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Abstract

The general public often does not realize how theiions affect the ecosystem and watershed artiemd. Even
through the expansion of cities and the layingeM/inighways, the quality of drinking water is adteér Many
actions and changes affect the watershed, for ebealamge sections of impervious paved areas shéelr\faster
than green space often causing sewer overflowss@le used on the roads and chemicals placeds lmake
their way through the watershed when it rains. Hiothings are not done with the intention to hanm t
environment, sometimes being uninformed as to hetieas can start a chain reaction is the issueryiviag has
an impact. With this in mind, the need to educhéegeneral public about the watershed and its itefgmxame
apparent. Green roofs, roofs with soil and vegatathave many benefits for the environment andwhiershed,
including the ability to filter the air and watemcareduce storm water run-off. The objective o$ hioject was to
research the impacts of green roofs and to genanatedel that simulates some of these benefitsdardo educate
the general public about the advantages of integratreen roofs into the watershed.

1. Introduction

The Milwaukee River Watershed consists of 685 sguates of land containing streams, rivers, lakes a
groundwatef! “Defined by nature’s boundaries instead of pcditiboundaries, a watershed is an area of land that
captures water and drains it to a river or ladie ¥Vhen it rains water travels across the land awement and
collects sediments and substances, it progresstisetims then rivers and eventually ends up in Mikdigan.
Water that does not run off into the tributaryeains and rivers, will make its way through the tothe water
table, the upper limit of the portion of the groumbolly saturated with water. The watershed hasansystem that
contains a wide range of plants and wild life, #melactions of people can alter the ecosystemwEter quality is
affected by everything we do, from the chemicalsdusn farms and lawns to the salts, oils and flléétsby cars on
streets and parking lots. Commercial and indusadéivity can affect the watershed by releasingn®xand
chemicals into the environment. Even those thatelemsed into the air make their way back to tagemthrough
rain cycles. The sediment of the Milwaukee Riverastaminated with toxins, like mercury, from thaning
industry that use to be along the river in the p@snstruction of homes, laying of concrete anchakpagricultural
uses, animal waste, pesticides and herbicidesffdrom impervious surfaces and more all relat¢hi health of a
drainage basin. As cities expand and more nataizitdt gives way to buildings and streets, a sisaplaced on our
environment. The watershed is altered and its &ffeickle throughout the ecosystem.

So what can be done? As cities grow and therigasingly less green space, the effects of izbton
take a toll on the environment. Green roof systaresa beneficial way to bring vegetation back thecity and
help restore balance to the environment. A greehnafers to a roofing system that contains a tMiayer of
vegetation and soil. The basic components contdmadyreen roof system are: waterproofing memhrdranage
system, filter layer, soil layer and vegetationglaylT he benefits of green roofs have long since beeognized in
history from the hanging gardens of Babylon andzilggurats of ancient Mesopotamia, to the Norwegiagh roofs
still in existence in Norwa§! Green roofs have been apart of European architefiua long time and are



beginning to spread to North America. “In North Anca, the benefits of green roof technologies arerly
understood and the market remains immature, detsitefforts of several industry leaders. In Eurbpeever,
these technologies have become very well estallisias has been the direct result of governmagislative and
financial support, at both the state and munidipatl. Such support recognizes the many tangibdeimangible
public benefits of green roof&”

