4.1 Green Roofs

A green roof (vegetated roof/eco roof/roof gardé&n)a system consisting of waterproofing
material, growing medium and vegetation. A gremof can be used in place of a traditional roof
as a way to limit impervious site area and mandgemswater runoff. The green roof design
should attempt to mimic pre-developed site hydrglagducing post-developed peak runoff rates
to near pre-developed rates. Green roofs alsorhitigate runoff temperatures by keeping roofs
cool and retaining much of the runoff from typicibrm events. Although many green roofs
consist of lightweight growing medium and low-grogi succulent vegetation, other more
heavily planted systems are possible; in eithee tas design should be self-sustaining.

The structural support must be sufficient to hole additional weight of the green roof. Greater
flexibility and options are available for new builds than for reroofing existing buildings,

however retrofits are possible. For retrofit potge an architeet, structural engineer, or roof
consultant can determine the condition of the #gsbuildifg structure and what might be

needed to support a green roof. Alterations migtiude agdditional decking, roof trusses, joists,
columns, and/or foundations. Generally, the bngds st be adequate to hold an
additional 15 to 25 pounds per square-foot (pstiirgée

ballast roof may be structurally sufficient to
10-15psf).

traditional bituminous roofing material, § G e’urban heat island effect as well as
save the building owner coolipgTe ually made of clay or concrete, and
N the infrared. Special pigments allow
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Key Elements:

» Green Roofs must be designed in accordance witlicapfe city, state, and federal building
codes and a drainage system and overflow to aroeggrconveyance and discharge location
must be designed in accordance to the Storm WadsighB and Specification Manual.

» Internal drainage, including provisions to coved gmotect deck drains, must anticipate the
need to manage large rainfall events without intingahe cover.

» Green roofs with engineered growing medium of aste8 inches in depth can be considered
more pervious in storm water design calculatiomstie WQV sizing equation that a standard
roof.

» Providing urban green space, aesthetically pleasags, and habitat.

» May reduce utilities such as heating and coolirgfo

» Can extend roof life by two to three times.

* Improve air quality by filtering dust particles.

e LEED points.

Table 4.1.1: Green Roof Potential Application Brm\W ater Regulation

Residential
Subdivision: Yes /Water Quality Bénefit  No Yes
Commercial: Yes Volume-Redugtion No Yes
Ultra Urban: Yes ttéuation Benefit No Yes
Industrial: Yes \ \/ >
Retrofit: Yes \ /7Y
Highway Road: /No \ \

Acceptable for prexreat

N/A
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Green Roofs in the Urban Landscape
Unlike conventional roofing, green roofs promotetergion and evapotranspiration of
precipitation. This storm water management teamig very effective in reducing the volume
and velocity of storm water runoff from roofs.

Green roofs can be installed on many types of rofifsm small slanting roofs to large
commercial flat roofs. The maximum acceptable tpitor conventional green roofs is 25%,
unless documentation is provided for runoff contola steeper slope. Green roofs are an ideal
option for new buildings that are taking long teowst savings and energy conservation into
consideration. Many existing buildings can alsorbgofitted with green roofs if structurally
capable.

Although green roofs are more expensive than cdiomal roofs initially, they provide long term
benefits and costs savings. A green roof’s undeglyaterproofing can extend the life of a roof
two to three times by protecting the roof from mesulal damageyshielding the roof from UV
radiation, and buffering temperature extremes.e@reofs also reddce energy costs by providing
insulation and absorbing/reflecting excess heatlghd. A he rookslowly absorbs energy from
the sun during the day and releases it as thenals ct by séducing_heating and cooling costs.
The benefits will be greatest during the summer, low™uildings will see the greatest
benefits. Green roofs also reduce the urban effect by preyiding, evaporative cooling
and can improve air quality by filtering dust palgs.
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Components of a Green Roof
There are three basic types of green roofs (GRHO8R An
extensive green roof system is 6 inches or less$eth, and
has a water saturation weight of 10-35 Ibs/ft2.udtially has
limited accessibility and is planted with drougblerant
succulent plants and grasses. A semi-intensivengreof
contains material 25% above or below 6 inches.mdy be
partially accessible, has a water saturation wegghip to 50
Ibs/ftz2 and has potential for greater plant diwgrghan an
extensive roof. An intensive green roof is degpan 6 inches
and typically has a water saturation weight betwB6r300
Ibs/ft2. These roofs are usually accessible temtibesides
maintenance and allow for great plant diversityaclit green [/ A W7 el
roof project is unique, given the purpose of thdding, its A/ pilla. ! e S
architecture and the preferences of its owner amdl s :
However, green roof systems are typically comprisédhe
same components:

ity of Porlland | OR

= Plant material

= Growing medium

= Filter fabric

= Drainage layer

= |nsulation (optional)
=  Waterproof membrane/root barrier
= Roof structure

.\ WATERPROOF MEMBRANE
" ROOT BARRIER (as needed)
ROOF STRUCTURE

' GROWING MEDIUM
.\ FILTER FABRIC

' DRAINAGE LAYER
{as needed)

