DRAFT 10-12-2021
T-X Green and Blue Roofs

Figure GR-1. Green Roof Components
Description
Rooftop systems for stormwater management
include green roofs and blue roofs. Green roofs
are vegetated systems grown in substrate that
helps to reduce runoff volumes and rates. Blue
roofs are unvegetated rooftop stormwater
detention areas. Blue-green roofs combine these
two systems.
There are two main types of green roofs:
extensive and intensive. Extensive green roofs are
shallow, usually with up to 6 inches of substrate,
and do not typically support a large diversity of
plant species because of root zone limitations.
Intensive green roofs are more like rooftop
gardens with deep substrate (from 6 inches to
several feet) and a wide variety of plants. Most
buildings are not designed to withstand the
additional weight loading for intensive roofs
unless accounted for in the original design of the
building. For this reason, intensive green roofs are
typically limited to new construction. Extensive
green roofs are shallower, less expensive and
generally much better suited to the structural
capabilities of existing buildings and therefore, are
installed more often.
Blue roofs are a rooftop system that provides
rooftop detention without vegetation or
substrate. Roof drain orifices regulate the rate of
runoff from the roof to release the WQCV and/or
EURV. Combining blue roof and green roof
systems on the same rooftop is increasingly
becoming more common.

Photograph GR-1. Extensive Green Roof. Photo: Jennifer Bousselot.

MS4 Permit Applicability (Dependent on
design and level of treatment)
Meets Runoff Reduction
Potential
Standard
Meets WQCV Capture Standard Yes
Meets Pollutant Removal
No
Standard
Typical Effectiveness for Targeted
Pollutants
Sediment/Solids
Low
Nutrients
Low
Total Metals
Low
Bacteria
Low
Common Applications
Step 1: Runoff Reduction
Yes
Pre-treatment
Yes
(in Treatment Train)
WQCV + Flood Control
No*
Cost
Life-Cycle Costs
Medium
*May vary by jurisdiction for blue roofs.
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SCM Components
The primary components of green
roofs include a waterproof
membrane, a root barrier, drainage
layer, filter membrane, the
substrate (growing media),
vegetation, an irrigation system and
outlets to drain the roof. In the case
of blue roofs, components include
structural support, a waterproof
membrane, and orifice-controlled
outlet(s). Before installing a green
roof or blue roof on an existing
structure, a structural engineer must
Photograph GR-2. Denver Botanic Gardens intensive green roof over parking
verify that the roof structure can
support the load associated with the garage. Photo: Michael Guidi.
rooftop system. For new buildings, the building design should include the rooftop system load.
Component
Structural Support
Waterproof Membrane
Root Barrier
Drainage Layer
Filter Fabric
Substrate (Growing
Media)
Vegetation

Irrigation System

Outlet(s)

Intent
Roof structure that supports the substrate, vegetation, and live loads
associated with rainfall, snow, people, and equipment.
Prevents water from entering the building.
Protects the waterproof membrane by preventing roots from reaching the
membrane.
Drains the rooftop system to the outlet. This is sometimes an aggregate
layer or a proprietary product.
This prevents fine soil and substrate from being washed out into the
drainage layer.
Provides a growing media for the rooftop vegetation. Although the
substrate is typically not "soil," the terms soil matrix, soil media and
growth substrate are sometimes used.
Provides evapotranspiration to reduce runoff volumes, aesthetic appeal,
and a cooling effect for the building. Native/adapted, drought-tolerant
grasses, perennials, and shrubs with relatively shallow root depths are
possibilities for roof plantings.
Supports vegetative health of green roofs. Even vegetation with low water
requirements will require supplemental irrigation in the metro Denver
area.
Provides outlet for detained flows to drain from the rooftop. Orifice
controls are not required for green roofs designed to treat the WQCV.
Orifice controls are required for blue roofs or if the green roof is designed
to detain storms larger than the WQCV.
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Site Considerations
Green roofs can be installed on commercial or
residential buildings as well as on underground
structures such as a parking garage (Photo GR-2).
Green roofs may be particularly well suited for
ultra-urban areas where development is typically
lot-line-to-lot-line and garden space is at a
premium. Green roofs are particularly valuable
when their use extends to a place of enjoyment
for those that inhabit the building.
For existing buildings, verify the structural
integrity of the building prior to consideration of
retrofitting the building with a green roof. For
both existing and new construction, a multidisciplinary design team is essential. This team
may include a structural engineer, stormwater
engineer, architect, landscape architect, and
horticulturist. Involve all members of the design
team early in the process to ensure the building
and site conditions are appropriate for green roof
installation.