2. Green Roof Systems and the Milwaukee River Water shed

Green roof systems have many ecological and ecar@iiménefits. In regards to the Milwaukee Riverexsiied,
green roof systems can help both water qualitycarathtity. When rain hits impervious surfaces, sagltoncrete
and asphalt, it sheds off directly into the city&vage system and it takes any impurities on tirdase with it.
Heavy rains have often exceeded Milwaukee’s seamdswvastewater treatment plants capacities cassimg-
treated sewage to be released into lake Michigaafforts to alleviate this problem the Milwaukeetvbpolitan
Sewage District (MMSD) designed and managed thgDOemnel Project. The Deep Tunnel Project was aesig
for wastewater overflow containment. This allows tiastewater treatment plants to treat the water ttme when
a heavy rain exceeds the sewer system capabilitiesDeep Tunnel Project covers over 17 miles oheated
tunnels ranging from 17 to 32 feet in diaméteThe Deep Tunnel can hold 405 million gallons ofev&’ This
extensive and expensive project took nine yeaceoplete and cost the district’s water pollutioat@ment
program $2.8 billion dollars. Though the Deep Tumrastically reduced the amount of overflows te siewer
system, it did not completely resolve the probleébhere are still large amounts of semi-treated ewaater being
released into Lake Michigan. On a dry day the imeait plants clean 200 million gallons of wastewadtsrms can
increase that amount 5, 6, 7 times or even morkafger storm&? The following graph, Figure 1, shows the
estimated combined sewer overflows, CSO, afteDibep Tunnel was installed. In 1999, there wakastil
estimated 4 billion gallons of semi-treated sewaeased into lake Michigan because of storms ekogehe
capacity of the sewer systéth.
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Figure 1 Bar graph showing combines sewer overfjaantities

Yet what else could be done to reduce overflowsH#a/the project was a large-scale action, compaaniescity
occupants can undertake many initiatives thatmduce water run-off, reduce the amounts of comtants in the
water and help the environment.



2.1 types of green roof

There are two basic types of green roofs, intersngextensive. Intensive green roofs refer toodwith at least
1ft of soil. They usually range from 200 to 500th/the equivalent to paving slab or vehicle surfdcghis heavy
load needs to be taken into account when designimgjlding. Substantial structural changes areireduo fit an
existing building with an intensive green roof.dnsive green roofs can contain a large varietyegktation from
grass to trees. Intensive green roofs are ofted imsaecreation and can be accessible to the ibgdoccupants.
The range of plant medium does require moderatater@nce.

The second type of green roof is an extensivergreef. Extensive green roofs are characterizet to/5
inches of soil. Extensive green roofs generalljgvé&0 to 150 Ib/ft, the equivalent of a gravel surfdt®.
Extensive green roofs can accommodate shrubs,egrassl low-lying plants. It usually is not desigf@duse but
can be if desired. Little maintenance is requieldep up an extensive green roof.

The Garden Room in Shorewood, Wisconsin, Figutea®,an excellent example of an intensive greeh roo
It covers 1,900 ftof the roof and has a soil depth of 18 inches. gileen roof accommodates a large variety of
plants ranging from perennials and roses to evergsbdrubs and small ornamental trees. “The straictunralysis
determined the existing footings of the building@eot sufficient to take this additional load sterior columns
on new footings were designed to transfer the gerdef load to the ground*¥ Owner Deborah Kern said,
“Gardens in the sky have always fascinated me. BEney delightful, hidden surprise and a joy tdt &

: :ﬁ ¥ :

2.2 green roof benefits

The benefits of green roof systems can be subdivite two categories, ecological and economicabriomically,
green roofs can provide the building owner or comyp@onetary savings. When a green roof is installe a

building there is a layer of soil and vegetatioatttioes several things for the building. First,sb# and vegetation
protect the water proofing membrane of the rooffildV radiation, mechanical damage and harsh weather
environment$™! This will extend the life of the roof, which ressiin lower maintenance and replacement cost over
the life of the building.

As an incentive to build more environmentally fidgnstructures, many European countries have retluce
rain taxes or storm water management fees for ingiédwith green roof systems. In the United States cost of
storm sewer system construction and maintenaruaidsby taxes. Many cities have grant programgfeen roof
systems and the EPA’s Clean Water Act Section emfand green roof installatidH’



