Going Green for Good: Long-Term
Considerations for Operations and
Maintenance of Green Infrastructure

Green Infrastructure Webcast Series
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Housekeeping

* This presentation is being recorded and will be made available via
https://www.epa.gov/green-infrastructure/green-infrastructure-
webcast-series

 All participants are muted to minimize background noise.

* Technical issues or questions?
e Contact us via the Q&A Box.



https://www.epa.gov/green-infrastructure/green-infrastructure-webcast-series

What is Green Infrastructure?

e Uses soils, vegetation, and other media to

“the range of measures that

manage rainwater where it falls T [l @7 5 SRS,

permeable pavement or other
permeable surfaces or

* Treats stormwater before it could become a
source of pollution substrates, stormwater harvest

] ] ] o or reuse, or landscaping to
* Provides multiple benefits for communities e Hilsie, o
evapotranspirate stormwater
and reduce flows to sewer
systems or to surface waters.”

33 U.S.C. 1362(27)

Visit EPA’s Green Infrastructure Website:
https://www.epa.gov/green-infrastructure/what-
green-infrastructure



https://www.congress.gov/115/plaws/publ436/PLAW-115publ436.pdf
https://www.epa.gov/green-infrastructure/what-green-infrastructure

Green Infrastructure

Operations and Maintenance




2022 Upcoming Green Infrastructure
Webcasts

Research and Tools:

= May 18th: Ecosystem Benefits and Applications of Green Infrastructure
= https://www.epa.gov/water-research/water-research-webinar-series

= June 2" : Visualizing Ecosystem Land Management Assets (VELMA)

= https://www.epa.gov/research-states/epa-tools-and-resources-training-
webinar-series

Operations and Maintenance:
 Summer 2022: Green Infrastructure Asset Management
* Fall 2022: Green Infrastructure Jobs

e Recordings available online: https://www.epa.gov/green-
infrastructure/green-infrastructure-webcast-series

Stay in touch: GreenStream List Serve
join-greenstream@lists.epa.gov



https://www.epa.gov/water-research/water-research-webinar-series
https://www.epa.gov/research-states/epa-tools-and-resources-training-webinar-series
https://www.epa.gov/green-infrastructure/green-infrastructure-webcast-series
mailto:join-greenstream@lists.epa.gov

Today’s Speakers

Dr. James Houle, Director of the University of New
Hampshire Stormwater Center

Leslie Schehl, Stormwater Control Measures Maintenance

Program Manager Metropolitan Sewer District of Greater
Cincinnatsi

Peter Schultze-Allen, Senior Scientist at EOA, Inc.
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Outstanding Civil Engineering
Achievement Award, 2010,
American Society of Civil
Engineers, NH Section
Complete reconstruction of
utilities, including
wastewater/stormwater
separation and stormwater
treatment, with construction of
pedestrian- and business-
friendly streetscape.



Side by side outfall investigation

Monitoring
point 2

Monitoring
point 1




Outfall Comparison

 Location 1 = Gl Location 2 = Conventional






Outfall Comparison

 Location 1 = Gl Location 2 = Conventional



s this predictable?

* Maintenance staff
was not involved in
the design,

e Little
communication

* No co-development
of solutions...









Maintenance December 2021












Stormwater Names
Can Be Challenging

*Because we don’t always speak
the same language
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Anatomy of a BMP

e System sizing — guided by local regulations, varies with
respect to new development, re-development or
retrofit.

* Inlet: Hydraulic contingencies, local code and
maintenance preferences.

* Pretreatment: Maintenance contingencies, local code

* Outlet: Hydraulic contingencies, local code and
maintenance preferences.

* Media and vegetation: Maintenance and aesthetic
contingencies, local code
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https://nacto.org/publication/urban-street-stormwater-guide/stormwater-
elements/bioretention-design-considerations/soil-media-plantings/


https://nacto.org/publication/urban-street-stormwater-guide/stormwater




The Site Today



The tale of two raingardens ...












