlam’s first sewer bylaw was introduced as Bylaw 929. While this bylaw made no distinction
between drainage and sanitary sewers, it prohibited the discharge of drainage and surface waters to
sewer laterals through Clause 10 (District of Coquitlam, 1959, p. 3). The drainage water prohibition may
have been a result of the new preference by the then newly formed GVS&DD for separated sewer
servicing as outlined by Rawn et al. (1953) as well as the anticipation of sewage treatment.
The City of North Vancouver’s Past Sewer Connection Requirements
The City of North Vancouver Sewer Connection Bylaw 1201 was passed in 1930 and repealed in 1994
(City of North Vancouver, 1994). In contrast to Burnaby and Port Coquitlam, North Vancouver only
provided generalized descriptions of sewer connections to properties and did not contain any reference
to construction details or distinguished between drainage and sanitary sewage (City of North Vancouver,
1930). Unless there were policies or procedures which resided with the City’s plumbing inspectors,
there appears to have been no guidance with respect to the installation of sewer connections in the City
of North Vancouver until the introduction of the 1994 sewer bylaw.
Port Coquitlam’s Past Sewer Connection Requirements
Port Coquitlam’s first sewer bylaw is from 1958 and was first updated in 1964. Port Coquitlam’s 1958
sewer bylaw was similar to Coquitlam’s in that it prohibited the discharge of drainage and surface
waters to sewer laterals but it did not distinguish between drainage and sanitary sewers (City of Port
Coquitlam, 1958). The 1964 bylaw update reinforced this policy and distinguished between sanitary and
storm sewers. Just as the 1966 Burnaby sewer bylaw, Port Coquitlam specifically prohibited the cross‐
connection of foundation drainage to the sanitary lateral connections, and instead specified drainage
connections to ditches, storm sewers or rock pits (City of Port Coquitlam, 1964).
Surrey’s Past Sewer Connection Requirements
The earliest sewer bylaw for Surrey which has been identified is the “White Rock Sewerage Works
Construction and Loan Bylaw, No 875 in 1947. This bylaw was repealed and replaced by Bylaw 1034 in
1950 (District of Surrey, 1950). Under Bylaw 1034, definitions for “Common Sewer“ and “Sewer
Connection” were provided; however, construction requirements were not included or referenced.
“Sewer Connection” refers to the pipe in public rights‐of‐way that connected the private‐side connecting
sewers and drains to the “Common Sewer” (District of Surrey, 1950, pp. 1,5). However, this bylaw did
not define what liquids were to be conveyed through a “Sewer Connection”.
Bylaw 1034 was repealed in 1958 by Bylaw 1666. Under Bylaw 1666, a new definition for “House
Connection” was added to define the private‐side sewer connecting pipe or drain which led from the
3

Some sewer catchments in Southeast Burnaby and North Burnaby were initially constructed as combined sewers.
In these instances road drainage was added with the semi‐combined sewage to form fully combined sewer
systems.
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building to the property line. Although, Section 8 of Bylaw 1666 distinguished between storm and
sanitary sewers, this Bylaw did not define “sanitary sewage system”. However, this bylaw did prohibit
the discharge of drainage water to the sanitary sewer:
“… Domestic waste only shall be discharged to the sanitary sewerage system. Down‐
pipes, tile‐drains or any conduit collecting rainfall shall not be connected to sanitary
sewers…”
(District of Surrey, 1958, p. 3)
Furthermore, this prohibition was repeated under the sewer connection application described by
Schedule A of the same bylaw:
“…domestic waste only will be discharged to the sewage system. Down pipe, tile
drains or any water collecting conduit, will not be connected to sanitary sewers…”
(District of Surrey, 1958, p. 9)
Bylaw 1666 demonstrates progress to separately manage stormwater and sanitary sewerage. Bylaw
1666 was repealed in 1961 by Bylaw 1902. Under this new bylaw, “Drain” was defined as the private
lateral sewer (District of Surrey, 1961). It is not until Bylaw 2240 that groundwater was specifically
prohibited from being discharged to sanitary sewers and that the distinction between storm and
sanitary sewers is made (District of Surrey, 1965).
From 1958 to 1964, Surrey amended its sewer bylaws and their wording to more explicitly prohibit
rainwater and surface water discharges to sanitary sewers. While it may be inferred that Surrey had a
policy to prohibit the discharge of groundwater to sanitary sewers through Schedule A of the bylaws, it
was not until Bylaw 2240 that the main text bylaw wording prohibited the connection of foundation
drainage to sanitary sewers.
While the use of drainage rock pits have been identified by Surrey staff as a building requirement for
properties without storm sewers, it is unclear as to the extent rock pits construction given their
additional excavation costs and the generally poor permeability in clay soils.
It is possible that the remaining pre‐1965 sewer service laterals may have the characteristics of
combined sewer laterals, although no evidence has been found to support that wide‐scale semi‐
combined sewer systems were built in Surrey4.
West Vancouver’s Past Sewer Connection Requirements
The District of West Vancouver does not have a sewer bylaw, although sewer connection fee bylaws
exist. Consequently, the construction of the private‐side of all sewer laterals are not inspected by

4

Prior to 1957, the City of White Rock was part of the District of Surrey. Bylaw 875 may have supported the
construction of semi‐combined sewers in White Rock (District of Surrey, 1950).

