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Abstract

Interest in extensive and intensive green roofgasving exponentially throughout the
United States. Unfortunately, general contractarsmot always schedule the
construction of the building shell to coincide witte optimal green roof planting
window. In many instances this results in pushiminstallation and establishment of
green roofs well into the hottest and driest pexioisummer. Since completing the
green roof work - regardless of the seasonal camdit- is often non-optional, steps must
be taken to counteract the extreme heat and draagllitions that threaten the life and
permanent effectiveness of the green roof. Hdresthe present challenge and
opportunity.

Two case studies are presented. The first is@RGsquare foot extensive green roof on
the new Minneapolis Central Library. Complete@@05, this was the first publicly
funded and, at the time, the largest extensivergreef in Minnesota. The second is a
30,000 square foot extensive green roof on the M¢tewton Sioux Waste Water
Treatment Plant in Shakopee, Minnesota. Complet@@06, this is currently the largest
extensive green roof in Minnesota. In both casesstruction and budgeting delays
pushed the installation of the green roofs frontyelsiay to mid-July. Despite record
setting high temperatures and drought conditidresgreen roofs were successfully
installed and costly delays in the constructiothefbuilding shell were avoided. The
specific steps taken during the installation artdldshment of these two green roofs and
the positive follow-up results are presented.

Moving forward, it appears the disconnect betwemrstruction scheduling, favorable
green roof installation and establishment will remeaconstant. Green roofs will be
completed in extreme heat and drought conditiomisvah suffer permanent damage
without the proper measures being taken. Conselguelgar guidelines and
specifications will be needed to ensure that extergreen roofs are healthy and thereby
serve the functions for which they were intended.

Introduction



Green roof construction continues to explode throughout the United States at a rate of
sixty to eighty percent growth per year. New projects are being unveiled regularly and
construction managers and building owners are beginning to learn about green roof
structures and the processes that are essential to a successful installation. However,
when push comes to shove green roofs tend to take a back seat to other facets of
building shell construction. With construction delays becoming the norm across the
country, it is no wonder that many green roof installations are how occurring outside of
the optimal installation window. In both case studies presented, significant construction
delays posed a real and present danger to the long-term health and vitality of the green
roofs. As Mark Wirt at DripGrip (a sub-surface green roof irrigation technology firm)
often reminds builders and building owners, “It ain’t green, if it ain’t green.” Meaning,
that poorly established and permanently stunted green roof vegetation defeats the
purpose of green roofs in the first place. Achieving all the benefits that are possible from
green roofs requires that the green roof be healthy, transpiring, green and alive. The
purpose of this paper is to highlight specific steps taken at two high profile green roofs in
Minnesota to combat construction delays and the requirement to install the green roofs
during the peak of summer and extreme heat and drought-like conditions.
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Minneapolis Central Library During Construction and at One-Year

Case Studies

The two case studies presented in this paper represent the first and the largest green
roofs built in Minnesota (Table 1). Although the size and locations of the two roofs are
quite different, the roofs are also identical in many important ways. First, both roofs
were waterproofed using state-of-the-art inverted hot-applied roof membrane technology
by Henry Roofing. Second, both roofs utilized sub-surface irrigation systems. Third,
both roofs applied mycorrhizae fungi from Mycorrhizal Applications to amend the
growing medium. And finally, both roofs included a diverse pallet of native and
traditional sedum plant material. The three differences between the green roofs are the
depth of the media (4” vs 6”), the elevations of the green roofs, and the moisture
retention rates of the growing medium (15% vs. 35%).

Practically speaking, the media depth is the only difference that may play a role in the
successful establishment and long-term success of the two green roofs. Deeper
growing substrates are believed to help better support plant growth and protect against
winter mortality(6). The elevation difference between the two projects is marginal. The
Central

Library green roof is actually a series of green roofs located on the north and south
facing second floor roofs (2,500 sqft and 3,500 sqft) and the fifth floor roof (14,000 sqft).



The Mdewakanton Sioux green roof is a series of roof sections all located on the second
floor elevation. In terms of growing medium moisture retention rates, although there is a
considerable numerical difference in the rates, the practical difference is of little
consequence. At a 35% retention rate with no supplemental water during the months of
June, July, and August any water in the substrate would be depleted in six days. At a
15% retention rate with no supplemental water the substrate would be totally depleted in
three days. Since both roofs include sub-surface drip irrigation there will never be a risk

of the moisture levels reaching a dangerously low level over an extended period of time.

