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Historical Hydrology Patterns

Inﬂltrl:tion
Water|Table
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Historically, aquatic ecosystems
throughout North America were
predominantly formed and sustained by
stable groundwater hydrology where
they originated and were sustained by
constant flow from seeps and springs.



Increased Runoff & Erosion

Accumulated Discharge,
Sedimentation, & Flooding



WHY MANAGE STORMWATER?

PUBLICHEALTH (CSQO’S) SOIL CONSERVATION

FLOODING / BASEMENT BACKUPS




SOURCES OF POLLUTION

Greater Milwaukee

WWTP
506 Watersheds Fecal
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Urban-Non- 2% Coliform Loadings
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Runoff WWTP  SSO's
23% 204 204
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/ 49% Agricultural
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1975

Estimated Pollutant Reduction over 25-Year Period About 50 Percent

2000

CONCLUSION: FOCUS ON ABATING STORMWATER RUNOFF POLLUTION



VEGETATED GREEN INFRASTRUCTURE

HABITAT
NUTRIENT REMOVAL
EVAPOTRANSPIRATION

INFILTRATION AND AQUIFER
RECHARGE



ROLE OF HERBACEOUS PLANTS

e SOIL HEALTH .

DISPERSED ROOT SYSTEMS

EROSION CONTROL
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VEGETATED GREEN INFRASTRUCTURE

RAIN GARDENS GREEN ROOFS

NATURALIZED PLANTINGS BIORETENTION
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Habitat Considerations

- Flood Duration

- Soil Moisture (complete saturation to wilting point)
- Temperature

- pH

- Nutrients

- Sun exposure

- Weed competition [ Beneficial associations

- Soil Health



Flood Duration

- Flooded soils have limited oxygen
- Impeded respiration leads to a build up of carbon dixide, methane, and nitrogen gasses
- Toxic compounds such as ethanol and hydrogen sulphide build up



Soil Moisture
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Soil Moisture
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Temperature

Soil bacteria die

100% moisture is lost through evaporation or transpiration

Some bacteria species start dying

15% moisture used for growth, 85% moisture lost through
evaporation and transpiration

Plant growth slows

100% moisture is used for plant growth

Source: NRCS
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plants i

_neutran—

acid alkaline

- Most cultivated plants prefera pH of 6.2 to 7.0
- Many native lllinois plant communities prefer more
alkaline conditions

Source: Mississippi State University



- Major Nutrients
- Nitrogen (N)
- Phosphorus (P)
- Potassium (K)
- Trace Elements
- lron
- Manganese
- ZInc
-  Copper
- Boron
- Molybdenum



Nutrients
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NUTRIENTS ARE NOT PLANT FOOD




Sun Exposure
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prairie savanna woodland forest

FULL SUN PART SUN FULL SHADE
6 or more hours 4-6 hours of Less than 4 hours
of direct sunlight direct sunlight of direct sunlight

(Source: "The Tallgrass Restoration Handbook,” 1994)



Weed Competition

REED CANARY GRASS COMMON REED
Phalaris arundinacea Phragmites australis
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BUCKTHORN BULL THISTLE

Rhamnus spp. Cirsium vulgare




Beneficial Associations

- Grasses —Soil builders and thermal regulators

- Mycorrhizal Fungi — often symbiotic relationship —
assist plants with obtaining water, phosphorus and
other micronutrients

- Rhizobacteria - release plant growth compounds

- Animal associates — forage and pollination



Soil Health - Rhizosphere




VEGETATED GREEN INFRASTRUCTURE - SUCCESSES

RAIN GARDENS GREEN ROOFS

NATURALIZED PLANTINGS BIORETENTION




VEGETATED GREEN INFRASTRUCTURE - FAILS

RAIN GARDENS

NATURALIZED PLANTINGS BIORETENTION
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Cultural Practices

Owners have expectations with Vegetation:

"“It's a strange phenomon: People pay so little
attention to the appearance of concrete or asphalt,
but when these impervious surfaces are removed and
plants are installed, everyone has an opinion as to how
they should look and be managed” -T. Liptan

(Source: “Sustainable Stormwater Management,” 2017)