Liquid Waste Services Department – Metro Vancouver

Page 11

Foundation Drains and Semi‐combined Sewers as Inflow and Infiltration Sources
Integrated Liquid Waste and Resource Management

June 2016

municipal officers and are self‐regulated by the builders (Kwan, 2015). This lack of requirements for
private laterals construction is similar to pre‐1994 City of North Vancouver under Bylaw 1201.
Impacts of Semi‐combined Sewers on I&I
Past private sewer lateral practices vary through Greater Vancouver with the likelihood that older, pre‐
1960s homes with basements may have been permitted to have combined sewer laterals which create
semi‐combined sewers when connected to sanitary sewers.
To assess the potential contribution significance of semi‐combined sewers on I&I, a study titled
“Weeping Tile Disconnection to Reduce the Impact on Basement Flooding”, in Ontario was examined.
Catchments containing properties with disconnected roof‐leaders were assessed in Burlington, Ontario.
This study showed an almost immediate RDI&I response to rainfall (Štetić, 2009). In this study,
foundation drainage connected to sanitary sewers responded as RDI&I and not as GDI&I. Similarly, in a
foundation drain disconnection pilot study in London, Ontario, results indicate significant RDI&I removal
upon the disconnection of foundation weeping‐tiles (foundation drains) from the sanitary sewers –
reductions to the point that the sanitary sewer flows showed negligible response to rainfall (Chambers,
2013).
From studies conducted in Ontario, it is possible that legacy semi‐combined sewer servicing may explain
some of the excessive and chronic high I&I rates for pre‐1970s catchments. However, decades of
additional subdivision and redevelopment have resulted in some neighbours more likely representing a
mix of servicing eras and under different sewer bylaws, potentially resulting in hybrid sanitary and semi‐
combined sewer systems.

I&I Management in North Vancouver, Surrey, and Burnaby
In the City of North Vancouver, over 80% of the City’s sewers were installed prior to 1970, with the
oldest sewers still in operation dating back to the 1910s. All of the catchments identified as having I&I in
excess of 67,100 L/ha∙d were constructed prior to the 1950s. The majority of the excessive I&I
potentially could be RDI&I related suggesting significant cross‐connections in these identified
catchments. Mainline rehabilitation in a portion of the 1st Street and St David Avenue catchment,
currently the highest I&I catchment in the City, yielded about 20% reduction in total I&I over two years
of monitoring. In that area, only a few private‐side storm drainage cross‐connections were identified
using smoke testing (Matsubara D. , 2014).
As part of their I&IMP, the City of Surrey completed a volumetric assessment of the data collected from
64 temporary flow monitoring sites as well as available data from their sanitary lift stations and
permanent flow monitoring locations. For example, I&I rates for three areas studied were estimated at
22,250 L/ha∙d for North Surrey, 17,100 L/ha∙d for Clayton‐Cloverdale, and 17,900 L/ha∙d for South
Surrey.
Surrey has several problem areas with elevated I&I levels that have been the focus of sewer evaluation
and rehabilitation programs to date. The City’s approach to I&I evaluation and rehabilitation projects
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typically includes CCTV inspection, manhole inspection, smoke testing, pressure testing and grouting.
Surrey reports investing nearly $5 million over the last few years with limited measureable
improvements in I&I rates.
The City of Burnaby has adopted a sewer system evaluation program involving sewer smoke and dye
testing and coordination with Building Inspections to identify potential cross‐connections, or other
illegal connections as a secondary means of sewer use bylaw enforcement.
All three municipalities are challenged by high RDI&I rates and have what appear to be separated sewer
systems. However, they are also challenged in pin‐pointing and isolating the many chronic I&I inputs
into their sewer systems.
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Foundation Drain Assessment
Problem Statement
A consistent observation among GVS&DD members I&I programs is that higher I&I has been observed
for catchments with pre‐1970s sewer systems, specifically with the pre‐1960s systems having much
higher I&I rates than new sewer systems. A significant portion of the excessive I&I in older catchments
could be associated with private lateral I&I.
Many municipal pipe inspection, repair and rehabilitation focus on municipal mainline sewers, but may
not achieve the anticipated I&I reduction. It is possible that pre‐1970s private sewer laterals with cross‐
connections to foundation drains may be contributing significant I&I in older catchments. Due to the
number of serviced properties, the practicalities of inspecting and remediating private laterals and
associated cross‐connections would is a significant task.
The importance of historical (pre‐1970s) foundation drain cross‐connections and the associated rapid
hydrologic response to rainfall should be considered as a possible source of significant RDI&I. Assessing
high I&I areas of the City of Surrey, the City of North Vancouver, and the City of Burnaby to determine
the number of properties with a high likelihood of cross‐connections will aid in understanding the
impact of foundation drain cross‐connections and its relationship to I&I.

Primary Objectives
The primary objectives of the study are as follows:
1. Determine the number of homes with basements that pre‐date the storm sewer for each study
catchment area;
2. Identify a series of indicators for homes that have a high likelihood of having a foundation drain
that cross‐connects to a sanitary or a semi‐combined sewer;
3. Develop estimate of percentage of I&I resulting from potential foundation drain cross‐
connections;
4. Assess areas with a high I&I with those with high likelihoods of foundation drain cross‐
connections for any correlations; and
5. Develop a conclusion on the overall impact of cross‐connected foundation drains on high I&I
rate catchments in Metro Vancouver.

Secondary Objectives
The secondary objective of this study is to provide a framework and assistance for municipalities when
estimating the impact of RDI&I and in developing I&I reduction programs.
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Expected Benefits
By assessing catchments in the Cities of North Vancouver, Surrey and Burnaby, a preliminary
investigation to understanding why particular sewer catchments may be experiencing high I&I was
completed and thereby may help provide some guidance in developing more effective I&I management
strategies. This study is intended to aid municipalities in identifying private laterals with potential
foundation drain cross‐connections and whether these are a significant I&I source.
Identifying and reducing areas of high I&I will have a large impact in meeting I&I allowances, resulting in
benefits for both member municipalities and Metro Vancouver. For example, in the District of North
Vancouver, cross‐connection removal on private sewer laterals by the District so far shows significant
promise as a positive cost/benefit technique to reduce inflow (Carroll, 2014).
There was also been extensive cross‐connection elimination work in the City of Vancouver to increase
the sewer service capacity in the Copley and Collingwood sewer catchments. Vancouver has
determined that sanitary sewer servicing to many existing, formerly rural homes in the 1940s and 1950s
had created a significant I&I problem in the City’s sanitary system and Metro Vancouver’s Copley and
Collingwood sanitary catchments. Through a combination of enforcement of the City’s Plumbing Bylaw,
where property owners are ordered to remove discovered cross‐connections, and redevelopment,
cross‐connections and I&I rates were significantly reduced (Grill, 2014).