TYPICAL COMPONENETS OF A GREEEN ROOF

In addition to the three p
green roofs; these are cl
variety of specific

MODULAR GREEN ROOF DEARBORN, MI-F ORD ROUGE CENTER COMPLEX -
SYSTEM INSTALLATION 10-Ac GREEN ROOF —PART OF A 600-AC STORMWATER
MANAGEMENT SYSTEM AT A BROWNFIELD SITE
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Plant Material

The plant material chosen for green roofs is desigio take
up much of the water that falls on the roof durngtorm event
and be drought tolerant. Plant material also ctdledust,
creates oxygen, releases moisture, and providegomative

cooling. Plant selection is very important to sustainability
of the roof. The extensive green roof should re8686o

growth coverage within two years. The followingtetia

should be taken into consideration when selectiagetation
for the green roof:

PLANT MATERIAL

= Drought tolerant, requiring little or no irrigatiafter establishment

= Self-sustaining, without the need for fertilizepssticides, or herbicides
= Able to withstand heat, cold, and high winds
= Very low-maintenance, needing little or no mowingrimmi
= Perennial or self-sowing
Fire resistant

ily through wateldhi@ tension in the growing medium pores.
The growing medium in an extensive green roof sthie!
a lightweight mineral material with a minimum ofganic
material and should stand up to freeze/thaw cyctsmi-
intensive and intensive roofs may have organic riate
and/or sand added to the mineral material. Organic
material should not contain peat, because of its
nonrenewable nature and burning potential, nor ahim
waste, which can leach pollutants into storm wabed
may eventually leave the site. The engineered naate
should be FLL approved.

KENTUCKY SANITATION
DISTRICT 1-DEMONSTRATION SITE
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Filter Fabric

An engineered, non woven filter fabric prevents
fine soil particles from passing into the drainage
layer of the green roof system.

Drainage Layer

The drainage layer is a lightweight granular
medium and/or plastic material resembling egg
cartons set beneath the planting medium. The
drainage layer needs to provide a balance between
water retention and root aeration and is a critical
component of the/Storm water retention function.
An approved arge location should be
identified for every green roof and drain(s) predd

CROSS SECTION-GROWING MEDIUM

Waterproof Membrane/Root Barrier
To maintain structural integrity of the roof, a &g
Some waterproofing materials are inherentl
root barrier. It is important that the membranedbéig

Roof Structure
The load capacity of a roof strue

Recommendegd
= Early compiunic,
architect,

procedure.

= |nvestigate the feasibility of the installation afgreen roof. A structural engineer should
verify that the roof Wjll gupport the weight of ttgreen roof system. It is important to
consider the saturated Weight of the roof in th&glecalculations.

= Determine the portion of roof that will have a graeof. Typically 10% or less of the green
roof is composed of non-vegetated components ssighawel ballast, pavers for maintenance
access, etc.

= Extensive green roofs that have an engineered gopmiedium of at least 3 inches thick can
be permitted as water quality volume reduction étputhe entire area of the green roof.

= Although green roofs are not considered as impeasvisurfaces when determining storm
water management requirements, they are not zeahalige systems. The roof drainage
system and the remainder of the site drainagersystest safely convey roof runoff

= Develop a planting plan based on the thickneskeptanting media.

= Complete construction plans and specifications.
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Materials

Presently (2008), the only widely-accepted, esthblil standards for green roof construction are
those developed in Germany by the Forschungsgesefts Landschaftsentwicklung
Landschaftsbau (FLL). The FLL guidelines includelustry standard tests for the weight,
moisture, nutrient content, and grain-size distidou of growing media. FLL also certifies
laboratories to conduct critical tests, such asrt@ penetration resistance of waterproofing
membranes. These guidelines are available in &mgtanslation directly from FLL. There is
also an American Standard Testing Methods (ASTM3k tayroup that is developing
comprehensive American standards for green rodtdiliaton.

Materials for green roofs will vary somewhat depagdon the media thickness, intended uses,
and desired appearance. The specifications prawd®w focus on those for a 3-inch extensive
green roof system.

Plant Material

= Maximum water reténtion> 30% (volume)
= The nutrients shall be initially incorporated inetfiormulation of a suitable mix for the
support of the specified plant materials.

Filter Fabric

Filter or separation fabric shall allow root pea#tin, but prevent the growth medium from
passing through into the drainage layer. The ¢aktiould be a non-woven polypropylene
geotextile.