The soil layer in a green roof can also providarege of thermal insulation, which can result inuestl
energy consumption and initial equipment size.akdard roofing system has a dark surface, whicorabsheat
from the sun during the day and emanates it baolgat. Theses large fluctuations in temperatuterofause
damage to the roofing membrane and increase thigyenensumption of the heating and cooling equipim€he
green roof’s soil layer helps by reducing thermahsfer across the roof. A study done by the Nati®esearch
Council of Canada tested a green roof and a stdrdaf system. It was found that the green roofesysregulated
the fluctuation in temperature. This can be sedfignre 3. Heat flow was measured with heat flaxsducers
implanted in each roof section. “These transduaen® calibrated such that positive heat flow repnés heat
entering the roof at the installed location whiégative heat flow means heat is leaving the f56fThe reduction
in thermal transfer across the roof decreasesdhwdd on the cooling and heating equipment. The EVA
equipment can then be sized for a smaller peakrdesulting in savings not only on energy consunmpliat also on
initial equipment costs. The vegetation also presidhade from heat and protection against wind.
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Figure 3 Heat flow through the roofing systems cummer day (July 16, 2001) indicated that thergreef
reduced the heat floe through the roofing systemificantly.

Green roofs can also provide acoustic insulatidms s beneficial for areas that may be near itdégs,
industrial factories, or airports. The soil formsound insulator that can reduce the sound by 8dén average.
The soil and vegetation absorb sound instead tefatizig it, so that it reduces sound from extesiources:®

Green roofs also often utilize recycled materiadsich help the environment. And they overall previd
aesthetic value, which has been tested to showhpRygical benefits for the city occupants.

Green roofs also provide ecological benefits. Vatigh has many benefits to the environment. The
vegetation medium has the ability to use heat filoensun and water to turn carbon dioxide into oxyteough
photosynthesis. “A one and one-half square-foca afegreen-leaf surface supplies enough oxygeaugir
photosynthesis, to supply one person’s requirenfen@n entire year?*”!

“Roots hold soil in place and prevent erosion, thieenting sedimentation of nearby waterways.tPlan
roots, and their attached enzymes and mycorrhizaif filter and treat rainwater as it percolateatgh the
ground.™® “The nutrients phosphorus, nitrogen, zinc, coppad sulfur have been shown to be absorbed and
translocated to the host by mycorrhizal furfgi.”

Urban Heat Island effect plagues cities becauskeif large areas of dark surfaces like roofs esphalt,
they absorb heat from the sun all day. The Urbaat H#gand effect describes the larger temperataraghanized
areas compared to surrounding areas with largeuatad vegetation. Leaves of vegetation use evapspiration
to collect dust from the air and heat to evaponadésture, which reduces the outside temperature.
“Evapotranspiration occurs when plants secretdran$pire” water through the pores in their leaV&5The water
then uses up heat when it evaporates and cootsrtHeaving the green roof at a lower ambient terafure through
out the day. Adding more vegetation to cities Wélp reduce the Urban Heat Island effect, whictuin reduces
greenhouse gas emissions and smog.



Heat & Evapotranspiration on
Light \' leaves collect particles
\' from air and reduce

greenhouse gas
emissions

Mycorrhizal fungi

on roots absorb
phosphorus, nitrogen,
zinc, copper and
sulfur.

Figure 4 lllustrates benefits of vegetation

One of the greater benefits of green roofs is thiaility to reduce the quantity and rate of rairevatin-off.
The soil and vegetation collect and use rain wakemetropolitan areas with buildings and stresimprising 75 to
100% impervious surface cover, rain water is distied much differently. A staggering 75% of thenveater
becomes surface run off¥ Green roofs, on the other hand, absorb and user wifter the soil has been saturated
it will slowly let out rainwater run off. The regirg run off contains less contaminant becausesdtiieand
vegetations can filter rainwater as it percolatesugh.

3. Project Objectives

Why then, with all of the benefits that green ropfevide, aren’t they more common? There is an dhnece of
information on green roofs, but often the inforroatis not practical and applicable to general muithe
information is often in another language or notresped in terms that the general public would wstded.
Initially, Schlitz Audubon was interested in makiag interactive model of the watershed to edudstetiblic. The
Research Experience for Undergraduates prograhe afliwaukee School of Engineering further carroed this
idea. | choose the rainwater run-off aspect of veiteds to do further research on. The goal ofrsearch is to
investigate the concepts of green roofs and deveatogffective model that can educate the genetdigqon the
positive impact green roof systems can have omMihgaukee River Watershed. In order to accomplisk goal an
extensive research of green roof systems was done.