Cultural Practices

". .. naturalistic landscapes require the least oversight
and upkeep of any vegetative system because informal

planting designs allow for variation in arrangement” -
T. Liptan

(Source: “Sustainable Stormwater Management,” 2017)



Planting Approaches

NATURALIZED DRIFT FORMAL/BLOCK

LOW INSTALL COST
HIGH HABITAT VALUE
3-5 YR ESTABLISHMENT

HIGH INSTALL COST
MED. HABITAT VALUE

MED. INSTALL COST
LOW HABITAT VALUE
EASIER MAINTENANCE §

KRESGE FOUNDATION HQ LURIE GARDEN JOHNSON CONTROLS HQ



Planting Approaches
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LOW INSTALL COST
HIGH HABITAT VALUE Lo
3-5 YR ESTABLISHMENT §

-
7ial

KRESGE FOUNDATION HQ

PROS

High habitat value, soil health
Long-term maintenance savings
Lower inputs of water, fertilizer
Resistant to pests/diseases
Sustainable, Self-renewing

CONS

Works better with larger, contiguous
plantings

Higher, specialized establishment cost in
year 1 through 5

Weed competition

Aesthetic is not for everyone




Planting Approaches

PROS

CONS

FORMAL/BLOCK

Beauty

Stable, consistent maintenance cost
Easier to weed

Easier to maintain in smaller, fragmented
spaces

Immediate establishment

Lower habitat value
Larger, long-term maintenance cost
More inputs of water and fertilizer

Less resistant to pests/diseases e T 8

Must be replaced every 8 to 15 years EASIER MAINTENANCE §

JOHNSON CONTROLS HQ



Cultural and Ecological Conditions

Green Infrastructure Conditions

Planting Approach (cultural expectations)
Site Context

Soil Depth

Flood Duration

Soil Moisture

Soil Temperature

pH

Nutrients

Sun exposure

Weed competition / Beneficial associations
Soil Health




Plant Selection
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- Several thousand more
cultivated plants available
from nurseries
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{z Green Infrastructure Sizing Calculator SA |
, MMSD Milwaukee Metropolitan Sewerage District STR;\_JD

PARTHERS FOR A CLEANER ENVIRONMENT

LS COAST=

Green infrastructure sizing calculator is specific to MMSD service area, results are not for final design, and not all MMSD green
infrastructure strategies are included in the calculator, Refer to MMSD Chapter 13 Rules and Regulations for additional
information.

Note: Please provide req d profect infe fon in blue boxes.
1.00 Drainage Area {acres) 290 Available Project Area Length {feet)
1.00 Impervious Drainage Area {acres) 15 ‘Available Project Area Width {feet)
C Land Use (C = Commercial, | =Industrial, 19 :1 Length to Width Ratia

R = Residential) 4,350  Avallable Project Area {ft’)

Project Specific Questions

es |

-

Is the project area for the green infrastructure strategy within the right-of-way?

Are the topographic slopes adjacent to the green infrastructure strategy greater than 12%?

Is the depth to bedrock less than 6 feet?

Is the depth to groundwater less than 6 feet?

Is the project area within 10 feet hori; Ily of building foundations?

Is the project area within 10 feet laterally from underground sanitary sewer infrastructure or other utilities?

CIECI Tl R T
U U

Note: After providing r d project infor ion, green infrastructure strategies which are not recommended based on
characteristics for the specific profect will not be selectable. Please select an appropriate green infrastructure strategy to begin
design and develop costs and quantities,

Green Infrastructure Strategies

- . —
vk

Bioswale / Bioretention Porous Pavement

{max imp. DA = 0.086 ac, max footprint = 300 sf}
Note: if none of the green infrastructure strategies dispiayed above can be selected based on the specific site-suitability
parameters, other green infrastructure strategies may be viable and should be considered, including st trees, native
landscaping, and soil di ts. See below for links to typical details and specifications.