Benefits of Green Roofs


Reduces runoff rates and volumes.



Reduces heat island effect in urban
areas.



May qualify for multiple green building
credits and/or help satisfy local green
building codes.



May extend roof lifespan by reducing
daily temperature fluctuations and
providing shading from ultraviolet light.



May provide energy savings from
additional insulation and cooling from
evapotranspiration.



Provides aesthetically pleasing open
space in ultra-urban areas.

Limitations of Green Roofs


Initial installation costs are greater than
conventional roof (although lifecycle
costs are lower).

Several factors contribute to the success of green
roofs in a semi-arid environment. Access to
 Supplemental irrigation is required in
permanent irrigation is required, even if it is only
semi-arid climate.
used in drought conditions once the green roof is
 Maintenance during vegetation
established. Wind scour is a major concern for
establishment (first two years) may be
rooftop systems, so it is important to keep the
significant.
slope consistent throughout the green roof and
avoid vegetating high wind areas at building
corners. In a dry climate, the aspect of the green roof is important – avoid south or west facing
sloped applications and focus more on north and east facing installations. Scale is also
important – it is challenging to maintain a thriving green roof in a small space or disconnected
pattern. Green roof designs function best when the green roof space is aggregated if the green
roof does not cover the entire roof.
Community Values
Green roofs, blue roofs, and blue-green roofs improve the quality of the urban environment by
using rooftop areas that are infrequently used for other purposes for stormwater management.
In the case of green roofs and blue-green roofs, this SCM also provides valuable green space in
an urban environment. To decide between a green roof or blue roof, assess the overall
objectives of the project and the opportunities and constraints presented by the roof area and
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surroundings. Green roofs and blue roofs have distinct characteristics that must factor into this
choice, as described below.
Green Roofs: Even in the semi-arid climate of the Denver metro area, green roofs can be a good
choice for an SCM, particularly in ultra-urban environments. When evaluating applicability of
this SCM, consider whether the community benefits (beyond the stormwater management
objectives) merit the higher construction costs, irrigation system, and water required to sustain
the plants, and evaluate costs of maintenance required to establish the green roof and sustain
the plants for the long term. The value of green roofs to the community can be significant,
particularly when safe, public and semi-public access to the green space is allowed. These
“gardens in the sky” can provide valuable outdoor spaces that might otherwise not be available
in dense urban environments. These spaces benefit not only those who have direct access to
the space, but also people in upper building floors and in adjacent buildings who are able to
look down at the green roof. Other benefits provided by green roofs include enhanced habitat
for pollinators and birds, improved air quality, building energy efficiency, and reduction in the
urban heat island effect.
Key design objectives to consider in efforts to maximize the community value of green roofs
include:


Take design cues from the architectural and landscape architectural design and
materials of the building on which the green roof is located. The green roof should
either blend with the architecture’s forms and materials or be intentionally designed to
contrast and stand out as a special feature.



Create spaces for people. Ensure that the rooftop area open to public use is universally
accessible (refer to ADA Standards for Accessible Design) by providing adequate
doorways, walkways, ramps and seating. Provide shaded areas if possible, and lighting if
evening/night use is a possibility.



Design for safety. Green roofs that provide physical access will need appropriate safety
features to ensure that visitors cannot endanger themselves.



Design the green roof for viewing from all possible vantage points (including upper floor
windows and adjacent buildings).



Provide diverse plant material that can withstand harsh rooftop growing conditions and
that enhances the urban ecosystem, including flowering plants for pollinators. (Follow
the plant selection guidance provided later in this Fact Sheet.)



Create more favorable environments for plants and people by siting planting and use
areas away from prevailing winds and harsh southwestern sun exposures. Use wind
screen panels to deflect the wind if the green roof must be located in windier areas.