Area of Investigation
To determine whether foundation drain cross‐connections may be a significant contributor to I&I, five
areas of high I&I were identified for investigation. These areas are located in the City of Surrey, the City
of North Vancouver, and the City of Burnaby:
South Surrey near the intersection of 156th Street and 18th Avenue;
North Surrey near the intersection of 142nd Street and 108th Avenue;
City of North Vancouver near the intersection of 6th Street and Moody Avenue;
City of North Vancouver near the intersection of 10th Street and Moody Avenue; and
City of North Vancouver near the intersection of 18th Street and St. Andrews Avenue.
City of Burnaby west of Smith Avenue, between Forrest Street and Manor Street – Copley
Catchment
7. City of Burnaby near Parker Street and Alpha Avenue and Charles Street and Madison Avenue –
Will‐Brent catchment.

1.
2.
3.
4.
5.
6.

I&I rates are currently between 25,000 L/ha d and 45,000 L/ha d in the City of Surrey, between 75,000
L/ha d and 170,000 L/ha d in the City of North Vancouver and between 79,000 L/ha d and 92,000 L/ha d
in the City of Burnaby for the study areas we looked at.
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Project Limitations and Assumptions
The investigation was based on information that could be gathered from aerial photograph sources,
such as Google Maps, City of Surrey, City of North Vancouver, and the City of Burnaby GIS sewer
mapping, as well as from visual inspections and discussions with homeowners in the areas studied.
In order to determine the likelihood of a house having a foundation drain cross‐connected to the
sanitary sewer, the following assumptions were developed throughout the investigation:














Houses without basements were assumed not to have foundation drains and therefore would
not contribute to I&I, regardless of the presence of a storm sewer.
Houses with basements that have storm and sanitary constructed in the same year were
assumed to have foundation drains connecting to storm sewers.
Houses with basements that have storm or sanitary constructed within three years of each
other were also assumed to have foundation drains connecting to storm sewers and therefore
would not contribute to I&I (as house construction may not have followed immediately after
sewer installation).
Houses with basements that have a storm sewer that was installed more than three years after
the sanitary sewer were assumed to have potential foundation drains cross‐connecting to the
sanitary sewer, which if typical of the neighbourhood, would indicate a semi‐combined sewer.
Since the storm sewer was installed years later, basement drainage is assumed to have been
achieved via the sanitary sewer, particularly when drainage ditch inverts are higher than the
basement elevations.
Houses with basements located on a street without a storm sewer were assumed to have
foundation drains connecting to a semi‐combined sewer and would contribute to I&I.
Houses with above ground crawl spaces beneath the house were assumed not to have
foundation drains and would not contribute to I&I.
It is possible that for houses with half‐basements, rainwater may drain around the house if
located on a slope. However, due to ambiguity, half‐basements were treated the same as
basements and it was assumed the foundation drain would connect to either a semi‐combined
or sanitary sewer and would contribute to I&I.
Older homes that have undergone renovations were assumed not to have updated their private
laterals and would still contribute to I&I if there was a basement that pre‐dated the storm
sewer.
Homes built in the last 15 years in areas where there did not appear to be a storm sewer
present were assumed to either connect to a storm sewer that had not yet been updated on city
maps or to have another method for dealing with rainfall (e.g., sump pump or backyard rock
pit). Municipalities are no longer permitted to connect homes to sanitary sewers and in some
cases, there was evidence of new storm sewers that were not yet updated on city maps.

In addition to the assumptions listed above, there were a number of limitations to the project that are
important to acknowledge:
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Only neighbourhoods with measured I&I in the City of North Vancouver, the City of Surrey, and
the City of Burnaby were evaluated.
Sewer and basement inverts were not compared.
In City of North Vancouver, there was some difficulty in distinguishing newer homes from
renovated homes since the renovated homes were completed to look similar to the vintage
homes from the early 1930s.
It is difficult to pin‐point what is causing I&I issues in areas that do not fit the theories described
in this report.

For some locations, particularly the City of Surrey, there were many unfilled ditches present in relation
to houses with basements. This could mean that at some point, surface drainage may have been
directed to the ditch instead of to a sewer system. However, in these cases, these ditches were very
shallow and would not be deep enough to drain the foundation, indicating mostly surface drainage.
(Figure 2).

Ditch

Basement

Sanitary
Figure 2 ‐ Foundation Drainage Schematic

In some cases during the investigation, there were houses with PVC one inch diameter drain piping
leading to a ditch. Since the investigation’s scope did not allow for detailed investigation on private
property to determine the function of these pipes (they may be for surface water or roof downspouts),
such houses with basements were still assumed to likely have foundation drain cross‐connections.
However, it is possible the foundation drainage to the ditch could be connected using a sump pump but
this was not confirmed with the home owners.
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Investigation Procedure
Preparatory Work
Areas for investigation were selected based on catchments with high I&I rates, relationship between the
age of storm and sanitary sewers, and catchments with older homes with majority of basements. Some
neighbourhoods in the City of Surrey, the City of North Vancouver, and the City of Burnaby have very
high I&I rates with many areas having storm sewers installed decades after the sanitary sewer or in
some areas, missing storm sewers altogether. Using municipal and Metro Vancouver sewer system
maps, the age of sanitary and storm sewer variance was determined. In addition, Google Maps was used
to obtain an overview of the proposed study areas to gain a perspective of the prevalence of basements
using the Street View function. However, this proved difficult since shrubbery and limited street side
views made basement and property slope assessment difficult. A walk about through the
neighbourhoods was necessary to get a full perspective of the homes for the study.