Calculator)

Stormwater Tree Native Landscapin Soil Amendments

Stormwater Runoff Capture Goal

Stor Runoff G ted from Impervious Surfaces During a 0.5-Inch Rainfall Event 13,600 gallons




MMSD Plant Selection Spreadsheet Flowch
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Inclusion Criteria

- Hardy in Milwaukee Climate

- Generally long-lived

- Suitable for Large-scale Landscape Applications
- Not known to be invasive

- Not overly aggressive, especially if not native

- Commercially available



Planting Groupings

Deciduous
Trees

Conifer Trees

Ornamental
Trees

Deciduous
Shrubs

Evergreen Grasses,

Shrubs \ Sedges,
Rushes

Broadleaf Bulbs

Evergreens

Vines Ferns

Flowering

Perennials



Z F Green Infrastructure Plant Selection Spreadsheet
£ MMSD CosasT Milwaukee Metropolitan Sewerage District T ——
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Introductio

Disclaimer
I, This tosl Is intended to be 2 starting pelnt for the successtul use of plants in green It s the of the lecal ipality or
designer to understand the conditions specific to thelr site and for planting, Itis that planting plans be developed andlor

reviewed by 3 licensed landscape architect, landscape designer, or qualified tradesperson.

1. Application

i The Miwaukee Metrop olitan Sewerage District [District) has created this tool to help project partners and Interssted residents with the selection of plants for
areen Infrastructurs applications.

Il Green infrastructure is one piece of the multi<ierad approach to meeting the District's 2035 Vision for zero hasem ent backups, zer overfiows, and improved water
quallty, Widespread gresn Infrastructure plays an Important part In achieving the Vision by capturing This allows to soak
into the ground or be abs orbed by plants, and prevents it from entering sewers and contributing to sewar ovarflows and basem ent backups.

i, The District recognizes the important role that plants play in this . but also that the conditions the plants must survive in can be
challenging. This tool allows users to select those conditions and narrow down a master list of plants to reveal the ones most suited to their particular site.

2. Steps to Complete
| Orange buttons will move you to the next step.

il Next, fill in inform ation sboutyour project vith theyellow buttons to create a customized plant list

i, Green buttons will provide supplemental information.

Step One Choose Planting Style

1. Ornamental or Naturalized

|, Thefirst choice this tool requires you to make. is to select the type of planting approach that will be used. The two choices offered are. omam ental or naturalized.

i An ornamental landscape is one that most people are familiar with. It has been the typical planting approach in the U.S. for the 133t half century. Omamental
Iandscapas rely on the usa of piants whosa traits are carefully selected by growaers to be durable, long.lived, 3nd produce bold laaves or flowsr displays. Thasa
plants are typically not native to one specific region having been originally imported from all over the world. Because each selection of plant tends to possess

identical ganes, th can be unproductiva with plants p g faw. if any, offspring. The arrangemant of ornamental plantings usually uses plants
in blocks or The simple of targe masses of Indivdual plants Is what many people think of when they imagine a garden,

1] pes are to galn The approach utilizes lecal native plants In amangen ents that attemptto mimic 3 common
reglenal plant ke a prairle, of these plants |s more dense and diverse than Ih an pleal d

3pproach, the naturalized landscapais designed to salf-replicate through natural repreduction.

Choose Planting Style




Choose Planting Style

Naturalized

=~ S e : - W
@rnamental Pros/Cons Naturalized Pros/Cons

Cost Considerations East Consiterations
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Step Two Select Site Conditions {Ornamental)

1. Application
i This page will allow you to enter the your site that vill the plant material to choose from. You can customize your settings by going
directly to #3 and choosing from a range of conditions, or you can select a series of default for typical green practices under #2, Once you are

happy with your selections, hit the “Submit Data and Create Plant List" button under #4.

li.  For more Infarmation on standard green visit com

2. Default Selection for Green Infrastructure

(7) Bio-Swiale U Standard Detai
(7) Rain Garden (]

(?) Extensive Green Roof D ‘Standard Betal
(?) Semi-Intensive Green Roof D Standard Dotai i
3. Custom Selection for Green Infrastructure (?)
He Bo Qe
(7) Sun Exposure FULL SUN PART SUN FULL SHADE
[:] e C] K] [ ] (] [ ] ] [ J (K
(7) Soll Moisture DRY MESIC WET EMERGENT EMERGENT
TYPEA1 TYPE 2
O« O« Qo
(7) Salt Exposure LOwW MEDLM HIZH
O Do Qo
(7) Flood Duration SHORT MEDIM LONG
Ik} D 2 D (]
(7) Sail pH MILDLY NEUTRAL MLDLY
Aclbe ALKALINE
& ) 2 D )
(7) Planting Soil Depth 3ITTOS" 6°TO 17" 18" TO 29" =30
Clear Selection [J selectAll [

