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Nature-Based solutions on commercial roofs;
How they can mitigate urban flooding

Zahra Jandaghian and Bas Baskaran,
National Research Council of Canada (NRC), 1200 Montreal Road, Ottawa, ON, K1A OR6

Incidents of Flooding is raising due to the climatic changes across Canada, causing billions of
dollars of damage to buildings and urban infrastructures, as well as loss of life and property.
Previously, the focus of storm-water management was on urban infrastructure and sewerage
system. However, there is a growing interest from municipalities, building owners, stakeholders,
and insurers to use the vast “unused” surface of commercial roofs in dense urban canopy to
mitigate the adverse impacts of urban flooding. In some municipalities, roof cover more than 30
to 50% of surfaces.

Low-sloped roofs can be equipped with innovative nature-based solutions (NBS) to manage
storm-water. NBS on commercial roofs (NBS — CR) are by a Vegetated Roofing Assembly (VRA),
known as “green roof” and/or a Storm-water Detention Assembly (SDA), known as “blue roof”.
Claims are being made that NBS — CR, when properly designed, constructed, and maintained,
have the potential to mitigate storm-water impacts by 25 to 75 percent and moderate the urban
overheating by up to 1.5°C. These technologies can effectively reduce storm-water runoff by
using advanced drain technologies and operational strategies to store-and-release storm-water
during and after extreme storm events.

In spite of these perceived benefits, the growth of NBS — CR in Canada is limited due to the lack
of science-based validation and regulatory requirements. National Research Council of Canada
(NRC) is forming a consortium with the industry partners and policy makers to develop a
comprehensive guideline and best management practices for the effective and practical
implementation of the NBS — CR.

Here are several questions with their answers outlining the concept of this research activity.
What are the NBS — CR technologies?

The Vegetated Roofing Assembly (VRA) and Storm-water Detention Assembly (SDA), inspired and
supported by the nature, may offer options for urban environments in mitigating storm flooding
(Figure 1). The VRA can retain water, meaning that the storm-water is captured on the assembly
that can also reduced due to vaporization and thus delay release to the sewerage system,
lowering the run-off volume. The SDA can detain water, meaning that storm-water can
temporarily be held on the roof, and by implementing advanced drainage systems can release
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storm water in a controlled manner to the sewerage infrastructure. There is a claim that the VRA
naturally delays and reduces stro

m water run-off from the roof, whereas the SDA, provides the controlled condition for the roof’s
discharge rate, allowing large volumes of water to be detained.
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(A) Vegetated Roofing Assembly (VRA) [Baskaran et al., Engineering Performance of Garden Roofs in North
(Canadian) Climates — Five Years of Field Data; Proceedings of the RCI 24t International Convention, 2009]
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(B) Storm-water Detention Assembly (SDA)
Figure 1. NBS — CR: (A) Vegetated Roofing Assembly (VRA), (B) Storm-water Detention Assembly (SDA)

What is the storm-water detention concept in NBS — CR design?

Local climate patterns (i.e., storm intensity, wind, vapor pressure, air temperature, and incoming
radiation) influence the design of the NBS — CR. The magnitude of the storm-water dictates the
proportion of rainfall that is detained and the time between storms determines the discharge
rates. Accordingly, a hydrograph curve is required to assess the storm-water detention capacity
(Figure 2). The storm-water is shown as climatic load hydrograph. The system hydrograph shows
the discharge rate. The reduction in the peak discharge seen in the climatic load hydrograph is
referred to attenuation or detention capacity. The increase in the time to peak is referred to as
the lag, the time that the water will be discharged/released. The shaded area between the
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climatic load and system hydrographs shows the detained volume. When designing NBS — CR, the
detaied volume is required to achieve a desired detention effect. The maximum detained volume
occurs when the two hydrographs intersect. For VRA applications the maximum detention
depends on the soil composition (organic vs inorganic rate) and the level of saturation before the
rain event, whereas for the SDA the maximum detention depends on the volume of the tray only.
The objective is to enhance and increase the water detention and storm-water capture to
mitigate urban flooding.
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Figure 2. Hydrographs for a storm-water detention assessment

What are the benefits of NBS — CR technologies?

The NBS — CR technologies have the potential to provide multiple benefits related to storm-water
management:

I) Reducing the peak flow from storm events, mitigating flood risk, and reducing the possible
sewer overflows and erosion in receiving streams;

II) Reusing storm-water (e.g., flushing toilets, irrigating lawns and gardens) or allowing it to
evaporate from a rooftop (lessening the effects of urban heat island). Therefore less water
reaches the municipal system than would from a traditional system. This can extend municipal
infrastructure’s life span and maintaining water cycle balance;

[l) Utilizing the vast spaces of the un-used surfaces of commercial roofs in dense urban areas
which lack adequate storm-water infrastructure.
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What are the risks associated with the NBS — CR?

Ensuring optimal performance of NBS — CR technologies requires careful consideration of the
following:

[) Structural loading: Structural overloading from the weight of NBS — CR techniques is the quality
risk, especially for retrofits scenarios. Adding extra mass to the roof presents the risk of structural
deflection and deformation, drainage failure, and in extreme cases, structural collapse. Thus, the
expected loads from VRA and SDA roofs, including the weight of detained storm-water and snow,
should be assessed at the early stages of the design process.