3.1 model concepts

It's commonly said that if a picture is worth a tisand words, then a model is worth a thousandnestWWhat
better reason than to use a model to educate tiexaeublic on green roof systems? The model qairfoe this
project was to produce a working model that wolldve how rainfall is shed off of a regular roof, abised by the
green roof and travels through the sewer systema.mddel would compare a green roof to a standararnd
demonstrate the green roofs abilities to reducewaiter run-off quantity and rate and filter the+aff. The model
would consist of a cross section of a house thathiadf of the roof with characteristics of a stamtaofing system
and the other half a green roof system. Rain wthéd be simulated on top of the house. The greefside would
be able to collect a percentage of the rainfaditow how the plants and soils would absorb andvader. The
excess rainfall, and the water shed from the regolaf would each travel to a sewer system undehntse house.
There the different levels of water in the sewenldashow the reduced rainwater run-off from theegreoof. The
model would be 2D, like an ant farm display.

The second aspect of green roofs contained in taehis the ability to filter certain contaminaiotst of
the water. A color change is used to represeriiltration. A pH indicator is used to produce tt@or change.
Phenolphthalein was the chosen indicator for trosl@h though other indicators could be used depegnain the
medium used to produce the pH changes. Phenolgimhialcolorless when acidic and red when basepth range
is 8.2 to 9.8%? The indicator is added to the water in the resemwith the pump. A small amount of ammonia is
added to the water to change the indicator to l @itor. The more indicator added, the strongerctiler pink
becomes. In the green roof side of the model ahmeidium is placed, like lemon slices. The watat falls on the



green roof side becomes more acid and the indicatmnges from pink to clear. Therefore, the waxiting the
green roof side would be clear, representing t®gdtion of contaminants.

The green roof side of the model had a reservairwould hold a certain amount of water to repretien
soil and plant absorption. Once the reservoir Wkeslfthe rainwater would begin to run off the r@ofd proceed to
the sewer system. The full reservoir representsadiiesaturation, the point where the soil can haldnore water
and begins to shed water.

To produce the rain like effect for the model, sedt small tubes with pinch valves were inserteal timé
top of the model. Then with the use of small plumgbiees, the tubes were reduced to one that cathera garden
pump, 60 gallons per hour. When turned on the gapdenp would fill all of the tubes and created essure
behind the clamps, forcing water to drip out of thiges “making rain”.

The model was designed in AutoCAD. A laser cuttaswsed to cut the pieces out of 1/8-inch acrylit a
styrene. The acrylic was annealed after being rdittben the model was assembled. The finished ptadun be
seen in Figure 5a and b.

s R : . b)
Figure 5a) Front of Model b) Back of Model

The rapid prototyping machines were not used toenthis model due to the current resins. Since the
model would be in constant contact with water iswaportant for the model to be water tight andervag¢sistant.
The current resins and materials used by the yaoitbtyping would deform and warp when exposed atew
making them unfavorable for this model application.

4. Reaults:

In conclusion, green roofs provide many benefitstie environment. Green roofs can help alleviataes of the
watershed issues by reducing rainwater run-offratel quantities and filtering some contaminantbthe
rainwater run-off. Making the general public awaféow their actions can ripple though the ecosysaad
educating them about their watershed can help makenvironment a better place.

Furthermore, Models are an excellent way to edutta public and can demonstrate ideas and concepts
better than pictures and words often can. The mdldeligh a prototype, ran as expected and demoedtize
desired benefits of green roof systems. Creatisgpded environment was a difficult task but the etadas mostly
leak proof. The simulation of rain was a great agglishment, which delivered a wonderful effect fioe model.
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