SUBMIT




2. Default Selection for Green Infrastructure

(?) Bio-Swale D

Standard Detail,

(2) Rain Garden D Standard Detaill
(?) Extensive Green Roof D Standard Detail
(?) Semi-Intensive Green Roof D Standard Detail
3. Custom Selection for Green Infrastructure (?)
?) ?) D ?)
(?) Sun Exposure FULL SUN PART SUN FULL SHADE
D Q- Q-
(?) Soil Moisture DRY MESIC WET
D @) (2) D ]
(?) Salt Exposure LOW MEDIUM HIGH
D (?) (?) D ?
(?) Flood Duration SHORT MEDIUM LONG
D ) (?) D )
{?) Soil pH MILDLY NEUTRAL MILDLY
ACIDIC ALKALINE
D (?) (?) D ?
(?) Planting Soil Depth TR 6" TO17" 18" TO 29"

Clear Selection D

selectAll [)

(?)

EMERGENT
TYPEM

D (?)

230"

(?)

EMERGENT
TPE2

4. SUBMIT DATA AND CREATE PLANT LIST




Green Infrastructure Plant Selection Spreadsheet
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EP THREE YOUR CUSTOMIZED ORNAMENTAL PLANT LIS

* Migwest is defined as the states of Minnesota, Wiscansin, lowa, Missowri, lllineis, Indiana, Michigan, and Chio.
** Sea groen vendor's list for plant sugpliers.

