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Abstract
An urban drainage system may be conceptualized as having two components, the minor or piped system
consisting of storm pipes, and the major system that accommodates surface runoff from a runoff event that
exceeds the capacity of the piped storm sewer system. These two systems interact and the major or overland
flow system will always exist whether it is designed or not.
Potential safety hazards and legal liability may exist in storm sewer systems designed by traditional techniques.
This paper presents an alternate design approach to storm sewer systems to minimize the risk and liability for of
loss of life and flood damage. The technique restricts piped storm sewers from surcharging in major runoff
events, and designs for overland flows resulting from major runoff events.

Introduction
Major storm events pose significant risks of the loss of life and flood damage primarily due to the following:
•

Storm surcharge conditions causing storm manholes to be lifted with the associated risk of drowning to
individuals who may have been swept into the manholes.

•

Storm surcharge conditions causing structural damage due to increased water pressure along weeping tiles
adjacent to buildings.

•

High rates of surface flow posing a risk to life of sweeping individuals off their feet.

•

The depth of overland flows exceeding the carrying capacity of streets and roads and flowing onto private
property with associated flood damage.

•

Sanitary sewer backup due to infiltration of stormwater runoff with associated flooding damage.

What can be done about the problems?
Storm drainage works for urban areas, both new and existing, can be designed such that the risk of loss of life
and damage is minimized for major runoff events. This approach entails hydrologic/hydraulic design input to the
design process. The approach minimizes the risk to loss of life and damage for a major runoff event (taken as a
1 in 100 year return period event) by:
•

The use of selective street grading

•

Trap lows in street areas to temporarily store excessive rates of runoff

•

Inlet control devices (ICD’s) in catchbasins to eliminate the potential of the storm sewer surcharging

•

Inflow restrictions in sanitary sewer manhole covers that are located in trap low areas to eliminate sanitary
sewer backup

•

The sue of stormwater storage facilities to temporarily store excessive runoff until it can be drained through
the storm pipe system
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How to solve the problems
As the first step in addressing the above problems a Master Drainage Plan is developed for the area in question
either at a new development planning stage or for an existing development. As noted above, inflow to the storm
sewers in a given area is controlled such that the storm sewer system does not surcharge. Excess runoff is then
confined to above ground. The Master Drainage Plan identifies potential problems with rates and depths of
overland flows and provides estimates of the amount of trap low storage required for control of the overland
flows. For a new development, these estimates of the amount of trap low storage are the guidelines to the
municipal engineers who later design the subdivision. For an existing development these estimates define the
scope of any upgrading program and enable a relatively quick and easy assessment of the feasibility and cost of
controlling overland flows and related flooding issues through relief sewers and/or surface storage works.
As a second step, at the detailed design of a new development or relief works for an existing area, a specific
hydrologic/hydraulic analysis of overland flows is undertaken for the area in question. This analysis identifies
depths and rates of flows on streets throughout the area. As each area is either designed, or remedial works for
an existing area designed, the area is incorporated into the overall Master Drainage Plan and the effects of the
design area in question on the overall area are evaluated so that there are no potential flooding problems due to
flows from several areas accumulating.

Storm Drainage in General
As land is undergoing urban development there is an increase in impervious areas such as driveways, sidewalk,
rooftops, and in the number of directly connected methods of drainage such as sewers and roadways. These
factors combine to yield higher volumes of runoff and increased flow rates as compared to pre-development
conditions. Generally, a constructed urban drainage system is included in the development process to convey
the post development runoff through the development area with acceptable levels of flooding during extreme
climatic events.
An urban drainage system may be conceptualized as having two components. The first is the minor system
consisting of the piped sewer system. In Calgary, Alberta, Canada this system has been designed with a nonsurcharge capacity for a 5-year rainfall event characterized by rainfall intensity. The second component is the
major drainage system that accommodates surface runoff resulting from a rainstorm that exceeds the capacity of
the minor system. Current policy in Calgary for all storm drainage systems is a designed major system, with flow
rates and velocities throughout the system for a 100-year rainfall intensity event limited to published guidelines.
The design of a major drainage system for a 100-year rainfall intensity event is not overly conservative. The
minor (pipe) system is designed to contain a 5 year rainfall event. The probabilities of a 5-year and 100-year
rainfall events occurring within a given time period are presented in Table 1.