Field Investigation
Once the catchments were identified, Metro Vancouver staff conducted a field investigation to
determine the number of houses with high potential for foundation drain cross‐connections to sanitary
sewers. Houses with basements that pre‐dated the storm sewer were highest criteria, especially if the
storm was newer than the sewer pipes and if the homes outdated the storm pipes. Other areas of
interest were homes with no storm sewer installation. Even newer homes were taken into account as it
was not always possible to know where their basements were draining too, particularly if there was no
storm sewer servicing. It is possible that these newer homes had rock pits installed to service
foundation drains but this was not identified5.
The field investigation consisted of Metro Vancouver staff performing site visits to study area streets to
visually inspect properties. During the field investigation, some of the residents of the neighbourhoods
were willing to share their knowledge regarding the ages of their homes and had knowledge of the age
of their neighbour’s homes since it was sometimes difficult to distinguish the characteristics of the
properties. Trying to identify the age of the homes was sometimes difficult since many homes had
either been renovated or some had their private laterals replaced. The flowchart shown by Figure 3 was
developed for use in the field to determine the I&I potential of each house.

5

Furthermore, the practicality of rock‐pits for foundation is questionable when there are deep basements and
relatively flat topography as this would necessitate a substantial amount of excavation to be undertaken.
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Figure 3 ‐ I&I Contribution Potential Flowchart
Does the street
have a storm
sewer?

Yes

No
Yes

Were the storm and
sanitary constructed
within 3 years of each
other?
No

Yes

Does the house
appear to be newer
than the storm
sewer?

Assume house
was connected to
the storm sewer.
No I&I problem.

Does the house
have a basement
or half‐ basement?

No

Yes

Yes

Is there a ditch?

Assume no
foundation drain
or I&I problem.

Yes

No

No
No

Is there a drain pipe
connected to the ditch
that looks deep enough
to drain a basement?

No

Foundation drain must
be connected to sanitary
sewer. Assume potential
I&I problem.
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Field Observations
South Surrey – 156th St. and 18th Ave.
The area delineated for South Surrey extended from 16th Avenue to 20th Avenue (see Appendix A, Figure
22). The majority of houses, north of 18th Avenue, had both storm and sanitary sewers that were
constructed in the same year. Based on the project limitations, no field investigation was conducted in
the north half of the study area, with the exception of 156th Street and Aster Road, which did not have
storm sewers constructed in the same year as the sanitary.
The likelihood of foundation drain cross‐connections is believed limited west of 156th Street as almost
none of the houses in the area had basements. There was one house on 16a Ave, 17 Ave, and 17a Ave
with basements that could potentially contribute to I&I. Two of these houses (Figure 4 and Figure 5)
were estimated to be between 60 to 80 years old and were once likely serviced by septic systems and/or
sump pumps draining to ditches prior to the development of the area. The house shown in Figure 5 and
Figure 6 had a ditch in front of the house, which had PVC drain pipes entering the ditch. Since staff were
not able to determine the exact source of these pipes, which could be either surface drainage or a sump
pump, these houses were flagged as draining to the sewer.

Figure 4 ‐ Older Farmhouse‐style House on 17 Avenue, City of Surrey
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Figure 5 ‐ House with Basement with filled in ditch on 17A Ave, Surrey

Figure 6 – PVC Drain Pipe to Ditch (17A Ave), Surrey
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East of 156th Street there were a number of houses identified as potential I&I contributors. 157th Street
had the largest potential for foundation drains connecting to sanitary sewer since the houses had
basements with no evidence of storm sewers. In addition, there was no indication of ditches along most
of the street upon the walk‐about. It’s important to note that the soil type in this area is most likely
sandy loam with some gravel and small stone for at least the first 50 to 75 cm over an impervious clay
layer. So with that, the homes with basements will be constructed into that clay layer which would need
to be properly drained most likely to the sanitary sewer if no storm pipe is available.
There were similar conditions along 156th Street and Aster Road in Surrey. The storm sewer along 156th
Street was not installed until 1986, but most homes appeared to be constructed at the same time as the
sanitary sewer, which was installed in the early 1970s. Aster Road had a fewer number of houses with
basements, and had a series of catch basins (Figure 7). The catch basins were installed along with the
storm sewer in 1993 (sanitary was installed in 1980).

Figure 7 ‐ Catch Basin on Aster Road for Surface Drainage

Figure 8 shows a house on 18th Avenue with an unknown drain pipe discharging to a ditch; it is unknown
whether the pipe is for surface drainage, perimeter drains, or whether it is for sump pump discharge.
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Figure 8 ‐ Drain pipe leading to ditch (18th Ave), Surrey

North Surrey – 142nd St. and 108th Ave.
It was necessary to investigate almost every house located in the delineated area (see Appendix A,
Figure 23) since few streets had sanitary and storm sewers that had been installed within the three year
time frame criteria. Also, basements were much more prevalent in North Surrey than in South Surrey
and a much larger percentage of houses were identified as potential contributors to I&I since most
homes appeared to be constructed in the 1960s and 1970s, the same time as the sanitary sewer. Some
streets did not receive storm sewers until the 1990s.
141st Street had the largest number of homes with basements likely cross‐connecting to the sanitary
sewer. The majority of houses along the street were built in the 1960s, likely around 1965 when the
sanitary sewer was constructed. The street did not receive storm sewer until 2012 and as a result,
almost every home on the street was flagged as potentially contributing to RDI&I. While other streets
had a mix of houses with and without basements, similar to South Surrey, there were several homes
that still had ditches running along the street with unidentified drain pipes. These drain pipes did not
appear deep enough to drain the basement and were more likely related to surface runoff (Figure 9).
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Figure 9 – Ditch with PVC Drain Pipe