Recommendad Street Trea

High performance plants

Symbol  |Scientfic Name Cernmon Name Spacng  |Comments _ﬁ;gg, %:S;LH CEER RA22
Deciduous Trees
[ACSA  [Acer saccharum [Sugar Maple NA Toleralos heavy shade. greal fa color, likes uncompacled undersiery X X
IAC G Acer saccharum 'Green Mountain® Green Mountain Sugar Maple NA& A sugar magle variely more tolerant of urban conditicns X X
IAC AR | Scec x freamanii 'Armstrong’ |A:msirong Fastigate Red Maple NA Narrow Yaple {15"WxE0'T) for wetier soils. hardy bubrid batv:een rubnyl X X
IAC FR | Scer ¥ reemani 'Jellersed’ AUTUMN BLAZE Autunin Blaze Maple NA Maple for weller soils. hardy hybrid betveen rubrurm and saccharinum, X X
IAC RU Acer rubrum ‘Franksred' RED SUNSET Red Sunsel Red Maple NA The best red magle cullivar with ouistanding red fall coler, X X
BE NI Baobuda nigra 'Cully' HERITAGE Heritage River Birch NA Multi-stem for preferrad, salmon-cream axidiating bark, orefers moist X X X
CEOC  |Celtlis occidentalis Fraire Pride’ Fraifie Pride Hacbemy NA Tolerates urban cencitons, dimpied bark, X X
0S VI [Osirya virginiara Hep-hombeam NA Zpring dig only, amall free for urban conditons X X X
PC TR Fopulus lremuioides Quaking Aspen A Multi-stem form preferied, Short-ived. but will sucker dones. Tull sun w) X X
PR SE Frunus serotina Biack Cheny NA 1as 1ap root - transplant yeung X X
QU AL [Quercus alba VWhite Oak NA Spring dig only, beautful oak - state frea of Ninais, Can ba difficult to ird X X
QU Bl [Quercus vicolor [Swamp Vihite Oak NA Spring dig only. loierales wel scils. can be difficult to transplant X X
QU MA [Quercus macrccampa [Bur Qak NA Spring dig only. Can be difficult to transolant larger olant. very largai: X X
QU RU [Quercus rubra Red Oak NA Spring dig only, ransplanls sasier than mos| ouks X X
TIAM Tili2 armercana "Resmond’ fmerican Bassweod NA Fyramidal variety, X X
LAY Ulmus americana x 'Princelon’ & "Wallay Forga' [Hytorid Amarican Elm NA Excallert resistance fo dutch elm diseass and elm leaf beatla. but susd X X
Conifer Trees
ME GL Metaseguoia glyplostobeides [Dawn Redwood N& Needs meist {0 veet scils ceciduous confer. very large tres X
TA DI Taxcdium Cernmon Bald eypress NA Prefers moidt, acidic sandy scil X X
TE ON Thuja ccadantalis 'Nigra' Nigra Arborvilae NA Conical form , {5%x25h). good dark green color year-rourd X X
TH CC Thuja ceddentalis Techny Arborvitae NA Intolerznt of dry conditions, avold expesed sites, 18'wx12'h;) X X
Ornamental Trees
AN LA |Armelanchier laevis [~ egheny Serviceberry INA Mulli-stemn fermn preferred. Tolerant of vide range ¢f soils, edible fruit X X
Declduous Shrubs
CPOC [Cepnalarthus occidentalis 2uttcroush 6'Q.C. |Itarestng ball-shaped flowears, tolarant of vat sails. X X
CO SE [Comus sericea 'Flavimmea' Flaviramea Radosier Logv:ood 5'0.C. Eright yalloa stems in winter, shorlish at &' tall X X X
CO IS [Cornus sericea 'lsant stant Redosier Dogwocs 5'O.C. Bright red slems inwinter, more compac! than species Lo £ tall, X X X
CO AWM [Corylus americana [Amarican filbed 6'0.C ery larga shrub to 15' tall. edible nuis, will spread X X
HY FR Hypericumn froncosum 'Sunburst [Sunburst Gelden S Jonnsyeort 3'0.C. Larger Aowers on analler 12 all) plant than species. shavey yellow flow| X
ILVE llex vericillata [Common Wirtebemy 5'0.C. Showy red barmmies in winter. {olaraias wet soil X X
1T WL ttea virginica 'Litlle Henry' _itile Hanry Sweetspire 3'0.C. Compact form {3-4' fall i with red-purpla fall cclor, X
1T VH llea virginica "Henry's Gamel!' Henry's Gamet Sweelspire 4'0.C. Long Nowers up to 5", biilliant reddish ourple fll color, grows Lo §' high X
PH QP Fhyzocarpus opulifolius 'Diablo’ Diablo Purpleleaf Nnebark 6'0.C. Purple leaved ninetark for contrast, drought clerant. fough shrub X X
PO FR Fotentilla fruticosa | Dasiphora frticosai Snrubby Cinguefoil 30" O.C "Versatile, leng-blooming shrub X X X X
PO MT Fotantilla futcosa 'Uman’ MANCO TANGO (D fruticogMange Tango Patentilla 36" 0.C Crangy-vellos flover X X X X
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Green Infrastructure Plant Selection Spreadsheet

Milwaukee Metropolitan Sewerage District

Plant Arrangement

BIOSWALE - ADVANCED
§'x 12' PLOT (108 5.F.) » 39-46 PLANTS « 15" TO 18" SPACING

FULL SUN

SOIL MOISTURE

Remarks: The plants in this mix offer a variety of leaf structure and flower displays throughout the year.
Cape Breeze Switchgrass provides the backbaone to the display with an upright and compact formn. The
Sideoats Grama is distinct for its arrangement of oak-like seed spikes which hang from one side of the

stem. The three flowering perennials in the mix will ensure that something is always in hloom from May
through August.

QTY PERENNIALS

7

6

GRASSES

<
o
&

PENSTEMON DIGITALIS 'HUSKER'S RED’
FOXGLOVE BEARDTONGUE = {15% OF MIX)

NEPETAX FAASSENH JUNIOR WALKER'
WALKER'S LOW CATMINT = (20% OF MIX)

HELIQPSIS HEUANT HOIDES ‘PRAIRIE SUNSET’
FALSE SUNFLOWER = (13% OF MIX)

BOUTELOUA CURTIPENDULA
SIDEOATS GRAMA = {35% OF MIX)

PANICUM VIRGATUM 'CAPE BREEZE’
CAPE BREEZE SWITCHGRASS = (17% OF MIX)




GREEN INFRASTRUCTURE PLANTING PLANS

www.freshcoastguardians.com
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