Period Considered (years)
Design Criteria (years)

2.33

5

10

25

50

100

5
100

41
2

67
5

89
10

100
22

100
39

100
63

Table 1 - Probability Of Exceedance Of Rainfall Events
For a storm pipe system designed for a 5-year event (the design criteria), there is a 67% chance of exceeding
the capacity of the storm pipe system in a 5-year period and a 89% chance in a 10-year period. Clearly rainfall
events that will exceed the capacity of the minor (pipe) system will occur relatively frequently. A major drainage
system is needed to deal with these relatively frequent events. The major drainage system is designed for a 100year event. From Table 1 there is still a 10% chance that the capacity of this overland major system will be
exceeded in a 10-year period; not an overly conservative approach to storm drainage.
It is not always possible, or desirable, to ensure a continuous path for the major (overland) flow to reach an
adequate receiving point due to the topography of a particular area. In this case localized short-term ponding of
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runoff will occur along the overland flow route. It is necessary to ensure that the level of ponding will be
acceptable. Further, the rate and volume of flow in the overland drainage routes should be carefully assessed to
ensure a safe major drainage system.
The collection and conveyance of overland flows from large areas, and concentration of these flows on one or
two streets, or drainage ways, leading to an adequate receiving point may result in flows which can be extremely
dangerous. This safety hazard may largely be alleviated by not allowing large areas to drain directly overland,
and dispersing any storage required in much smaller units throughout the development. This will avoid
concentration of the overland flows, and result in much lower flows on any given street. This concept may
require the use of trap lows in streets to temporarily store runoff, thus reducing or eliminating high rates of
overland flow (Figure 1).

Figure 1: Typical Trap Low Storage Area

Overland flow guidelines
The City of Calgary has adopted guidelines for overland flow published by The Province of Alberta. The following
excerpts outline the guidelines applicable to overland flow. A graphical representation of these guidelines is
shown on Figure 2.
During the peak period of a 100-year event, flows will likely fill local roads entirely; flow depths of no more than
0.30 m at the gutter are desirable. Standing water at low points should not exceed 0.50 m or extend to adjacent
buildings. For arterial roads, the depth of flow should be less; typical criteria are that two lanes of traffic remain
WaPUG Autumn Meeting 1999

Paper 1

Page 3 of 11

open and that the depth of flow be not greater than 0.05 m where major drainage flows cross arterials. No
buildings should be allowed in the area flooded by the major event unless they have been specially designed
with floodproofing techniques to withstand floodwaters.
Gutters convey flow to the catch basins during minor rainfall events. During these events the depths of flow are
usually small and of little consequence. During major events, the much higher flows are conveyed in the gutters
and in overflow routes. In these instances the velocities and depths of flow should be examined more carefully.
Velocities in overland channels should be minimized. The force of moving water on objects in its path increases
with the square of velocity. Figure 2 includes a table that lists approximate flow depths that a child (20 kg) would
be able to withstand while standing in a concrete bottom channel or gutter flowing at the selected velocities. If
the public has access to the flow route, these combinations of gutter velocity and flow depth should not be
exceeded in open channel design.