CHECKLIST-FOR-INSPECTION-OF-BIORETENTION-SYSTEM-/-TREE-FILTERSH
OGOz =+ #ervereessammsessrssmnssassssmssssansssssnsannssssasanassenesassssnnnssssasemnnssenasd 1
[NSPECEOTzs+ reesseesssemsssenssnesss et q
DAE: weereeersersersnssesnnmranssesnnnsanansd i
Time:-q
Site-Conditions:q|
Days-Since-Last-Rain-Event:=
Visual‘IndicatorsH Satisfactory-(S)-or- Comments/Corrective-ActionH
Unsatisfactory-{U)x
1.-Vegetation = H H
Plants-are-stable,-no-evidence-of-erosiont | wrenGunnnnnnsaninnn] J e
2.-Appearance-(1-time/year-minimum,-Spring/Fall}H H
Evidence-of-trach-or-debrist | B R -
3.:Inlet-and-Outlet-Condition-(1-time/year-and/or-after-large-storm-events)H H
No-obstructions, no-standing-water-after-24-48- B e L -1 1
hours-since-rainfallu
4.-Other-IssuesH H
Mote-any-additional-issues-not-previously-covered.-ff =Sl Jumff
Inspector-Signatured DateH
u H

Etormwater BMP Inspection Checklist

Visual Indicators
Pass  Fail

O O Inlet/Qutlet conditions: Can water enter and exit the system?

System Operability: Does the system appear to be operating as designed?

O O Inorganic/Organic Material Build-up: Ts there Noticeable build-up of debris, sediment,
trash, vegetation etc.?

O O System Integrity: Do system slopes look stable, 1s there notable damage 1n the system?

* https://www.unh.edu/unhsc/maintenance


https://www.unh.edu/unhsc/maintenance

Maintenance Complexity is defined as:

Minimal Simple

Stormwater Professional
or Consultantis seldom
needed

Stormwater Professional or
Consultant is occasionally
needed

Moderate Complicated

Stormwater Professional or
Consultant is needed half
the time

Stormwater Professional or
Consultant is always
needed

Erickson, et al, 2010

29




Reactive

Episodic maintenance,
cheap in short term,
expensive in the long
term

+ Periodic/Predictive

Science basis,
schedulable activities,
more cost effective

Proactive

Cost effective,
preventative operations

Adapted from Reese, A.J., Presler, 30
H.H., 2005






Economics of Installation vs Maintenance
Costs, normalized by area

Vegetated Sand Gravel : : Porous
P Wet P Dry P . Bioretent
arameter Svale et Pond ry Pond Filer  Wetland loretention Asphalt
Capital Cost ($) 12,000 13,500 13,500 12,500 22,500 21,550 21,800
Inflated 2012
. 14,600 16,500 16,500 15,200 27,400 25,600 26,600
Capital Cost
Mamtenance and
Capital Cost 17.8 54 6.9 54 12.8 13.5 24.6
Comparison
Personnel (hr/yr) 9.5 28.0 24.0 28.5 21.7 20.7 6.0
Personnel ($/yr) 823 3,060 2,380 2,808 2,138 1,890 380
Subcontractor 0 0 0 0 0 200
Cost ($/yr)
Totl Operational g5 3,060 2380 2,808 2,138 1,890 1,080
Cost ($/yr)
Operation/Capital
6% 19% 14% 18% 8% 8% 4%

Cost (%)




Additional Resources

EPA Region 1 has developed a cost estimation tool that calculates
hmaintenance hours for typical BMPs the method is documented

ere:
https://https://www.unh.edu/unhsc/sites/default/files/media/epa-
cost-memo O.pdf

This is also included in the performance stormwater calculator:
https://www.unh.edu/unhsc/ms4-resources

International Stormwater BMP Database is continuing to develop
resources for implementers and has expanded the database to track
BMP costs: https://bmpdatabase.org/urban-bmp-cost

NCSU BAE is finalizing a cost calculator for BMP maintenance, when
available the tool will be located here:
https://stormwater.bae.ncsu.edu/resources/



https://stormwater.bae.ncsu.edu/resources
https://bmpdatabase.org/urban-bmp-cost
https://www.unh.edu/unhsc/ms4-resources
https://https://www.unh.edu/unhsc/sites/default/files/media/epa

Questions



Going Green for Good:

Long Term Considerations for the
Operations and Maintenance of
Green Infrastructure
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Agenda

* Background

* Green Infrastructure Program

* SCM Inspection Program Evolution

« SCM Maintenance Program Evolution

 Lessons Learned



It's All About Clean
Water

MSD collects, treats, and manages
wastewater from Greater Cincinnati
communities, protecting the
environment and public health by
returning clean water to local rivers
and streams.