North Vancouver – 10th St. and Moody Ave.
The first area investigated included six blocks around 10th Street and Moody Avenue. The City of North
Vancouver has some of the oldest sanitary sewers in Greater Vancouver and the sewer system in this
neighbourhood is one of the oldest in the city, with many sanitary sewers installed between 1910 and
1930. However, the storm sewer is much younger, varying from 1960 to 2013, and for some blocks
there are no storm sewers. Several of the homes in the area are heritage homes and most, if not all,
have basements.
Staff had some difficulty determining the vintage of each home in the neighbourhood as many of the
older homes have had exterior renovations and most of the new homes were constructed to resemble
older homes to preserve the neighbourhood’s historic appearance. Early in the study, it was necessary
to speak with many homeowners and residents in order to identify features that indicated the age of
each home. Figure 10 is an example of two houses located on 10th Street. The house on the left is a
heritage home from the 1910s, while the house on the right was constructed within the last ten years.
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Figure 10 ‐ Similar style but Different Era (Houses on 10th Street, North Vancouver) (Google, 2015)

Some of the newer homes either did not have basements or were located on streets that had been
serviced with storm sewer since the house had been built. One house model of slab‐on‐grade from the
1970s was popular along streets that had newer storm sewers or were not yet serviced by a storm
sewer (Figure 11).
Unlike the City of Surrey, there was no evidence of ditches in the City of North Vancouver. Given the
age of the storm sewer in comparison to the age of the homes and sanitary sewer, foundations most
likely drain to the sanitary sewer and it is likely this area was originally constructed as a semi‐combined
sewer system.

Figure 11 ‐ 1970s House on 10th St., North Vancouver (Google, 2015)
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North Vancouver – 6th St. and Moody Ave.
The second area of Investigation included nine blocks around 6th Street and Moody Avenue. Storm
sewers are limited in the area and its servicing appears to be mostly designed as semi‐combined sewers.
The sanitary sewers run along the main street on Keith Road and 7th Street, servicing both sides of the
street, but beginning on 6th street the sanitary only services one side of the road since the opposite side
is serviced behind the house in the back lane.
Also, the storm sewers are mostly located in the back lanes. The storm sewer rarely continued for the
whole length of the street and it was assumed that the storm sewer only serviced the homes draining
down to the lane, instead of both sides of the street. Since there is limited storm sewer servicing along
the residential streets, the sanitary sewer is likely taking foundation drainage in these areas as well.
Many of the older homes in the area have been renovated and homeowners indicated the city required
them to connect to the storm sewer. However, since storm sewers where absent in some areas,
homeowners were unable to comply; therefore, implying foundations that are draining to the sanitary
system.
Along the east end of 7th street, there were four brand new homes with storm sewer installed in the
back lane; even though it was not documented in GIS documentation, it was visually noted. In other
areas, there were new homes with no visual evidence of storm sewers making it possible that these
homes were connected to the sanitary sewer. However, discussions with the City of North Vancouver
indicated rock pits are sometimes utilized for new construction to contain lot drainage (Matsubara D. ,
2015). This suggests that rock pits are used for newer construction when no storm sewer is available6.

North Vancouver – 18th St. and St. Andrews Ave.
The final area of investigation in North Vancouver included 6 blocks around 18th Street and St. Andrews
Avenue. Many of the homes in this area were vintage 1950s and 1970s. In addition, there were some
newer homes that had been constructed in the 1990s, which had likely replaced older homes. There was
the occasional historic home as well.

North Vancouver Wet‐Weather Observations
City of North Vancouver and Metro Vancouver staff inspected a number of inspection chambers (ICs) in
December 2015, just after a large storm event. Some municipalities have access to these ICs which can
be used for spot checks on sewer flows from properties connected to the sanitary system. Unless the
home owners are flushing toilets, doing laundry, having a shower; or other means of waste water
leaving the property, these ICs should be dry even under wet weather conditions. However, upon site
investigations with the city staff, it was noted that there was at least 0.20 L/s flows in more than a dozen
or so ICs when opened and inspected. These flows were clean water with no odour and no debris
indicating groundwater or roof leads. Given the clarity of the water and the missing of solids, soaps or

6

The effectiveness of rock pit sizing for city lots in the case of the City of North Vancouver was not evaluated.
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suds it is clearly evident storm water is entering the sanitary system as shown in Figure 12. Figure 12
and
Figure 13 were taken several hours after a large storm event in December 2015. Most of the ICs were
easily located; however, some were buried over time and not identified. Many of the municipalities do
not have access or do not have ICs installed.

Figure 12 – IC inspection in North Vancouver

Figure 13 – IC stand pipe in the City of North Vancouver
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Burnaby – Copley
The areas investigated were between Boundary Road and Smith Avenue, and Linwood Street and Spruce
Avenue. Another section investigated was near Norfolk Street and Manor Street.
The Copley neighbourhood is most likely serviced by a semi‐combined sewer system. There are few
ditches providing drainage service, with most drainage provided by relatively new storm sewers. Older
homes appeared to either have been constructed in the 1940‐50s with the newer homes constructed in
the 2000s and later. The homes built in the 1940s and 1950s were constructed decades before storm
sewers were installed under Burnaby’s sewer bylaw which allowed only combined service laterals7 and
were the homes Metro Vancouver focused on in this investigation. Figure 14 shows how the catchment
is now a mix of older and newer homes. The Copley catchment had the largest difference in storm and
sanitary sewer construction dates of all the catchments studied: on average between 20 to 30 years age
difference and which is suggestive of a ditch elimination program.