Figure 2: Overland Flow Criteria

Hydraulic assessment of storm sewers
In many areas storm sewers have been designed by the Rational Method. The pipe system in these areas would
be overwhelmed by stormwater runoff from upstream development areas in a major runoff event, leaving little or
no capacity for downstream areas. In order to explain this situation it is necessary to review the hydraulic
implications of the Rational Method of sizing storm sewers.
The Rational method is based on an empirical formula relating peak runoff rates from an area to the size of the
drainage area, the intensity of the runoff, and a runoff coefficient. The Rational Method is expressed as:
Q = 2.78 CiA
Where:
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Q
C
i
A

is the peak runoff rate (L/s)
is the runoff coefficient
is the intensity of the rainfall (mm/hr)
is the area of the catchment (ha)

2.78 is a units correction constant as the Rational Method originated in Imperial units
The rainfall intensity (i) is obtained from an Intensity – Duration – Frequency (IDF) relationship derived from
rainfall records in the area. The time of concentration for the basin is used as the duration of the rainfall event to
determine the rainfall intensity from the IDF relationship for a given frequency of occurrence.
The Rational Method has gained wide popularity in predicting urban runoff due to its apparent simplicity. This
apparent simplicity, however, is the result of using the runoff coefficient to lump together the complex variables
that affect the determination of runoff from rainfall.
Fundamental assumptions underlying the Rational Method are:
1. The frequency of the runoff is equal to the frequency of the rainfall
2. The peak discharge at a point is a function of the average rainfall intensity over a duration equal to the time
of concentration to the point in question
3. The rainfall is uniform over the basin and steady in time.
These assumptions are discussed below. The second assumption will be shown to be critical to storm sewer
design.

Assumption 1
The first assumption is not necessarily correct as the frequency of occurrence of a runoff event may indeed differ
from the frequency of the rainfall producing it. This assumption is not critical in storm sewer design as the rainfall
event selected for design is generally considered a ‘design event’ with no further analyses linked specifically to
its probability of occurrence. The intent is to have a consistent ‘design event’ to ensure uniformity of design
across a drainage authority, rather than actual return period of design.

Assumption 3
The third assumption may or may not be true in practice. Generally the rainfall event will not be steady in time
although for catchment areas in the order of hundreds of hectares it can often be uniform across a catchment.
For uniformity and consistency across a drainage authority in design of drainage systems it is reasonable and
prudent to assume that the rainfall event is uniform across a catchment. The non steady nature of rainfall in time
is one of the reasons that the return period of a rainfall event does not correspond to the return period of a runoff
event. As the rainfall event is generally used as a ‘design event’ this assumption is not critical in storm sewer
design.

Assumption 2
The second assumption plays an important role in storm sewer design. As one proceeds farther and farther
along a storm trunk sewer in the downstream direction the drainage area naturally increases. This causes the
time of concentration to increase, and hence the rainfall intensity from the IDF relationship to decrease. Lower
rainfall intensities are utilized for calculating the design discharge for the downstream sections of a trunk sewer
as compared to the upstream ends of the sewer. This in turn results in development at the bottom end of a storm
trunk sewer having a reduced trunk capacity per hectare of catchment area (expressed as L/s/ha) as compared
to development at the top of a storm trunk sewer (Figure 3).
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Figure 3: Storm Runoff Hydrograph
An alternate method of sizing storm sewers that is much more applicable when overland flows are considered is
the Uniform Area Capacity design technique. For any development area a maximum allowable storm discharge
rate from the area based on downstream capacity is determined. The capacity determined is distributed across
the overall area, resulting in a design trunk capacity in terms of L/s/ha, referred to as the design Uniform Area
Discharge Rate. If desired the Uniform Area Discharge Rate can be weighted by land use (impervious area). The
required capacity of the storm sewer at any point can then be calculated by multiplying the catchment area at
any point by the Uniform Area Discharge Rate, with an additional allowance for any existing upstream drainage
the sewer must convey.
The use of the Uniform Area Capacity trunk sizing methodology becomes particularly important when major
system flows must be temporarily detained and released through the pipe system as the storm passes. In a
severe storm that exceeds the gravity flow capacity of the storm sewer system, runoff in excess of the storm
sewer capacity will either flow overland, or remain ponded around the catch basins until drained by the pipe
drainage system. This is referred to as detained flow (Figure 4). With detained flow the flow rate in the pipe
system will be effectively constant at the trunk capacity, referred to as the detained flow rate.
Detained flow will occur any time runoff is accumulated to create a stormwater storage situation due either to
flow restrictions (stormwater storage facility) or the magnitude of the runoff exceeding the capacity of the pipe
storm sewer system (trap lows). Under these conditions there is no differential timing of peak flows in the pipe
storm sewer system. That is, peak flows from downstream areas do not pass through the system prior to the
arrival of peak flows from upstream areas. Due to the flow restriction effect all portions of an overall drainage
catchment contribute flow at a steady rate (their detained flow rate - essentially the local storm sewer capacity in
their area). Peak flows are therefore additive in a downstream direction.
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Figure 4: Inlet Control Device
In order to ensure the same level of service for all parts of a catchment area it is necessary to size the storm
sewers for the catchment area on the basis of the uniform Uniform Area Discharge Rate (L/s/ha) for that area.

