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• 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? 
• Contact us via the Q&A Box. 
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&EPA What is Green Infrastructure

• Uses soils, vegetation, and other media to 
manage rainwater where it falls 

• Treats stormwater before it could become a  
source of pollution 

• Provides  multiple  benefits for communities 

? 

Water Infrastructure 
Improvement Act: 
“the range of measures  that 

use plant or soil s  ystems,  
permeable pavement or other 
permeable surfaces or 
substrates, stormwater harvest 
or reuse, or landscaping  to 
store, infiltrate, or  
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 



 

&EPA 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 2nd : Visualizing Ecosystem Land  Management Assets (VELMA) 
▪ https://www.epa.gov/research-states/epa-tools-and-resources-training-

webinar-series 

Operations and Maintenance: 

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

• Summer 2022: Green Infrastructure Asset Management 

• Fall 2022: Green Infrastructure Jobs 

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

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
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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 
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TREE FILTER PERFORMANCE 

TSS 
sediments 

Zn DIN TN TP 
metals dissolved total total . .

1norgamc nitrogen phosphorus 
nitrogen 

TPH-D 
total 

petroleum 
hyd roe a rbo n s 

Median Annual Influent Event Mean Concentrations (EMC} in mg/L 

UNHSC 31 631 0.04 0.2 1.3 0.07 
Ports TBF 39 520 0.10 0.2 1.5 0.21 
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Is this predictable? 
• Maintenance staff 
was not involved in 
the design, 

• Little 
communication 

• No co‐development
of solutions… 

12 
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Picture of the sand filter in with standing water
from the surface prior to maintenance attempts in
September



   Maintenance December 2021 









   
   

         
   

Stormwater Names 
Can Be Challenging 

•Because we don’t always speak
the same language 

Permeable Interlocking 

Permeable Interlocking 

Swale Retention Pond Detention PondPermeable Interlocking Concrete Pavers
Concrete PaversPermeable Interlocking Concrete Pavers

Permeable Interlocking Concrete Pavers
Subsurface Detention Water Quality Inlet

Downstream Defender Bio-Swale Naturalized BasinPermeable Interlocking Concrete PaversPermeable Interlocking Concrete PaversStorm Trooper Vort-Sentry V2B1 Bay SaverPermeable Interlocking Concrete PaversPermeable Interlocking Concrete PaversBioretention Rain Garden Tree FilterPermeable Interlocking Concrete Pavers FilteraPermeable Interlocking Concrete Pavers
Sand Filter Delaware Austin ADS StormTechPermeable Interlocking Concrete PaversGravel Wetland Stormwater Wetland Surface WetlandPermeable Interlocking Concrete PaversConcrete PaversPervious Concrete Porous Asphalt Constructed Wetland 
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Anatomy of a BMP 

• 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 

20 



          
   

2-
ISHEDGRAV 

The “in‐between”: flexible based on 
preference or opinion 

https://nacto.org/publication/urban‐street‐stormwater‐guide/stormwater‐
elements/bioretention‐design‐considerations/soil‐media‐plantings/ 

21 

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


 
KEY QUANTITY NAME 

□ 50 
TUSSOCK SEDGE 
(Carex stricta) 

□ 75 
COMMON RUSH 
(Juncus effusus) 

350 
SWITCHGRASS 
(Panicum virqatum) 

□ 15 BLUE FLAB 
(Iris versicolor) 

□ 50 
JOE PYE WEED 
(Eupatorium maculalum} 

□ 20 
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(Lobelia siphililica) 

□ 100 
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□ 40 
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□ 50 
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□ 40 
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   The Site Today 

23 



         The      tale of two raingardens …





 Maintenance Solution



Comparison of Pollutant Removal Efficiency 
Planted vs Grassed Bioretention 

I■ Planted Bio (Avg. 3) ■ Grassed Bio I 
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CHECKLIST FOR INSPECTION OF BIORETENTION SYSTEM/ TREE FILTERS 

Location : 

Inspector: 

Date: 

Time: 

Site Conditions: 

Days Since Last Rain Event: 

Inspection Items Satisfactory (S) or Comments/Corrective Action 

Unsatisfactory (U) 

1. Initial Inspection After Planting 

Plants are stable, roots not exposed s u 
Surface is at design level, no evidence of s u 
preferential flow/shoving 

Inlet and outlet/bypass are functional s u 
2. Debris Cleanup (1 time/year minimum, Spring/Fall) 

Litter, leaves, and dead vegetation removed from s u 
the system 

Prune/mow vegetation s u 
3. Standing Water (1 time/year and/or after large storm events) 

No evidence of standing water after 24-48 hours s u 
since rainfall 

4. Vegetation Condition and Coverage 

Vegetation condition good with good coverage s u 
(typically> 75%) 

5. Other Issues 

Note any additional issues not previously covered. s u 
Corrective Action Needed Due Date 

l. 

2. 

3. 