Blue Roofs: Blue roofs have lower construction and maintenance costs than green roofs, have
no irrigation requirements (relative to green roofs), and are well suited for rooftop areas when
the potential for community benefits is low (e.g., the building rooftop has limited physical or
visual access). In these cases, blue roofs may be more economical choices for rooftop SCMs,
making use of an otherwise underutilized area. Blue roofs benefit the community by eliminating
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or reducing the need for SCMs elsewhere on the site, allowing more of the site to be dedicated
to community-oriented uses, thereby enhancing the urban environment.
Maintenance
Recommended ongoing maintenance
practices for all SCMs are provided in
Chapter 6. When designing a rooftop
system, the designer and owner must
understand both the initial establishment
and long-term maintenance
requirements for rooftop systems.
Prepare a written maintenance plan at
the time of design that clearly describes
maintenance requirements, including the
various components of the rooftop
system. Rooftops are a challenging
location to grow vegetation, so
Photograph GR-3. Intensive green roof over parking garage is readily
maintenance is essential, especially
accessible for mainteannce.
during establishment. Address the unique
characteristics of the green roof
including: irrigation system, shading, microclimates (shade, temperature, and wind),
nutrient/fertilizer management, plant debris removal, maintenance access, and vegetation
design (i.e., keeping plants in specific areas). During design, consider the following to ensure
ease of maintenance for green roofs over the long-term:


Provide access for equipment and inspections following construction.



Carefully design and install the irrigation system, substrate, and appropriately selected
plants because these are critical factors determining long-term maintenance
requirements and survival of the green roof vegetation under hot, dry conditions.
Otherwise, vegetation may have to be repeatedly replanted and/or the irrigation system
replaced.



If an underdrain system is used, provide cleanouts for inspection and maintenance.
There is potential over the long term for the roof underdrain system to become clogged
with substrate that migrates down beneath the plant root zone. The ability to access the
underdrain system for cleanout is important. See the Underdrain Systems section of this
chapter for guidance and criteria on underdrains.



Provide signage for orifice-controlled outlets to prevent modification of the orifice.
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Design Procedures and Criteria

Green Roofs and the WQCV

Design considerations include:
1. Structural Integrity: For green roofs, blue roofs
and combination green-blue roofs, a structural
engineer must ensure the load-bearing
capacity of the roof is adequate for the system
to be installed. Account for the load of the
green roof plus any ponded water below the
overflow weir or scupper. For new buildings,
green roofs require a multi-disciplinary team
and coordination throughout all phases of
design.
2. Water Quality Capture Volume: Intensive
green roofs and extensive green roofs with a
substrate of 4 inches or more meet the WQCV
Capture Standard of the MS4 permit for the
green roof area (not including run-on) without
orifice-controlled flow-release. The WQCV is
stored within the pore space of green roof the
substrate and drainage layer.

Stormwater performance monitoring data
collected by EPA from the Region 8 office
green roof in Denver, Colorado
demonstrated that green roofs can be
effective at detaining and reducing runoff
volume. This is especially true for snowmelt
events and for smaller precipitation events
(generally <1" rainfall in a 24-hour period).
EPA’s monitoring showed that the green
roof retains and evapotranspires 98 to 100%
of the WQCV, even without a restriction on
the outlet for drain time control. This is
largely due to wetting and subsequent
evapotranspiration in the substrate. The
data showed few exceptions to this finding,
which were attributed to successive rain
events.
Based on these findings, MHFD recognizes
green roofs as a volume-based SCM, able
to capture the WQCV for the area of the
green roof, without constructing a
controlled release at the outlet. This finding
applies to green roofs that meet or exceed
the EPA building’s green roof section, which
is a modular system using trays that allow
for 4 inches of substrate. An intensive roof,
which typically has greater substrate depth,
also meets the WQCV Capture Standard in
the MS4 permit.