MSD At A Glance

. Great Miami

Mill Creek “

Little Miami




MSD At A Glance

MSD treats 190 million MSD has 9 treatment
gallons of wastewater a day plants and other assets

MSD serves >225,000
residential, commercial

MSD maintains more than i
I‘ and industrial customers

3,000 miles of sewer pipe



Wet Weather Program

« MSD is under a federal mandate to reduce combined
sewer overflows into local rivers and streams.

0 ~800 communities across the U.S. are also under
consent decrees for “CSOs”

14




Status of Our Weather Program

« Completed 15t phase in 2020; entire program will take
many decades to complete

* To date, eliminated 6 billion gallons of sewer
overflows a year (from 14 billion to 8 billion)

e Invested more than $1 billion in infrastructure
Improvements

* Evaluating and implementing green infrastructure as
one of the solutions to reduce overflows and
improve water quality in local creeks and rivers.




Green Infrastructure Program




Enabled Impact Program

« About 50 million gallons per year of stormwater removed from
the combined system from 30+ Green Demonstration projects.

290,000 square feet of bioinfiltration practices;
168,000 square feet of vegetative (green) roofs;
155,000 square feet of porous/pervious paving;
125,000 gallons of rainwater storage for reuse;

2,040 linear feet of storm sewer separation; and
5 large capacity stormwater dry wells.







Focus on Lower Mill Creek
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SCM Inspection and Maintenance Program Goals

Goals for sites... Programmatic Goals ...

* Function « Data to flow seamlessly from
. Safe Inspection to maintenance
 Aesthetically acceptable * Inspection and maintenance

to be data driven
« Eliminate all paper forms

« Skilled labor at all levels

Lick Run Greenway



Inspection Program




Inspection Program

You’ve probably heard this before....

Inspection is the key to keeping SCM'’s functioning at peak performance.

What MSDGC WAS doing:

* Inspect each asset monthly
 Borrowed internal labor
« Used paper forms and separate photos

* Information manually transferred to CMMS

Rapid Run Park




Performance Indicators

Visual aspects of Gl that provide information on the health and function
of that asset

Vegetated systems
» Structure clogging
« Standing water
* Plant viability
* Erosion
* Sediment
* Trash
 Infestation

Non-vegetated systems
» Structure clogging
« Structure failure




Inspection Program

What MSDGC IS doing:

* Inspect each asset monthly
« Use own internal labor
« Utilize CMMS for scheduling

* Use an app that pushes info directly to network

and a monthly workorder

Harrison Street Planter




Tracking Data

DOMAIN INBOX New Work Order « New Inspection « Project Manager New Contract « Reports Charts/KPI's « Asse

Inspection

fWorkorder ‘ A | @Prinl Preview | =l Save | Close | '|ﬁ|' Delete ‘ L | E |

Yearly WO created in -
Work i -
t h e C M M S Description:  SCHM Inspection ~ \WO Address: | R1 - STATE TO HARRISON

Number: 322000 A Quadrants’  Central Southwest ~

Initiated By: ECKHOFF, MARISA D Date: 03/12r2021 10:05 AM ﬂ Location Details:

Entity Type: BIOINFILTRATION BASIN

BICINFILTRATION_SYSTEMS 1097 STATE TO HARRISON

Cancelled By Date Gancellsd m
BICINFILTRATION_SYSTEMS 1006 STATE TQ HARRISON s

inspections in FF — .
Cancel Comments - Pink rows indicate inventory still under warranty.
o W ow B M

Update VWork Order XY when adding/removing assels?