Inspector Signature Date 

CHECKLIST·FOR·INSPECTION·OF·BIORETENTION·SYSTEM·/·TREE·FILTERS11 

Location: ··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·11 
lnspector:·· ·············· ···· ··· ···· ····· ·· ··· ·· ··· ····11 

Date: ······ ···· ········· ·············· ·· ·· ···11 

Time:··11 

Site·Conditions:1J 

Days·Since ·Last·Rain·Event:a 

Visual-lndicatorsR I Satisfactory·(S)·or· Comments/Corrective·Actionll 
Unsatisfactory•(U)R 

1.•Vegetation ➔ A A 

Plants·are·stable,·no·evidence·of ·erosionll I ···· .. S··········· ..... u .. ••·R 

2.·Appearance•(l-time/year-minimum,•Spring/Fall)A A 
Evidence-of·trach·or·debrisn 1 ...... 5 ................ u ..... R 

3.·lnlet•and•Outlet•Condition•(l•time/year•and/or•after•large•storm-events)R A 

No·obst ructions,·no·standing·water·after·24-48· 1 ...... 5 ................ U••• .. R A 
hours·since·rainfallll 

4.·0ther·lssuesR A 
Note·any·additional·issues·not ·previously·covered.·tl ······S················U·····R 

i nspector·Signaturell DateR 

ll A 

~tormnratel" Jn,fP Inspection Checklist 

Visual Indicators 

Pass Fail 

Inlet/Outlet conditions: Can water enter and exit the system? □ 

□ 

□ 

□ 

□ 

□ 

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

Inorganid Organic Material Build-up: Is there Noticeable build-up of debris, sediment, 
trash, vegetation etc.? 

□ □ System Integrity: Do system slopes look stable, is there notable damage in the system? 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

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

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


Maintenance  Complexity  is  defined  as:  

 Minimal  Simple 

     
       

  

     
     

 

     
       
 

     
     

Stormwater Professional 
or Consultant is seldom 

needed 

Moderate Complicated 
Stormwater Professional or 
Consultant is needed half 

the time 

Stormwater Professional or 
Consultant is occasionally 

needed 

Stormwater Professional or 
Consultant is always 

needed 

29
Erickson,  et  al,  2010  



Reactive 

   
       

        

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

term 

   
 

 

Cost effective, 
preventative operations 

         
   

   
   

   

 

Science basis, 
schedulable activities, 
more cost effective 

+ Periodic/Predictive

($) Proactive

‐
Adapted from Reese, A.J., Presler, 
H.H., 2005 
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MEMORANDUM 

DATE: February 20, 2016 

TO: Opti-Tool TAC 

FROM: Karen Mateleska, EPA Region- I 

SUBJECT: Methodology for developing cost estimates for Opti-Tool 

Table 3: Maintenance Costs($) and Hours per year for select BMPs - From UNHSC 

BMP Maintenance Cost($) peryear Annual Maintenance Hours 

Bioretention $1,890.00 20.7 
Chamber System Not Assessed Not Assessed 

Detention Pond $2,380.00 24.0 
Gravel Wetland $2,138.33 21.7 
Porous Asphalt $1,080.00 6.0 

Pervious Concrete $1,080.00 6.0 
Retention Pond $3,060.00 28.0 

Sand Filter $2,807.50 28.5 
*Note: initial costs based on cost of maintenance per year per acre of IC treated 



         
       

Parameter  Vegetated 
Swale 

Wet Pond Dry Pond Sand 
 Filter 

 Gravel 
 Wetland 

Bioretention Porous  
 Asphalt 

Capital Cost ($) 12,000 13,500 13,500 12,500 22,500 21,550 21,800 
Inflated 2012 
Capital Cost 14,600 16,500 16,500 15,200 27,400 25,600 26,600 

Maintenance and Maintenance and 

 Capital Cost Capital Cost
Comparison Comparison

17.8 17.8 5.4 5.4 6.9 6.9 5.4 5.4 12.8 12.8 13.5 13.5 24.6 24.6

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 
 Cost ($/yr) 0 0 0 0 0 

 Total Operational 
Cost ($/yr) 

823 3,060 2,380 2,808 2,138 1,890 1,080 

 Operation/Capital 
Cost (%) 6% 19% 14% 18% 8% 8% 4% 

Economics of Installation vs Maintenance 
Costs, normalized by area 

700  

32 



 

                     
                 

 

                 

               
                   

    

                     
             

Additional Resources 

• EPA Region 1 has developed a cost estimation tool that calculates
maintenance hours for typical BMPs the method is documented
here: 
https://https://www.unh.edu/unhsc/sites/default/files/media/epa‐
cost‐memo_0.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
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Agenda 

• Background 

• Green Infrastructure Program 

• SCM Inspection Program Evolution 

• SCM Maintenance Program Evolution 

• Lessons Learned 



  
 

   
 

MSD collects, treats, and manages 
wastewater from Greater Cincinnati It’s All About Clean communities, protecting the 
environment and public health byWater returning clean water to local rivers 
and streams. 
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MSD At A Glance 