In Colorado, green roofs are allowed without a
water right provided that they intercept only
precipitation that falls within the perimeter of
the vegetated area of the green roof and do
not intercept or consume concentrated flow or
store water below the root zone (DWR 2016).
In cases where a portion of the roof is a green
roof and a portion of the roof is a traditional roof, the WQCV for the green roof area can be
deducted from the stormwater quality treatment requirement for the overall site.
For blue roofs, a 12-hour drain time is used to calculate the WQCV. The 12-hour drain time
differs from the 40-hour EDB drain time due to the lower pollutant loads of roof runoff
compared to runoff from roads, landscaped areas, and other ground-level land uses. The
12-hour drain time also is intended to allow the SCM to drain fully before another storm
occurs to avoid storing excessive runoff for structural reasons.
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Determine the required WQCV using Figure 3-2 located in Chapter 3 of this manual.
Calculate the design volume as follows:
𝑉𝑉 = �

Where:

WQCV
� 𝐴𝐴
12

V

= design volume (ft3)

A

= area of the blue roof (ft2)

Equation GR-1

Release the WQCV from the blue roof using an orifice-controlled inlet or inlets to achieve
the required drain time.
3. Impermeable Membrane and Waterproofing: For green and blue roofs, an impermeable
membrane is required. Install roof membranes in accordance with the manufacturer’s
specifications to provide proper waterproofing. The system must have a waterproof seal
along all seams in the roof membrane and in areas where mechanical devices, equipment,
or other structures are affixed to the roof surface. Attach the waterproofing system to the
roof surface using adhesives or other methods approved by the system manufacturer.
Adhesives that may corrode or otherwise compromise the performance of the membrane
or roof system should be avoided. If a green roof will be used as ballast for the membrane,
provide temporary ballast until the green roof is installed (NYDEP 2012).
For existing buildings, check waterproofing warranty and consult the warranty company to
ensure the policy will not be voided by a green roof application. A leak test is required
following installation of the impermeable membrane, and a leak detection system is
recommended for long-term operations.
4. Root Barrier: All green roofs require protection against root penetration. The waterproofing
system should be able to resist rhizomes of aggressive annual plants. Only plastic or rubber
membranes are acceptable as root barriers. If waterproofing is used without a
supplemental root barrier, obtain and evaluate test data for root resistance of the
waterproofing materials. Seams should provide the same level of root resistance as the root
barrier membrane. Acceptable seaming methods are hot-air welding (thermoplastic
membranes) or overlaps of at least five feet combined with an adhered seam. Sealing the
root barrier seams also provides additional waterproofing for the system and may extend
the life of the roof (NYDEP 2012).
5. Granular Drainage Layer and Drainage System: For green roofs, granular mineral drainage

media can be used to provide a drainage layer that slows flow toward roof drains and
lengthens the time of concentration. Granular drainage layers may be as thin as one inch
but are typically two to four inches thick. This type of drainage layer can be used to
supplement assemblies that include reservoir sheets and fill in some void space to reduce
shock to the root system. Layers that incorporate drainage media become part of the root
7
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zone of the plants, and the materials
should be chosen accordingly. Granular
drainage layers should contain as little
silt and clay as possible and should have
high permeability and porosity. See FLL
Guidelines for recommended granular
drainage layer recommendations
(NYDEP 2012).
Provide a filter fabric above the
drainage layer to keep the substrate
from clogging the drainage media.
Although roots may pass through the
filter fabric, roots should not pass
through the waterproof membrane
below the drainage layer. Roof outlets,
interior gutters, and emergency
overflows must be kept free from of
debris and plant material in order to
convey drainage properly (NYDEP 2012).
Provide vegetation-free zones such as
gravel with stainless steel edging
between the green roof and outlets and
at the roof border with the parapet wall
and for any joints where the roof is
penetrated or joins with vertical
structures. Vegetation free zones serve
as both material separation and root
barrier.

Photograph GR-4. The metal edging has perforations near the
bottom to allow flow into the drain.

Photograph GR-5. Metal edging separates substrate from rock that
surrounds the roof drain. It also serves to facilitate regular
maintenance by limiting plant and root growth near the drain.