Storm trunk surcharging
A storm trunk sewer will, in time, certainly be subjected to runoff in excess of its gravity flow capacity. Under
these conditions the sewer will surcharge, or flow under pressure conditions. Under surcharge conditions it is
possible for the storm sewer system to transfer high surcharge levels, with associated flooding, to other parts of
the catchment area.
Storm sewer manholes must not be sealed to contain surcharge flows. Storm sewer pipe and manholes are not
structurally designed for surcharge flow conditions. Severe failure of manholes and associated pavement cover
will result from surcharge of sealed storm manholes.
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Under surcharge conditions the hydraulic grade line may rise to the point where basements having weeping tile
connected to the storm sewer will experience flooding and/or structural damage. Indeed, the hydraulic grade line
may rise above the street surface causing flows to come out of the pipe manholes and catchbasin inlets. This is
in effect a transferring of flooding from upstream to downstream areas.
To control storm pipe surcharging, with its associated flooding problems, flow from individual catch basin leads
should be restricted so as not to overtax associated storm sewers. This can be achieved by the use of Inlet
Control Devices (ICD’s), a form of orifice in standardized sizes (Figure 5). The standard sizes are characterized
by the radius of the opening in the ICD (R30, R50, R70 and R100). The rectangular slot at the bottom of the ICD
opening has two functions. First, during dry periods it draws the water level below the main orifice area keeping it
free of floating debris. Second, it generates a strong vortex action in the approach flow during heavy rainfalls that
scours sediment from the sump of the catchbasin and away from the orifice.

Figure 5: Storm Trunk Surcharge
Figure 6 presents the concept of transferring flooding from upstream to downstream.
Case A represents the situation of a rainfall event which does not exceed the pipe system capacity. There is, of
course, no flooding.
Case B indicates that without inlet controls, and with runoff conditions in excess of the capacity of the storm
sewer system, surcharge flow conditions can prevent runoff from the downstream area from entering the pipe
system, thus causing flooding conditions in the downstream area.
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Figure 6: Areal Storm Trunk Capacity
Case C indicates that without inlet controls, and with runoff in excess of the capacity of the storm sewer system,
surcharge conditions will occur. Surcharge conditions can not only prevent runoff from the downstream area
from entering the storm sewer system, thus in effect transferring flooding from one area to another, but can also
cause water to ‘back up’ in the downstream area. Manhole covers that have lifted due to hydrostatic pressure
during storm events indicate this occurrence.
Case D again illustrates the situation of a rainfall event that does not exceed the pipe system capacity. There is,
of course, no flooding, and the Inlet Control Devices do not restrict the rate of flow.
Case E indicates that with inlet controls, and with runoff in excess of the capacity of the storm sewer system,
surcharge conditions will not occur. Controlled ponding will be spread out over the entire development area
(designed to meet City of Calgary guidelines), and will occur in the areas where the rain fell. There is no
transferring of flooding from one area to another. Under these conditions it is possible to design a proper major
(overland) flow system to accommodate any surface flooding.
In the trap low areas where water is expected to pond on the surface there is a potential for an increased amount
of water entering the sanitary sewer system through sanitary sewer manhole covers. Sanitary sewer manhole
plugs or one-hole manhole lids should be used in these areas.
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Does all of this discussion matter?
The answer is yes. The litigious nature of our neighbour, the United States, affects Canada. As an example there
has been loss of life from children playing near ponded stormwater runoff from a surcharged sewer system. The
surcharge in the sewer system caused the manhole cover on a storm sewer manhole to be raised and displaced.
When the ponded water began to drain a vortex was formed over the open manhole. The child was pulled into
the manhole/storm sewer system and drowned. The matter is to the best of the author’s knowledge still before
the courts.
A further consideration from the viewpoint of the law profession is that storm sewer systems may be designed
with an inequitable distribution of capacity (expressed in terms of L/s/ha) across a city or district. Storm sewers
under surcharge conditions can transfer flooding from the area where the runoff originated to downstream areas
dependent on the topography of an area in question. Legal counsel has informed the author that there is the
potential for liability in this situation to both the designers involved and the approval agency. It has been
suggested several times that the first rule of any lawsuit is to sue someone who can pay. City/regulatory
agencies qualify well in this regard.