Is Reactive? [_| Reason for Work v
X Locatien 1,388,072.511 ¥ Location: 416.481.760
Calegory Planned N
. Requested By ECKHOFF. MARISAD Work Group  MSD SCM ~ Total Entities: 15
WO I n fo Se nt to F F Request Agency WWG - [0 Asset AssetlD  Location Warranty Date
. Stafus: Supervisor Review v Priority:  Routine ~ | [] BIOINFILTRATION_SYSTEMS 1098 STATE TO HARRISON -
I n S p e Ct I O n a p p SubmifTe SCHEHL, LESLIE - Date SubmifTo 03/12/2021 10:05 AM ﬂ [J BICINFILTRATION_SYSTEMS 1008 STATE TO HARRISON
Completed By ECKHOFF MARISAD W [ BIQINFILTRATION_SYSTEMS 1001 STATE TO HARRISON
Projected Start 02112021 07-004M [ Projecied Finish 12312021 0900 pra i | [ BICINFITRATION SVSTEMS 1007 STATE TO HARRISON
Actual Slart 021252021 01:46 PM [ Actual Finish  12/1012021 10:47 aM [ [ BIOINFILTRATICN BASIN 2233081
Originating WG Orig WO# Desc () BIOINFILTRATION_SYSTEMS 1084 STATE TO HARRISON
Structural Risk T T [C)  BIOINFILTRATION_SYSTEMS 1004 STATE TO HARRISON
HOLD For wo# [J  EBICINFILTRATION_SYSTEMS 1093 STATE TO HARRISOM
T - Work Length a [ EBICINFILTRATION_SYSTEMS 1085 STATE TO HARRISON
I n te r n a I St aff CO m p I ete [ BICINFILTRATION_SYSTEMS 1086 STATE TO HARRISON
Gancel [
(]
]
4

Comments: [ 1 Comment S ¥

Report sent back
CMMS WO

WO closed out for the

year




Maintenance Program




Maintenance Program

How MSDGC is getting it done:

* Frequency/tasks are outlined in maintenance
manual; re-evaluated yearly

« MOST labor is contracted (seasonal, on demand)
» Create the schedule
» Assigned sites
» Use maintenance app in the field
* Manually enter labor and materials
* Tracked in CMMS
> Routine v. Non-routine $$$

» Hot spots

Lick Run Greenway Headwaters




Maintenance Program

Maintenance Program for Gl used existing MSDGC Collection Division
processes/procedures for work order creation/tracking.

But...

It’s still different!

 Tasks
« GIS Depiction

* Tools

 Materials




Work Orders Tracking Data

. Work Order A Location Information -
M O th |y WO Created I n C M IVI S Descripion:  SCM Maintenance v WO Address: | R1 - STATE TO HARRISON GI
Humber: 479553 v Quadranis: Cenfral Southwest v
Initiated By: ECKHOFF, MARISAD Date: 01/25/2022 07:35 AM E Location Details:
Entity Type: BIOINFILTRATION BASIN
Is Reactive? ] Reason for Work
X Lacalion 1,388,022.044 ¥ Lacation: 416,454.857
Category Planned
Account: ‘Watershed Operatior |7
Requested By  ECKHOFF MARISAD Work Group MSD SCM, - T EE
WO 2 f t t F F WO Request Agency WwG v [ Asset AssetlD  Location Warranty Date
INTO sen o a p p Slalus: Scheduled - Priority. Routing w || [] EBIOINFILTRATION_SYSTEMS 1005 STATE TO HARRISON =
SubmitTe  SCHEHL, LESLIE 3 Date SubmifTo  03/1/2022 0648 AM E [ BIOINFILTRATION_SYSTEMS 1002 STATE TO HARRISON
Completed By FOREVERGREEN GOl v [0 BICINFILTRATICN_SYSTEMS 1006 STATE TO HARRISON
Projected Starl 03/12022 07.00 A1 [ Projected Finish 03312022 09,00 Pt [ || (] BICINFILTRATION SYSTEMS 1003 STATE T HARRISON
Actuzl Start 03/5/2022 08:01 AW B Actual Finksh 037212022 10-15 Am fig] || (] EICINFITRATION BASIN 2235081
Originating WO# Orig WO# Desc [ BICINFILTRATION_SYSTEMS 1095 STATE TQ HARRISON
Structural Risk Maint. Risk [0 BIOINFILTRATION_SYSTEMS 1001 STATE TC HARRISON
BIQINFILTRATION_SYSTEMS 1096 STATE TO HARRISON
ndor track tasks and resources e i s oot
Description - Work Length 0 -
d (O BIOINFILTRATION_SYSTEMS 1007 STATE TO HARRISON
I n a p p Cancel [
(0 BICINFILTRATION_SYSTEMS 1008 STATE TO HARRISON
Cancelled By Date Cancelled @
(O BIOINFILTRATION_SYSTEMS 1093 STATE TO HARRISON -
‘Cancel Reason ~ q »
ancel Comments - Pink rows indicate inventory still under warranty.
o | Wom B E
Comments: 4 comment Sort ¥