6. Substrate: The substrate serving as the
growing media for green roof plants is a key component for plant health, irrigation needs,
proper drainage, and stormwater benefits. The substrate is not the same thing as "soil."
Most extensive green roof substrates consist primarily of expanded slate, expanded shale,
expanded clay, or another lightweight aggregate such as pumice. Such lightweight
Substrate and Drainage System Technology and Research

In Colorado and nationally, research continues on various types of substrate and drainage technology for
green roofs. Green roof substrate characteristics that are lightweight, drain well, and provide nutrients for
plants without exporting nutrients are ideal. Additionally, some vendors have developed technologies that
use water retention mats or wicking technologies to access water stored below the root zone or to retain
water in the root zone. When evaluating emerging technologies, factors to consider include treatment of
the WQCV and compliance with Colorado water law, which does not currently allow storage of water below
the root zone (without a water right).
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aggregates have some limitations such as draining very quickly and leaving little water or
nutrients available to plants. To prevent filter fabric clogging and loss of permeability,
substrate should not contain more than 15% particles in the silt-size fraction, nor should it
contain more than 3% in the clay-size fraction (NYDEP 2012). Substrate criteria are not
explicitly defined in this Fact Sheet; see the FLL Guidelines for recommendations. Additional
research is ongoing related to substrate mixes appropriate for use on extensive green roofs
in Colorado. For intensive green roof applications where weight is explicitly factored into
the structural design, the substrate can include materials with higher water retention
characteristics such as organic matter (e.g., compost), provided the structural design
accounts for the saturated load. The substrate is the most critical element to the success of
a green roof system and should therefore be purchased from reputable suppliers or
specified by green roof experts.
7. Planting Method: In general, the planting method will be either "continuous" (planted in
situ) or "modular" (tray approach):


Continuous systems are "built in place" on the roof with layers designed to work
together to provide a healthy environment for plants. Continuous roof approaches
range from rolled sedum mats to hand-planted buffalograss plugs. Due to the variations
in green roof designs, it is important to consult with a multi-disciplinary team to
determine the type of roof design most appropriate for the short-term and long-term
conditions expected at the site.



Modular systems are self-contained trays, which can vary in size, and have relatively
shallow depth (2 to 8 inches deep). When
Considerations for Plant Selection for
modular trays are planted with
Colorado Green Roofs
groundcover and placed close together,
the roof often has the appearance of a
General categories of potentially viable
continuous system once the vegetation is
plants for Colorado green roofs include
established. Modular systems, without
native, alpine (grows in shallow rocky soils),
substrate or vegetation, are also used for
and xeric plants (e.g., sedum). Plants must
blue roofs in some retrofit situations.
meet certain criteria to optimize their

8. Plant Selection: While there are several
species that could potentially adapt to
extensive green roof systems along the
Colorado Front Range, the most commonly
used species are stonecrops or sedums
because of their prostrate growth form,
shallow root systems, and drought tolerance.
Another favorable attribute of sedums is that
the foliage tends to remain greener than
grasses throughout the entire year, even in
northern climates. However, drawbacks to a
monoculture for green roofs are the same as
9

chance of survival on a green roof. Due to
the shallow, well-drained materials in
extensive green roof systems, plants must
be drought resistant. However, not all
drought resistant plants are well-suited for
green roofs. For example, some plants avoid
drought by rooting deeply to access a more
stable supply of water. Such plants are not
suitable for a shallow green roof. Grasses
with strong rhizome growth such as bamboo
and varieties of Chinese reeds should be
avoided because these have the potential to
compromise the roof membrane.
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for a monoculture in agricultural applications – risk of widespread vegetation loss if
conditions (e.g., drought, disease, temperature, etc.) change from the anticipated range.
Characteristics of plant that tend to work well on green roofs in a semi-arid climate include:


Self-seeding.



Perennial.



Low or compact growth format.



Diffuse or fibrous root system.



Low water use.



Cressulacean Acid Metabolism (CAM), which is common in sedums (stonecrops)
where plant stomata are closed during the day to conserve water.

Extensive green roof plant species suggestions are provided in Table GR-1. Intensive green
roof species can be as diverse as gardens at grade. Research findings from a mixed
extensive and intensive green roof at Denver Botanic Gardens (Schneider et al. 2021) is a
good source of information on plants to consider or avoid for green roofs.
Table GR-1. Extensive Green Roof Plans Species Suggestions
Common
Name
Stonecrops
Buffalograss
Blue grama
Pineleaf
penstemon
Prickly pear
Pussytoes
Wormwood

Scientific Name
Sedum spp.
Buchloe dactyloides
Bouteloua gracilis
Penstemon pinifolius
Opuntia sp.
Antennaria spp.
Artemesia spp.