Drainage Layer

= Drainage layer shall be used to provide conveyah@xcess water in the green roof system.
The layer shall meet the following specifications:
= Abrasion resistance (ASTM-C131-963:25 % loss
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=  Soundness (ASTM-C88 or T103 or T103-9%)5% loss
= Porosity (ASTM-C29):< 25% loss
= Grain size distribution (ASTM-C136)

* Percent Passing US#18 sievet%

* Percent Passing Ys-inch sie¥e€30%

* Percent Passing 3/8-inch sieve80%

Waterproof Membrane/Root Barrier

= PVC, EPDM, and thermal polyolefin (TPO) are inhékemoot resistant; other common
waterproofing materials might require a root barbetween waterproofing and vegetative
cover. PVC has been shown to release toxins iressitnations and should be avoided if
other alternatives are available.

= Avoid using herbicides to prevent root penetratdwaterpreOfi

Irrigation System
= |tis recommended that extensive systems be de$

Roof Structure
= Typical roof structure sho
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Construction Guidelines

= A safety program is one of the most important
considerations for anyone that will be building eean
roof.  All governmental fall and safety protection
regulations must be followed.

= Pre construction meeting/training for all tradegoived in
the installation of a green roof is critical to thaccess of a
green roof due to the number of trades involved.

= Contractors should be trained for green roof itetiain
and have a thorough understanding of the overallesy

that they are installing. Contractors must be awar¢he

roof access points, load bearing points, materiatage
requirements, mode of tgapsportation of materialshie
jobsite, and scheduling/6f materials.

FLooD TEST

= Apply waterproof/membrane and inspect for any
interfere with its elentain

yhes. Membrane protectionudtide
ent of installation for theiqubrof

DRAINAGE LAYER dunng staging and installatioh

Restrictions of traffic on membrane
Physical protection
Phased construction

When the waterproofing membrane is installed it thines

tested to ensure tQ afe no leaks, aftaahwhshould be continuously protected.

The design professional is responsible for decidivegbest
method to test the integrity of the waterproofingmfrane.
The most common method used is flood testing. Adlo
test typically involves the following steps:

DRAINAGE MAT

=  Temporary blockage of drain system
= Area covered with 2” water for 24 to 48 hours
= Inspection of the underside of test area for wiatidtration
= Careful removal of water from the site so as nattess the drainage system.
= |Install drainage layer, taking care to protectwiaerproof membrane from damage.
= Test the drainage system.

= |nstall the filter fabric or separation layer owsttire drainage layer.
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= |nstall growing medium component as specified.

= Establish vegetation in the spring for best results
sedums can be established from fresh cutting tieat a
broadcast onto the growing medium.

= |n May/June or September/October, sedum plugs ean b
established by planting them 1 foot on center.

= Perennials can be seeded, except during summehmont

= A biodegradable or photodegradable wind barrier or
hydromulch may be used to prevent erosion duriag th
establishment period. It generally takes about two
growing seasons for full establishment.

e
PLANTING

Stormwater Design and Specification Manual Page 41
Draft Green Infrastructure Supplemental Stormwater Document Maddh 20




Maintenance Guidelines

All facility components, including plant materigifowing medium, filter fabric, drainage layer,
waterproof membranes, and roof structure shoulshggected for proper operations, integrity of
the waterproofing, and structural stability throaghthe life of the green roof.

Table 4.1.2: Green Roof Maintenance Guidelines

Drain inlet pipe should be cleared when soil sutsir
vegetation, debris or other materials clog therdialiet.
Sources of sediment and debris may be identifiedcanrected

= Plant material should be maintained to provide qéft
cover. Weeding should be manual with no herbicates
pesticides used. Weeds should be removed regaadynot
allowed to accumulate.

= |rrigation, although not recommended, can be acdis
either through hand watering or automatic sprink
necessary during the establishment period.

=  Growing medium should be inspected for eviden o$ion
from wind or water. If erosion channels age evil an
be stabilized with additional growth medium si
original material.

= |nspect drain inlet pipe and conta@ehxk\\

= Fertilization is not nece ot be applied, unless there is a
documented need. Ifi ' edtian is required to restore function of the
green roof vegetatl ct fertilization riegments should be determined, and the

= During the ist iod, maintenastaf should conduct 3-4 visits to conduct
basic weédi i \d jA-fill planting.Thereafter, only two annual visits for

= Spill prevention méasures” from mechanical systamatéd on roofs should be exercised
when handling substanees that can contaminate statsr.

= |f the structure/property where the green roof tsxis likely to change hands, a plaque or
similar element should be placed on and/or nearabgstating the manufacturer of the green
roof elements so warranty details and other infoionabest relayed by the manufacturer are
easily obtained.

Note:

Design of green roof systems are not limited togk@mples shown within this text. Successful
storm water management plans will combine appropmiaaterials and designs specific to each
site.