Green Roof Media Depth Irrigation Sall Plant Species
Amendments
Minneapolis 4" Light weight | Sub-Surface Mycorrhizae Mixture of
Central Library | green roof Drip Irrigation Fungi applied at | native and
growing and heat- a rate of two traditional
20,000 sqft medium with a | sensor pounds per sedum plugs
moisture controlled cubic yard of (one plug per
retention rate overhead spray | growing sqft) and
of 35%. irrigation medium. cuttings (25
system of the pounds per
south-facing 1,000 sqft)
2" floor roof.
Mdewakanton 6” Light weight | Sub-Surface Mycorrhizae Mixture of
Sioux Waste green roof Drip Irrigation. | Fungi applied at | native and
Water growing a rate of two traditional
Treatment medium with a pounds per sedum plugs
Technology moisture cubic yard of (two plugs per
Building retention rate growing sqft).
of 15%. medium.
30,000 sqft

Table 1 — Comparison of Two Green Roofs Studied




Mdewakanton Sioux Waste Water
Treatment Facility at 60 Days

Climatic Conditions

Following the summer 2003 European heat wave masgarchers concluded that the
increase in mean temperatures may not be an abereatd could likely project into the
future (5). With monthly mean temperatures exaegthe 98 percentile in many
regions around the world it appears that extenthieggreen roof planting window into
July and August (the historically hottest monthshaf year) may be even more
challenging and potentially life threatening to tbeg-term health of a green roof.

In Table 2 it is clear that the average Minneapaéigy high temperature in July 2005
and 2006 was trending higher than the previouseHdsy Statistically speaking the July
average daily high temperatures in 2005 and 20G€ significantly higher than the ten-
year average based on results from a two-tailttwieh unequal variance (Table 3). In
addition, the precipitation total for 2006 was siigantly higher than the ten-year
average rainfall (Table 4). The precipitation kétat 2005 was not significantly different
than the ten-year average rainfall. Based upanahalysis it is clear that the climatic
conditions were unusual and severe.



Comparison of July 2006 Daily High
Temperatures with 10-Year Average
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Table 2 (Source: National Weather Center)

Climate Data 10-Year 2005 July | T-Test 2006 July | T-Test
July Average Probability | Average Probability
Average 2005 2006
Temperature 83.20 86.61 .0032 89.81 .00028
(Fahrenheit)
Table 3(Source: National Weather Center)
Climate Data 10-Year 2005 July | T-Test 2006 July | T-Test
July Total Probability | Total Probability
Average 2005 2006
Total
Precipitation 4.34 2.94 172 1.29 .006
(Inches)

Table 4 (Source: National Weather Center)




Critical Success Factors

Successful establishment of both extensive greeis relied on three critical success
factors. These factors protect the investmenh@biuilding owners in the short and
long-term. While there are front-end costs assediavith each factor, the long-term
pay-off far exceeds the up front expense. Thestlgritical success factors are: sub-
surface irrigation, mycorrhizal fungi inoculum, apldnt selection to eliminate high risk
native plant material. The last critical succesddr is actually a recommendation based
upon the longitudinal results collected to date suggest that native plant material may
not survive and thrive in a shallow roof substrate.

Sub-Surface Irrigation

During the initial planting and establishment phakgreen roof construction daily
watering is mandatory (7). Although a green ramfogn does not always have the
availability to be irrigated automatically, everfyoet must be exerted to work an
irrigation system into the budget. In Minnesotanswertime temperatures in July can
easily exceed ninety degrees for days on end. tedtge free zones can easily approach
145 degrees. The combination of heat, wind, and ttays makes irrigation and regular
hand watering essential. At both green roofs is study, a sub-surface irrigation system
was installed and a regiment of daily hand wateahthe entire green roof surface was
followed for the first 21 days following the initiplanting. Hand watering helps to cool
stressed plants that tend to be “top heavy”’ contgpsré¢heir root structure. The sub-
surface irrigation waters at the root level throegbillary action, thereby creating a
wetted area up to 45% larger than a surface defesy(3).

Drip irrigation was first developed in 1930 by SimacBlass, a water engineer in the
Jordan valley, after watching a large tree growingis backyard “without water.” Blass
noticed a leak of small drops of water coming framearby pipe. The sight of the tiny
drops of water penetrating the soil became thdysdtir the modern day drip irrigation
technology. While there are many different typedrg irrigation the two most widely
used systems are the surface drip irrigation abessuface drip irrigation methods.

Surface irrigation has two distinguishing featutég flow has a free surface responding
to the gravitational gradient, and the on field neeaf conveyance and distribution is the
field surface itself. This involves the folding thie soil surface with water released from
canals or piping systems. Surface irrigation isthsoitable to level or slightly sloping
land or moderate permeability. When water is agoplo the area, it advances across the
surface until the water extends over the entira.atemay or may not directly wet the
entire surface, but all of the flow paths have bemmpleted. Then the irrigation water
either runs off the field or begins to pond onsiisface. This immediately poses an
evaporation issue as well as the possibility foréased disease or infestation of
unwanted pests and the promotion of weed colomzatAnother negative aspect of
surface irrigation is the possibility of unevenhydeexcessively applied water leading to
waste. This approach is more vertical and worlksreg the natural green roof plant
geometry which is more horizontal and spreading.