Requirements/
Conditions
Dry, full sun, spreading
Full sun, spreading
Upright, spreading
Full sun, good for
pollinators
Dry, full sun, spreading
Spreading
Spreading

Notes
Most common genus of
plants on green roofs
Native grass
Native grass
Also many other
Penstemon relatives
Colorful flowers, fruit
Silvery; some reseeding
Silvery; sage-like scent

9. Irrigation: Irrigation is required for successful green roofs in Colorado. Colorado State
University green roof research has shown that shallow green roofs in Colorado can survive
on a minimum of 5 inches of irrigation over the growing season (about ¼ inch of irrigation
per week spread across 3-4 small irrigation events). The decision to use drip or overhead
spray irrigation is determined based on substrate characteristics and plant needs. Drip
irrigation is more efficient when installed below the vegetation layer to avoid heating of the
drip line and to more effectively transfer water to the roots. Overhead irrigation,
particularly large droplet rotor systems, should be considered for shallow depth
applications because drip irrigation may not spread laterally when applied over a rapidly
draining substrate. Additionally, winter watering is required in the relatively warm and dry
winter days if precipitation has not occurred in three weeks. Typically, winter watering is
10
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done by using the irrigation system and blown out the same day (ideally with an inline air
compressor) or through use of a temporary/mobile irrigation product.
10. Site-Specific Design Considerations: When designing a green roof, various site-specific
factors must be considered. Examples include:


Wind: Select substrate and install material layers in a manner to withstand expected
average and storm wind conditions. Maintaining a consistent slope throughout the
green roof will prevent excessive wind scour in steeply sloped areas. When designing for
wind, make sure that high wind areas at the
corners of buildings are fully vegetated at the time
of installation or otherwise screened for wind
Combining solar panels
protection.
with green roofs is



Roof Microclimates: Consider the effect of roof
microclimates on the vegetation, including factors
such as shading, temperature fluctuations,
localized strong winds, and reflected solar
radiation from surrounding buildings. Solar panels
can provide partial shade to vegetation that may
not perform well when exposed to full sun.



Sloped Roof Applications: Green roofs may be
installed on flat, low slope, or steep roofs. For flat
roofs (e.g., roof slopes less than 2%) a deeper drainage course is recommended to avoid
water logging. For steep roofs (e.g., slopes greater than 30%), structural anti-shear
protection will normally be needed to prevent sloughing of materials. There are many
products available for substrate stabilization on slopes, which may include baffles, cells,
meshes, or fabrics.

mutually beneficial (Irga
et al. 2021). Solar panels
stay cooler, and
vegetation receives
partial shade, reducing
irrigation requirements.

11. Outlets (for Blue Roofs): Controlled flow roof drains for blue roofs are designed based on a
12-hour release rate of the WQCV. Provide these design parameters to a specialized drain
manufacture to design the roof drain(s) to achieve the desired release rates in place of
conventional roof drains. Settings on the drains must be fixed prior to installation to
prevent future modification. Flood tests should be conducted after installation of the
controlled flow drains to verify that they function as intended. To prevent clogging of the
drains, each orifice should be equipped with a screen or strainer that completely encloses
the inlet. Attach screens to the roof with tamperproof screws or bolts (NYDEP 2012).
12. Signage: Post signs on doors that provide access to the roof and near drainage inlets to
inform building owners, maintenance staff, and others that the roof is designed for storing
stormwater. Signs should indicate that several inches of water may pond after storm events
and that roof drains require specific maintenance procedures and should not be altered.
Signage increases awareness of the rooftop system and is intended to prevent future
modifications, which may be incompatible with the roof design (NYDEP 2012).
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Construction Considerations
Success of green roofs depends not only on a good design and maintenance, but also on
construction practices that enable the SCM to function as designed. Construction
considerations include:


Load-bearing Inspection: Before any construction for the rooftop system begins,
construction of all major components of the building’s structural system must be
complete, and a construction inspection by a licensed professional must be conducted
to verify that the building, as constructed, has the capacity to support roof loads from
the rooftop system (NYDEP 2012).