Maintenance guidelines vary for semi-intensive emteinsive green roofs from what is presented
here.
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4.1.1 Green Roof Designer/Reviewer Checklist

Item

Yes No

N/A | Notes

Load and structural capacity
analyzed?

Waterproofing layer and
protection adequate?

Leak protection system
provided?

Internal drainage capacity for
large storms provided?

Appropriate growing medium?

Appropriate drainage media
and/or layer?

Geotextileffilter fabric
specified?

Good detailing (flashings,
penetrations, drains, gravel
edges, etc.)?

Slope stability provided, if
necessary?

Appropriate vegetation
selected?

Appropriate drainage caU&q,
provided?

<
)
N/
K
N\
-

Plant establishmént (te
irrigation/fertiki atl
procedures p VI

</‘,> 1

\E AN

ErOS|On COﬂtrOl N
Z‘%&d\)

protection provide
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Regular inspection and maintenance is criticalht® effectiveness of a green roof.

4.1.2 Green Roof Maintenance Inspection Checklist

Green Roof - O & M Manual

Address of Property
BMP Narrative:

It is the

responsibility of the property owner to maintaihsitbrm water facilities in accordance with the
minimum design standards required by the City oft Pé&/ayne and this Operations &
Maintenance Manual. All facility components, indlugl plant material, growing medium, filter
fabric, drainage layer, waterproof membranes, aud structure should be inspected for proper
operations, integrity of the waterproofing, andistaral stability throughout the life of the green
roof. The local jurisdiction has the authorityitopose additional maintenance required where
deemed necessary. The city has the right to ingpecsystem and to require replacement if it
fails or is a threat to public safety. If maintana does not ¢ ct the problem, full or partial
replacement may be required.
Green Roofs shall be in accordance with the follhgmnsp tion d maintenance criteria:

Inspection Activities /\ Eri%%zsntg?

* Inspect to ensure that the green roof wés instadled wo g Post-construction
properly.

» Inspect areas for potential erosion or dama lmlo

Inspect foundation for any leaks a

exceeded. A~

Annually and after
large storm events

* Inspect for ponding. As needed
* Inspect for dead or styé€ss
» Inspect for tall or sun'scorc ;
* Inspect for wee
Inspect mecm nt fonJeaks’and spills.
Maintenance /Qvn@\ \\) Suggested
Frequency

0 \lﬁ?ura deficiencies.
Contact manufacturer for repair or replacement efniorane.
Remove any sedim plant debris from cloggeiets.

Post-construction

Drain inlet pipe shoque cleared when soil swtefrvegetation
debris or other materials clog the drain inlet.

Plant material should be maintained to provide @@Merage.
Weeds should be pulled manually, and removed rdguénd not
allowed to accumulate.

If necessary during the establishment period &hii8 months)
irrigation can be provided by hand watering or endtic sprinkler
system.

Report any mechanical equipment leaks and spilispgy spill
prevention should be exercised.

as needed

Growing medium should be inspected for evidencerokion from
wind or water. If erosion channels are evidergytban be stabilize
with additional growth medium must be similar toe tloriginal

Quatrterly
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| specified material.

Address

of property

Inspector:

Date:

Time;

Weather: Rainfall over previous 2-3 days?
Site conditions:

Owner change since last inspection?: Y

N

Mark items in the table below using the followingyk

X Needs immediate attention

— Not Applicable

v Okay

? Clarification Required
Green Roof Components:

/2

Items Inspected ChecKed intenan¢e  Inspection
/\\ /\Ne ed Frequency
STRUCTURAL COMPONENTS: //ﬁ Y N \ A
1. Foundation checks (e.g. are there any lda N
or structural deficiencies)? L /
2. Tears or perforation of membrane 4(€ontact N. N
manufacturer for repair or replacement)? \
3. Clogged outlets (remove any sedimeént N/
plant debris if necessary)? 7~ _
4. Standing water present (dll facilities shall ~
drain within 24 to . Reco
time/date, weather, andsjte c itio S
ponding occurs)? _——_
VEGETATION: (plapf materia ~
90% of the facilit \%\%\ M, AMS
5. Dead or stressed veyetation?
6. Tall or sun scorched gkss?)
7. Weeds?
GROWING/FILTER MEDW M, AMS
8. Exposed soils?
9. Gullies?
10. Ponding?
OTHER A

11. Are mechanical units free of leaks and spil

Is?

12.1s there any threat to Public Health? (e.

mosquito larvae or rats)

11
«Q

13. Other (describe)?

Inspection Frequency Key A= Annual, M= Monthly, AMS= After Major Storm
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COMMENTS:

Dates by which maintenance must be completed: [

Dates by which outstanding information as per coneenditions is required by: I

Inspector’s signature:

Consent Holder/Engineer/Agent’s signature:

Consent Holder/Engineer/Agent’s name printed:
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