Sub-surface irrigation utilizes many of the sanaudees of surface irrigation. However,
with sub-surface irrigation the piping is suspentetbw the surface at the root level. In
addition to providing more coverage via capillacyien below the surface, the
evaporation that is excessive in surface irrigatsogreatly reduced as the water is
directly applied to the root zone. This type oigation also provides consistent moisture
allowing plants to become established. The pdggiof wasting water is eliminated as
well as unsightly drip lines and hoses. Both &f gneen roofs in this study utilized the
Netafim drip irrigation system that was suspendaeeXactly two inches below the
surface of the growing medium using the DripGrip-surface irrigation system. The
DripGrip system is an injection molded anchor thmaitds the drip irrigation line and
attaches to the roof filter fabric using a pateritedk and loop mechanical attachment
technology. The result is a positive connectiat tjuarantees that the drip line cannot
migrate to the surface and continues to deliveemahere it is needed the most — at the
root level.

DripGrip Sub-Surface Irrigation System

The perpetuation of the popular myth that greerfisroan survive with little or no
maintenance and water will only lead to more “brawofs” and frustrated building
owners and green roof architects. Successful giaamlant establishment demands
sufficient water to help plants acclimate to thersh growing conditions. Well
established plants are an investment in the fudfitee green roof and are much more
likely to survive difficult winters and drought thalants that have been permanently
stunted and weakened by insufficient access tor@te As John Todd comments, “Life
is not possible without water. Water is the lifehgg element, the reason we inhabit a
blue planet” (9).



Mycorrhizae
Although mycorrhizal fungi have been critical tapt health for thousands of years, the

commercial availability of mycorrhizal inoculentashonly been available since the
1950’s. Only recently have mycorrhizal soil amendtadeen used to increase the
nutrient uptake and water management capabilifigsezn roof plants. Considering that
90% of the world’s plants form mycorrhizae and riegthe association for maximum
performance and growth, it is critical that steriieeral based green roof media be
infused with mycorrhizal fungi prior to planting.

In addition to water and nutrient management impnognts, another advantage of the
fungi is their ability to absorb phosphorus thatas readily available to the plant.
Phosphorus helps plants use water more efficidntiynproving water uptake, helps
resist cold and disease, aids in blooming andiaidspid root development (1). The
fungi also absorb micronutrients zinc and coppeicivhelp the hyphae extend beyond
the depletion zone that develops around the restgting in greater drought tolerance.
By developing an immense network of hyphae theifsagre as extensions of the plant
root systems.

Shallow planting media (4-6") combined with extreheat and drought-like conditions
in 2005 and 2006 required the support that mycoadprovides. Mycorrhizae produced
by Mycorrhizal Applications was added to the grogvimedium at both sites at a rate of
two pounds per cubic yard of growing medium. Tieculum was distributed with a
fertilizer spreader and carefully raked into thedimen.

Plant Selection

With the explosion in prairie/wetland restoratiordanative plant propagation and
distribution it is no wonder that many green roafrgtects and building owners are
requesting native plant material for their greeof neegetation (2). Traditional green roof
Crassulacean plants like sedums are falling otdwair even though they have a proven
track record for hardiness and adaptability. Tiierest and demand for green roof
biodiversity via native plant introduction is blingd practitioners to the reality that most
native plants are not well suited to a shallow medwith high mineral content — typical
of every extensive green roof. The bottom linthat the typical extensive green roof
environment is a poor match for most native plaatemal (7). High wind and sun
exposure only intensify the stress placed on nati@ets most familiar with deep soils
and rich microbial structure.

In one study at Carleton College (Northfield, Misot), out of seventy-five native forbs
and grass species planted, only nine were foundiggoafter one year. Twenty-eight
colonist weed species were found growing in plddé® native plant species (4). At the
2005 World Green Roof Congress in Basel, Switzell#me overwhelming theme was
“biodiversity.” Whether green roof designers arma@y bored with European sedum or
simply ignorant of the ecology required to suppative plant material the result is a full
frontal attack on “sedum deserts.” The desireébfodiversity and more creative design
is ignoring the limits of nature.



At the Minneapolis Central Library and the MdewatkemSioux Waste Water Treatment
green roofs, native plant material has seen kglablishment success in the first year. In
particular, the native grasses have suffered an @a% mortality rate despite extensive
efforts to acclimate the plants to their new enwmnent. Future research at the
Mdewakanton Sioux green roof will result in a défire list of native plant material that
will tolerate the restricted ecological conditidnsind on extensive green roofs.

Conclusions

The benefits of a green roof are possible onliéfitoof is green is alive and transpiring.
Construction delays and a lack of education withenconstruction community are
continually working against this goal. The purpo$éhis paper was to highlight
preventative measures taken to ensure successfallation and establishment of two
high profile extensive green roofs built in Minn&sduring extreme heat and drought-
like conditions. The positive results to datehat Minneapolis Central Library and the
Mdewakanton Sioux Waste Water Treatment Plant oortfat it is possible to install
green roofs during extremely harsh summer conditidBly investing in mycorrhizae
fungi, a functioning sub-surface irrigation systemgd by carefully selecting plant
material that is suited for shallow and lean graymmedium, successful green roofs can
be realized. Additional research at the Mdewaka@imux green roof will shed light on
the specific role sub-surface irrigation and pkelection will have on future green roof
successes .
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