Figure 14 – Copley Catchment (different eras of house construction), City of Burnaby

7

Between 1926 and 1966, Burnaby’s sewer bylaw allowed only one service lateral for both lot drainage and
sanitary sewer service. A trap was required on the lateral (Corporation of Burnaby, 1926).
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Burnaby – Will‐Brent
The area investigated in the Will‐Brent catchment in the City of Burnaby is bounded by Charles Street
and Whitsell Avenue; Madison Avenue and Grant Street; and a larger area encompassing Carleton
Avenue/Gamma Avenue and Union and Parker Streets. Compared to the Copley catchment, the Will‐
Brent catchment has steeper slopes and more numerous ditches that may be suitable to drain
foundations. The age of the catchment suggests it was subdivided and serviced with separate storm and
sanitary laterals per Burnaby’s 1966 sewer bylaw. Many of the properties have ditches in their back
alleys which seem to be collecting surface runoff and appear in many instances to be deep enough to
accept foundation drainage.
Conversations with property owners in the Will‐ Brent area indicate that when the storm sewers were
installed, they were not laid deep enough to drain basement foundations and that sump pumps were
not added to pump the foundations water to the new storm sewer. Therefore, in these instances, rain
and drainage water continue drain either to the sanitary sewer or downslope to ditches such as those
shown in Figure 15 and Figure 16. This appeared to the case near Westlawn Drive and Beta Avenue,
south of Parker Street where all houses on these streets have ditches in their back alleys that appear
deep enough to drain building foundations. However, more detailed investigation is be needed to
confirm this and the overall number of drainage lateral cross‐connections to the sanitary sewer may still
be very high in this catchment

.
Figure 15 – Back yard property in Will‐Brent potential foundation drain discharge to ditch
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Therefore, I&I estimates for two scenarios are shown in Table 5 on page 39: A) a low rate of drainage
connecting to laneway ditches and corresponding high I&I contribution, and B) a high rate of drainage
connecting to laneway ditches and corresponding low rate of I&I contribution. Scenario A likely over
estimates I&I contributions as it includes homes believed to drain their foundations into ditches in back
alleys and would account for 102% of the catchment’s RDI&I. Scenario B assumes many home
foundation drain into downslope ditches which lowers the estimated RDI&I contribution to 26%.

Figure 16 – Back yard property in Will‐Brent potential foundation drain discharge to ditch
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Results
Calculation Methodology
Upon completion of the field investigation, each house within the delineated study area was identified
as having either low potential or high potential to contribute to I&I in the area. The total number of
homes with high I&I potential were then used to estimate the I&I rate within the delineated area.
The main I&I variable was used to calculate an estimated I&I rate was based on the average house area
footprint and the local 12 h storm intensity from the nearest Metro Vancouver rain gauge8. A 1:5 year
return period storm was used because it corresponds to the same return frequency used by the
envelope method for I&I estimation (Kerr Wood Leidal Assoc., 2011) and therefore allows for
comparison with the I&I estimated by municipalities. To estimate the I&I for cross‐connected homes, it
was assumed that only rain falling on the roof of the house would seep into the foundation weeping
tiles and thus drain to the sanitary sewers; any other rainfall on the property would be absorbed into
the ground or runoff to ditches9.
The average house area was calculated using GIS from a sampling of high I&I potential houses in each
area of study. The 5 year storm intensity over a 12 hour period was 4.3 mm/h in Surrey and 5.8 mm/h in
North Vancouver and 5.2 mm/h for the City of Burnaby and these numbers were taken off the IDF
curves provided by Metro Vancouver’s data analysis group. Finally, the following formula was used to
calculate the peak I&I variable for each area:
&

⁄

⁄
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The I&I rate was then calculated using the following formula:
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8

Although I&I is commonly estimated using the envelop method and a 1:5 year return, 24h storm duration, higher
I&I rates are expected to occur for somewhat shorter storm durations. Therefore, a 12h storm was selected as a
compromise between the 24h storm and a storm more representative of the catchments time of concentration.
9
Roof downspout disconnection directs roof runoff to the landscape in close proximity to permeable areas around
building foundations. Research in London, Ontario for neighbor hoods with roof downspouts disconnected
showed significant I&I response to rainfall in foundation drains (Chambers, 2013). Alternately, roof downspouts
may also direct runoff to ditches or storm sewers if so constructed. In combined sewer areas such as Vancouver,
roof downspouts of older homes interconnect with the weeping tile system of the foundation drain prior to the
sumps. It is also possible that lot grading and topography may some direct lot runoff towards the house
foundations. Some study catchments had topography with pronounced slopes perpendicular to the streets which
would direct rainfall to one side of a building’s foundation.
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Selecting Rainfall Duration
The I&I rates determined by the Cities of Burnaby, North Vancouver and Surrey for their broader I&I
study catchments used the Envelope Method. Without the data and calculations details for each study
area it is not possible to determine which storm duration is most closely associated with the estimated
1:5 year RDI&I as these estimates are not necessarily derived from 24 hour duration storms10.
In the case of semi‐combined sewers and cross‐connected sewer lateral, inflow is expected to occur
quite rapidly and the affected catchments will likely exhibits hydrologic responses similar to storm
sewers or combined sewers. Thus, a 24 hour duration storm likely does not have sufficient rainfall
intensity needed to create peak inflow rates. As well, very short duration, high rainfall intensity storms
may lack sufficient duration (versus the catchment time of concentration) to achieve peak inflow rates.
Consequently, storm durations between 1 hour and 12 hours may better reflect the critical storm
duration associated with peak RDI&I.
For the purposes of this assessment, the 12 hour storm intensity duration for the 1:5 year return period
was used in the calculations. This duration is less likely to overestimate inflow contribution by having a
lower rainfall intensity than 1, 2, or 6 hour storm durations. Rainfall intensities for each rain gauge used
are provided by Table 1.
Table 1 Comparison of Rainfall Intensities for 1:5 Year Return for Different Storm Durations
Metro Vancouver Rain Gauge
Location
Gauge
South Surrey
WK47
North Surrey
SU56
City of North Vancouver
VN52
Burnaby Copley & Will‐
VA4
Brent

0.5h
21.8
22.6
25.6
21.0

1h
15.2
15.5
16.2
14.0

Rainfall Intensity (mm/h)
2h
6h
12h
11.1
6.3
4.3
10.8
7.2
5.7
10.9
7.7
5.7
10.1
6.7
5.2