Permit Requirements, General Coordination, and Warranties: Investigate permitting
requirements for green roofs in the local jurisdiction. Significant coordination between
architects, engineers, roofers, and landscapers is needed. Contractually, it is common to
have the roofer warranty the impermeable membrane, whereas the landscaper is
typically responsible for the growing media, vegetation, and other landscaping.
Typically, irrigation systems have warranties, but plants do not, with the exception of
situations where a maintenance contract is in place. Where a maintenance contract is in
place, some landscapers or greenhouses will provide plant warranties.



Roof Membrane: Inspect the roof membrane (the most crucial element of both green
roofs and blue roofs) and conduct a leak test prior to installing the remaining layers of
the roof. Leak testing involves closing the roof drains and filling the roof with water
(flood testing) to determine if there are leaks present following the membrane
installation process. Flood testing requires at least 24 hours (ASTM D5957-98).



Installation Safety: Most landscapers are accustomed to working on the ground, so
safety training is important. If the green roof will be accessible to the public, safety at
roof edges must be a paramount objective and are required per OSHA standards.

Additional Design Resources
Because green roofs are an emerging practice area in the Denver metropolitan area relative to
other commonly used SCMs, designers should consider additional resources for green roof
designs in addition to the guidance provided in this Fact Sheet. Examples include:


FLL Guidelines: The FLL Guidelines are green roof standards developed by the German
Research Society for Landscape Development and Landscape Design. (FLL is derived from
the German title: "Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V.")
These guidelines include the planning, execution and upkeep of green roof sites. The 2008
edition of these widely consulted guidelines is available for purchase in English through
http://www.greenrooftechnology.com/fll-green-roof-guideline.



ASTM Book of Standards, v. 04-12, 2005:
o ASTM E2396-E2777: ASTM has developed a set of standards for green roofs; however, it
is important to recognize these standards were developed outside of Colorado.
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o ASTM E2396-05: Standard test method for saturated water permeability of granulated
drainage media (falling-head method) for green roof systems.
o ASTM E2398-05: Standard test method for water capture and media retention of
geocomposite drain layers for green roof systems.
o ASTM E2397-05: Standard practice for determination of dead loads and live loads
associated with green roof systems.
o ASTN E2777-20: Standard guide for vegetative (green) roof systems.


BOCA Codes, International Code Council (ICC): Building Officials and Code Administrators
International Inc. (BOCA), now known as the International Code Council (ICC), publish codes
that establish minimum performance requirements for all aspects of the construction
industry. BOCA codes at the Library of Congress are located in the Law Library Reading
Room. Some state codes are available at no cost through the eCodes sections of the ICC
Website, while others must be purchased http://www.iccsafe.org/.



Various Green Building and Sustainable Infrastructure Programs: Over the past few
decades, a variety of green building and sustainable infrastructure programs have emerged
that provide credit for green roofs and rooftop stormwater management systems. Credit
may be available in areas such as runoff reduction, stormwater treatment, reduced heat
island effects, and energy efficiency.



City and County of Denver Green Building Ordinance: The City and County of Denver City
Council passed a Green Building Ordinance in October 2018 after a public vote in 2017.
Green roofs are one of the options for compliance for 5+ story commercial and residential
buildings larger than 25,000 square feet indoors:
https://www.denvergov.org/content/denvergov/en/denver-developmentservices/commercial-projects/green-roof-initiative.html



Green Roofs for Healthy Cities: Green Roofs for Healthy Cities website
(www.greenroofs.org) provides a variety of resources related to green roof design. Green
Roofs for Healthy Cities - North America Inc. is a non-profit 501(c)(6) professional industry
association. Their mission is to develop and protect the green roof market by increasing the
awareness of the economic, social, and environmental benefits of green roofs, green walls,
and other forms of living architecture through education, advocacy, professional
development, and celebrations of excellence.



New York City Guidelines for the Design and Construction of Stormwater Management
Systems: This guidance provides detailed design, construction and maintenance
information on both green and blue roofs, as well as combining rooftop systems with other
treatment systems. Although climate and vegetation recommendations in New York differ
from Colorado, the remainder of the guidelines may be useful for designers in Colorado.
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