Update Work Order XY when adding/removing assets?

Task info sent back to CMMS e

[ oews o .

SeqiD Name Description Status Procy

Project: 2022 15x12859 Foreve ¥

Gl Preventative Maintenance Gl Preventative Maintenance  COMPLETE  True

Project Tree
Contract: v Contractor. FOREVERGREEN GOl w || 2 Gl Preventative Maintenance Gl Preventative Maintenance COMPLETE True
Jock Units Dese.: [ E Gl Preventative Maintenance Gl Preventative Maintenance  COMPLETE  True
Labor Cost: $0.00 Material Cost: $0.00 4 Gl Preventative Maintenance Gl Preventative Maintenance  COMPLETE  True
1 3

Tasks, hours, resources in FF and Sauorent Cos: 0.0 Pomt Cost 3040
CMMS are checked against invoice

WO closed out for the month




Lessons Learned




Lessons Learned

* Asset Management
e Criticality and risk
* Proper condition assessments

 Levels of service
 Tracking the right data

* Workforce

» Technology

NIOSH Basin




When nothing is going right, go left.

Lick Run Greenway



For more information:

Leslie Schehl

leslie.schehl@cincinnati-oh.gov

www.youtube.com/user/CincinnatiMSD

www.projectgroundwork.org/lickrun/



www.projectgroundwork.org/lickrun
www.youtube.com/user/CincinnatiMSD
mailto:leslie.schehl@cincinnati-oh.gov

Healthy Plants for Better Bioretention Performance:
An Approach from the San Francisco Bay Area







Regenerative Landscaping in Bioretention Measures



ReScape California’s holistic and
regenerative landscaping principles
include:



http://www.rescapeca.org/

 Know your plants

* Avoid pesticides and synthetic fertilizers

 Use compost and wood mulch
















* If you don’t know your plant, you might kill it!
* Three plant “maintenance groups”:
















Plant Pruning
Example

A newly installed
bioretention measure
with two types of rushes




Improper Pruning
of Rushes

One year later, improper
and unnecessary pruning
of rushes leads to poor
JERIMEEHG RS IES




Results of Improper
Rush Pruning

Two years later, repeated
pruning has led to almost
complete plant failure




* Purpose of mulch * Mulch considerations

. Depth. of mulch




* Wood Mulch (recommended):

* Rock Mulch (only when really needed):

- * Combination










The composting process provides benefits:



https://scvurppp.org/2021/07/01/biotreatment-soil-media-supplier-list/













https://scvurppp.org/2019/09/01/scvurppp-green-stormwater-
infrastructure-handbook/

www.sanjoseca.gov/home/showdocument?id=40709

https://www.flowstobay.org/data-resources/resources/green-
infrastructure-design-guide/

https://sfpuc.sharefile.com/share/view/sb83923c24cb4298a



https://scvurppp.org/2019/09/01/scvurppp-green-stormwater-infrastructure-handbook/
http://www.sanjoseca.gov/home/showdocument?id=40709
https://www.flowstobay.org/data-resources/resources/green-infrastructure-design-guide/
https://sfpuc.sharefile.com/share/view/sb83923c24cb4298a

Contact Information
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