24h
2.9
3.9
4.0
3.6

48h
1.9
2.7
2.8
2.3

10

The Envelope Method determines RDI&I by using flow monitoring data to create event hydrographs which are
then compared to rain gauge data. Peak RDI&I is then plotted against its associated maximum cumulative 24 hour
rainfall which are obtained for different storm durations and intensities; these may or may not include 24 hour
duration rain events in the data set. A curve is then fitted to represent the best relationship for the plotted data:
RDI&I and 24 h total rainfall volume. It is then shifted upward to align with the upper plotted points as an upper
envelope. This shifted curve is then used to determine the 1:5 year RDI&I (Kerr Wood Leidal Assoc., 2011, p.
Appendix D).
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South Surrey
The number of homes identified as high potential I&I contributors in South Surrey is detailed in Table 2.
Only 8.5% of houses in the area of study were potential contributors to I&I through foundation drains;
however, the small percentage had a notable impact on the I&I rate.
Table 2 ‐ Summary of Results for South Surrey

Average house area (sq. ft.)
12h storm intensity (mm/h)
Peak I&I (L/s)
Area (ha)
No. of houses w/ high I&I Potential
No. of houses w/ low I&I Potential
% of houses high I&I Potential
Calculated I&I (L/ha∙d)
Actual I&I (L/ha∙d)
% due to foundation drains

1700
4.3
0.1886
52.884
43
461
8.5%
13,253
25,191
52.6%

Figure 1, p. 7 shows the current reported municipal I&I per catchments. By overlaying the delineated
area of study with this map, the municipally reported I&I rate can be compared with the estimated I&I
rate (Figure 17, p. 34). As shown in Table 2, the actual I&I rate in South Surrey is approximately 25,000
L/ha∙d and the calculated I&I rate is approximately 13,250 L/ha∙d. This represents 53% of the total I&I
for the area.
If the RDI&I contribution of 13,253 L/ha d was addressed and eliminated by eliminating foundation drain
cross‐connections to the sanitary sewer, the total I&I may reduce to 11,938 L/ha d. This I&I rate is much
closer to the Metro Vancouver I&I allowance of 11,200 L/ha d.
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Area 1

Area 2

Area 3

Figure 17 ‐ Actual I&I for South Surrey

Liquid Waste Services Department – Metro Vancouver

Page 34

Foundation Drains and Semi‐combined Sewers as Inflow and Infiltration Sources
Integrated Liquid Waste and Resource Management

June 2016

North Surrey
The number of homes identified as high potential I&I contributors in North Surrey is detailed in Table 3.
A much larger percentage of homes, 26%, were identified in North Surrey when comparing with the
8.5% of homes in South Surrey.
Table 3 – Summary of results for North Surrey

Average house area (sq. ft.)
12h storm intensity (mm/h)
Peak I&I (L/s)
Area (ha)

1600
5.8
0.2395
56.01

No. of houses w/ high I&I Potential
No. of houses w/ low I&I Potential
% of houses high I&I Potential

117
303
27.9%

Calculated I&I (L/ha∙d)
Actual I&I (L/ha∙d)
% due to foundation drains

43,219
45,862
94.2%

Figure 18 shows the reported I&I for the area of study in North Surrey. The municipally reported I&I
rate for this area is approximately 45,750 L/ha∙d and the calculated I&I rate is approximately
43,200 L/ha∙d. This represents 94% of the total I&I for the area, indicating that foundation drains
potentially account for a large portion of I&I in the lower mainland. GDI&I may be a much smaller
contributor than RDI&I and it is important for municipalities to investigate this issue to ensure I&I
reduction programs are targeting the best ways to reduce I&I rates.
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Figure 18 ‐ Actual I&I for North Surrey
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City of North Vancouver
The number of homes identified as high potential I&I contributors in North Vancouver are detailed by
location in Table 4. Between 30% and 60% of homes were identified as likely contributors for I&I,
making a strong case for foundation drains as the likely cause of high I&I rates in North Vancouver.
Table 4 ‐ Summary of Results for City of North Vancouver

Average house area (sq. ft.)
12h storm intensity (mm/h)
Peak I&I (L/s)
Area (ha)
No. of houses w/ high I&I Potential
No. of houses w/ low I&I Potential
% of houses high I&I Potential
Calculated I&I (L/ha∙d)
Actual I&I (L/ha∙d)
% due to foundation drains

10th St &
Moody
1550
5.7
0.2284

6th St &
Moody
1450
5.7
0.2137

18th St &
St. Andrew
1600
5.7
0.2358

18.43

25.06

15.25

97
86
53.0%

151
107
58.5%

52
117
30.8%

103,878

111,233

69,484

169,650
61.2%

136,000
81.8%

76,000
91.4%

As shown in Figure 19, I&I rates are extremely high in North Vancouver, ranging from 76,000 to 170,000
L/ha∙d. The calculated I&I rates were also very high and represented between 61% and 91% of the total
I&I rates for the city. Similar to North Surrey, this indicates that RDI&I via foundation drain cross‐
connections may account for a signification portion of I&I in the lower mainland. Furthermore, evidence
suggests that City of North Vancouver has significant areas serviced by semi‐combined sewers, and
would be similar to many other cities in Canada.
Similar to South Surrey, addressing cross‐connections to the sanitary sewer around 18th Street and St.
Andrew Avenue could reduce I&I to 6,500 L/ha∙d, well below the 11,200 L/ha∙d I&I allowance.
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Area 3
76,000
L/ha d

Area 1
170,00
0 L/ha

Area 2
136,000
L/ha d

Figure 19 ‐ Actual I&I for North Vancouver
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City of Burnaby Copley and Will‐Brent Catchments
The number of homes identified as high potential I&I contributors in City of Burnaby (Will‐Brent and
Copley Catchments, Figure 20 and Figure 21) are detailed in Table 5. Between 26% and 62% of the
homes were identified as potential having semi‐combined sewers or significant cross‐connections.
Table 5 ‐ Summary of Results for City of Burnaby – Copley and Will‐Brent Catchments

Copley

Will‐Brent
Scenario A

Will‐Brent
Scenario B

(low percentage
draining to laneway
ditches)

(high percentage
draining to laneway
ditches)

Average house area (sq. ft.)
12h storm intensity (mm/h)
Peak I&I (L/s)