II) Drainage and drain system: A common concern in cold climates is ice build-up and melting
snow and then re-freezing at colder areas of the roof. This is due to the ice dams that may prevent
melted water to flow through the drains, shaping large pools of snow may lead to structural
failure. To prevent loss of function, regular inspection/maintenance of drains is necessary. The
roof must be designed and built to accommodate regular access by maintenance personnel.

[11) Material integrity: Failure to ensure the integrity of the roof before and during the assembly
of the VRA and SDA may lead to leaks along seams between roofing sheets. Leaks are common
at and around penetrations in the roofing membrane, e.g., drains or fastening brackets. Thus, the
water-tightness test is recommended for the roof membrane assembly to make sure of the
integrity of the roofing before it is covered. The roof design should prevent moisture damage
from running water passing around and over the roofing assemblies.

What are the overall design requirements for NBS — CR?

Three factors need to be closely considered and determined for a successful design and function
of the NBS — CR are as follows:

1) Climatic Load Determination: Geographical location and roof orientation are an important part
of designing NBS — CR load determination. The future storm events intensity, duration, and
frequency should be established.

II) Drainage requirements: Including the flow control drains with hydraulic pressure calculations
for piping, flashing, slow or immediate release of harvested water over an extended period of
time.

) Structural requirements: Capacity of the deck, roof assembly dead load, capacity of roof
drainage/retention panel and storm water storage, resistance of the waterproofing membrane,
insulation and other components.

What are the control parameters for NBS — CR design?

1) Drain Specifications:
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1) Number of Roof Drains(Ngp): When using controlled flow roof drains, there must be at least
one drain for up to 10,000 square feet (900 m?) of roof area, and at least 2 drains on roofs larger
than 10,000 square feet.

2) Release Rate per Drain (Q;): Q; is the release rate from the rooftop detention
3 3
(QROOF;%) divided by the number of drains (Ngrp) in % (Eq. 1):

_ Qroor Eq. 1

Qi Nep

3) Depth of Flow at Drains (Dg): Dy is determined based on the relationship between the release
rate and the ponding depth, as specified by the roof drain manufacturer. This flow depth must
be less than or equal to the maximum ponding depth (D,,ax) (Eq. 2); Where Q; is the maximum

3 ft3 .
release rate from each drain (%) and Q, is the release rate per inch of ponding ( %/mch).
D= =< Dpux Eq. 2

1) Detention Time:

Storm-water detention lag (T;44) is calculated with metrics related to changes in magnitude or
timing of discharge, including the lag time that is the time between the start of a rainstorm and
the start of discharge (Eq. 3). Detention increases with a slower discharge.

Tlag = Tdischarge — Istorm—-water Eq' 3

Ill) Detention Capacity:

Volumetric water storage (DET) referred to as detention capacity is quantified in percent as the
volume of storm-water detained over a periof of time (Wyetention), relative to the volume of
storm-water event (W s;orm—water,e) (EQ. 4).

W ; Eq. 4
DET = detention,t % 100 q

Wstorm—water.t

What are the structural specifications for NBS — CR performance evaluation?
There are three structural specifications to be determined for NBS — CR performance evaluation:

I) Storage volume on the roof by calculating: available roof area without the equipment or
structures that may interfere with storm-water storage and roof slope.

II) Load imposed on the roofing assembly by calculating: 1) the traditional structural loads
consisting of the dead weight of the roofing structure and materials, plus an allowance for live
load applied from snow falling on the roof/rainfall events; and 2) the storm-water load, which is
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based on the climatic load and prediction of extreme storm fall intensity, duration, and
frequency.

IIl) Waterproofing and insulation requirements specifying by the amount of the storm-water that
is permitted to be detained to minimize unintentional adverse effects.

How to assess the quality assurance metrics prior to the NBS — CR installation?

An electronic or suitable test should take place on the completed roofing assembly, prior to the
NBS — CRinstallation. The satisfactory waterproofing integrity certification must be retained. Any
non-conforming work shall be documented and verified such that corrections can be made to
conform to the quality assurance metrics. The in-situ tested values should be higher than the
required design loads.

Is the maintenance of roofing assembly required to enhance the lifecycle of NBS — CR?

YES — maintenance is critical to the viability of the NBS — CR function. Therefore, it is
recommended to:

1) Inspect and check the outlet and drain system in two cases following; 1) storm event to ensure
no blockage has occurred and 2) traffic or remedial works on or around the roof to ensure all
drainage holes are clear and free draining;

I) Inspect and clear of any build up debris and leaf litters from each outlet by seasonal visit;

) Inspect the waterproofing membrane at all junction of penetrations to ensure it is firmly
adhered to the detail.

How the NBS — CR assist the Canadian industry?

NRC will develop the necessary requirements and specifications for the codification of the NBS —
CR by:

I) Determination of climatic load for the NBS — CR designers to obtain the required storm-water
intensity, duration, and frequency; and

II) Development of a comprehensive guideline and the best management practices in
collaboration with industry, through extensive lab and filed evaluations for NBS — CR.

When these specifications are incorporated into NPC and NBCC codes, it will remove the
requlatory barrier for the market penetration of the NBS — CR in Canada.
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