A summary of the approach
The stormwater management system presented in this paper was developed by the author in response to
concerns expressed by the Law Department of the City of Calgary. It can be summarized as follows:
•

Design storm sewers on the basis of the Uniform Area Capacity technique. This ensures an equitable
distribution of storm drainage capacity and equitable treatment of all areas in flood events.

•

Prevent surcharge operation of storm sewer systems with associated potential of risk to life and transfer of
flooding from one area to another with associated liability. Inlet Control Devices (ICD’s) are utilized to restrict
the capture of runoff to the Uniform Area capacity of the storm sewer. The pipe storm sewer system will
always operate in a designed, predictable, manner when it is not allowed to surcharge, a particular benefit in
Real Time Control storm drainage systems.

•

Keep excess storm runoff (flooding) above ground on streets and roads and design for the resultant
conditions with limits on the depth and velocity of overland flows on streets and depth of ponding in trap low
areas.

Discussion
Question

Adrian Saul

Sheffield University

A very interesting paper, what is the relative relationship between what runs through the pipe and what runs
across the ground?
Answer
The prime factor in the relationship between what runs through the pipe and what runs overland is rainfall
intensity. High intensity rainfall events will produce short duration high peak rates of runoff. It is the runoff above
the capture rate of the piped storm sewer system that runs overland. Longer, weather front type rainfall events,
may produce a much greater volume of storm runoff but due to lower rainfall intensities the weather front type of
event may not produce runoff rates in excess of the capture rate of the piped storm sewer system. Therefore
there may be little or no runoff overland in these events.
Question

Richard Kellagher

HR Wallingford

Are the RTC systems automated?
Answer
We have designed and implemented one RTC system for stormwater management. This system services an
area of some 230 ha of residential development. The RTC system balances water levels between three
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stormwater storage facilities and directs water to golf course irrigation. This is a zero discharge project. There is
no off-site discharge of stormwater from this development area.
Question

Richard Kellagher

HR Wallingford

In litigation terms could you be accused of flooding upstream when downstream capacity exists?
In all of the work we have undertaken to date we have used all of the downstream capacity. Therefore there is
never downstream capacity available. There may be capacity available at a downstream portion of a piped
drainage system that cannot be utilized by upstream areas due to a limiting capacity portion of piped storm
sewer system between the two areas in question. In this case either the discharge rate in the downstream
portion is increased to utilize the available capacity, or the limiting capacity portion of the storm sewer system is
upgraded to allow full use of the available capacity.
If the design of the storm sewer system in the upstream area was carried out with design rates that were not
available downstream I would expect that there would be a potential for liability.
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