1000
5.2
0.1355

1000
5.2
0.1355

1000
5.2
0.1355

No. of houses w/ high I&I Potential
No. of houses w/ low I&I Potential
% of houses high I&I Potential

125
173
41.9%

191
324
37.1%

49
466
9.5%

Calculated I&I (L/ha∙d)
Actual I&I (L/ha∙d)
% due to foundation drains

57,190
92,200
62.0%

81,612
79,300
102.9%

20,937
79,300
26.4%

I&I rates for both catchments are reported to be high, ranging from 79,300 L/ha∙d to 92,200 L/ha∙d.
Based on era of servicing the Copley Catchment, it most likely that for the first generation of housing
stock connected foundation drainage is discharged to sanitary sewer laterals as required until 1966
under Burnaby’s 1926 sewer bylaw (Corporation of Burnaby, 1926). Changes to Burnaby’s sewer bylaw
(Corporation of Burnaby, 1966), subsequent ditch elimination, and storm sewer servicing have likely
created hybrid semi‐combined/sanitary sewer catchment characteristics. This may be illustrated by 62%
of the homes being identified as potentially contributing I&I from foundation drains.
The Will‐Brent Catchment was developed post‐1966 but unlike Copley, it is unlikely never a semi‐
combined sewer serviced area. Observations suggest that topography likely permits a large fraction of
basements to discharge by gravity to drainage ditches. Treating the Will‐Brent Catchment as a semi‐
combined would imply that all of the measured I&I is attributable to foundation drainage without any
allowance for I&I into the municipal‐side of the sewer. Instead, it is more conceivable that around 26%
of the homes may be discharging foundation drainage to sanitary sewers as many properties appear to
be able to discharge foundation drainage by gravity to downslope ditches.
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Figure 20 – Study areas for the Will‐Brent Catchment

Figure 21 – Study areas for the Copley Catchment
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Conclusion
Private property laterals continue to be a significant source of I&I in the region. However, the causes of
private property I&I are complex and the extents are difficult to quantify. While more work is required
to better understand the relationships, private property laterals have been identified as a priority area
of I&I management since the 2002 LWMP (Greater Vancouver Regional District, 2002).
Semi‐combined sewer systems were once common in new construction across Canada as a means to
provide foundation and basement drainage without requiring the construction of storm sewers. As a
result, it is believed that some older sewer catchments continue to have legacy combined private sewer
lateral connections or extensive private‐side cross‐connections. Repealed bylaws indicate that combined
private sewer laterals and semi‐combined sewers were once permitted by some municipalities in Metro
Vancouver (Corporation of Burnaby, 1926; City of North Vancouver, 1930; District of Surrey, 1950).
The development and testing of a methodology to determine which neighbourhoods have a high
likelihood of legacy combined sewer laterals or a significant percentages of cross‐connections identified
that up to 91% of catchment I&I may be attributable to cross‐connected private‐side drainage.
Investigations of catchment known to have high I&I rates in the Cities of Burnaby, North Vancouver and
Surrey confirmed that there are large numbers of homes that potentially have either combined sewer
laterals or cross‐connected drainage: ranging between 8% and 60% of homes.
Addressing legacy combined private sewer laterals and cross‐connected drainage will prove challenging.
The extension of storm sewers may be required to service the separation of some combined private
laterals. As well, smoke testing may not necessarily prove effective as some bylaws required traps and
sumps to isolate foundation drainage from sewer gases.
Based on the study results, targeting private lateral cross‐connections to the sanitary sewer may reduce
some I&I rates to below or near the 11,200 L/ha d allowance. As well, sewer design and planning will
need to address the realities of legacy semi‐combined sewers and take into account both current and
anticipated long‐term I&I rates that can be obtained through remedial programs and property
redevelopment.
The results of this study conclude that RDI&I is problematic in areas where there are homes with
basements that pre‐date and/or lack storm sewers, particularly if combined private sewer laterals were
once allowed or required. While additional research and evaluation is warranted to determine the
extent of semi‐combined sewers and foundation‐drain cross‐connections in the region, municipalities
can apply the methodology developed in this study to help identify potential legacy I&I sources,
prioritize catchments and better target their I&I management efforts.
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Recommendations
Addressing excessively high contributions of RDI&I from private property remains a challenge for some
municipalities. The historical practice of constructing semi‐combined sewers in many areas along with
unauthorized cross‐connections of drainage to private sanitary sewer laterals are two explanations why
achieving the regional I&I allowance remains challenging.
Furthermore, municipal storm sewers and adequate drainage alternatives do not necessarily exist for all
lots serviced by municipal sanitary sewers. Under such circumstances, connecting foundation and
basement drains to sanitary sewers does occur and will likely continue to play a significant role in
elevated I&I rates unless addressed.
In consideration of this report, the following recommendations were made by the REAC‐LWSC at their
June 16, 2016 meeting:
1. That REAC recognize that the methodology contained in this report is a tool in I&I management
to be applied as appropriate in the development of municipal I&I management plans;
2. That municipalities with sanitary sewer catchments with excessive I&I rates (typically 3 to 5
times the I&I allowance) apply the methodology outlined in this report to priority areas to help
identify potential private‐side I&I sources; and
3. That over the next two years, municipalities share their findings with Metro Vancouver and each
other through the sewerage area technical committees.
Additional options for further investigation include:
4. That properties with basements or crawl spaces without storm sewer laterals be investigated to
determine if the sanitary sewer lateral is being used for drainage;
5. Evaluate regulatory tools and approaches involving foundation drain disconnection for semi‐
combined and hybrid sewer catchments;
6. Assess areas with newly constructed or redeveloped homes, and determine if current
construction practices are resulting in lower I&I than for pre‐1970s home construction; and
7. Determine if the pace of redevelopment is reducing I&I in what were semi‐combined or hybrid
sewer areas.
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Appendix A. Evaluation Areas
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Figure 22 South Surrey near 156th Street and 18th Avenue
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Figure 23 North Surrey near 142nd Street and 108th Avenue
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Figure 24 City of North Vancouver
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