0% 

MSD treats 190 million 
gallons of wastewater a day 

MSD maintains more than 
3,000 miles of sewer pipe 

MSD has 9 treatment 
plants and other assets 

MSD serves >225,000 
residential, commercial 
and industrial customers 



wastewcrllM fr@-otment Plant 

14 

  

  

Wet Weather Program 
• MSD is under a federal mandate to reduce combined 

sewer overflows into local rivers and streams. 

o ~800 communities across the U.S. are also under 

consent decrees for “CSOs” 



 

   

 

  

Status of Our Weather Program 
• Completed 1st 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) 

• 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. 
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DOWNTOWN 
CINCINNATI 

* Mill Creek Wastewater Treatment Plant 

Interstate 

- River/Stre;im 

Sustainable Solution Components 

® Re.ii Time Control filcility 

• Proposed Combined Storage 

West Fork Channel Grate Improvements 

Pro posed Stormwater Detention 

- Proposed Combined Sewer 

Proposed Sanitary Sewer 

Proposed Storm Sewer 

- Proposed Valley Conveyance 

Proposed Niltural Convey,mce 

Lick Run 
Greenway 

NIOSH 

' 

Focus on Lower Mill Creek 
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SCM Inspection and Maintenance Program Goals 

Goals for sites… 

• Function 

• Safe 

• Aesthetically acceptable 

Lick Run Greenway 

Programmatic Goals … 

• Data to flow seamlessly from 
inspection to maintenance 

• Inspection and maintenance 
to be data driven 

• Eliminate all paper forms 

• Skilled labor at all levels 



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 



 

 

Veaetated Systems 
Bioretention Svstems 

Indications of Evidence Remedies Poor Function . Sedime nt bui ldup immediately . Perform regu la r maintenance so that sed ime nt does not bui ld up to 
downstream of in let (at splash an excessive amount a t , ups tream, or dovvnstream of in let. 
pad , level spreader, e tc .) . In s ta ll sedime nt trap to keep sed iment from impa iring performance of . Sedime nt upstream of in let bioretention system betvveen regu larly scheduled m a inte nance. 
(e .g ., in gutter) is evidence of 
f low into bioretention system 
being b locked or s lowed down 

Excessive w h ic h a llovvs sed ime nt to settle 
Sedime nt a t in le t out prior to e nte ring 

bioretention syste m . . Sedime nt deposition depth 
s hou ld not be g reate r than 20% 
of the design freeboard depth 
(d istance between top of 
bioretention system and 
su rface of mulc h) . . Invasive species cove rage . R em ova l of invasive species a nd repla nting of deeply rooted native 
g reater than 30% of the species, particu larly du ring establishment period . 
bioretention system by a rea . Invasive species sha ll be e rad icated within one m o nth of discovery to . Common invasive species prevent furth e r spreading . 

Invasive plants include reed canary g rass, . If design species continue to fa il to become dominant, so il pH , so il 
common reed , purple permeability , hyd ro logy, o r salt content may be incorrect for the 
loosestrife, a nd catta ils selected spec ies. Consu lt designer for p lant mate ri al adjustme nt and 

imp le m e nt so il testing . 

. C hipped or broken c urb • Add reflective s ig nage or stakes within the asset near areas of 

• T ire marks on c urb frequent strikes. 

Damage by • Tire tracks within bioretention • Stakes sha ll be of suffic ie nt he ight to be v is ib le above banked s now. 

vehic les/plows system . Redesign or retrofit as necessary to reduce vehic le strikes . . C rus hed s tructures, piping , 
c leanouts 

B lockage to . F low from the bioretention . Remove b lockage. 
outlet (e.g ., syste m is partially o r . Remove or re locate vegetation near the outlet. 
downstream com pletely obstructed by 

Remedies to excessive sed iment a t the in let a nd erosion problems c urb c ut, sediment, debris, o r vegetatio n . 
overflow grate, wi ll l imit sed iment bui ld up at the outlet. 

or unde rdra in) 

·Major storm event is equal to or m ore intense than 0 . 75 inches of rainfall in 24 hours 
Page 3 of 19 

Consequences of Inaction . . 
. 
. . 
. . 

. 

. 

. 

. . . . 

. . . . 

. . . 

Drowning hazard due to flooding 

A blocked in let wi ll keep flow from entering 
bioretention system a nd ca use a loss of sto rage 
vo lume capacity and water quality improvement 

Sediment bui ldup at the level spreader o r energy 
dissipater W II counte ract erosion controls 

S treet flooding or f looding of adjacent property 

Loss of desired p lants due to sed iment bui ldup 
w ithin bioretention system 

Repair and replacem e nt cost 

P oor aestheti cs 

Invasive species outcompete deeply rooted 
native species w hic h m a inta in p roper infi ltration 

Inc rease in f lood ing and standing water due to 
loss of infiltrati on 

Loss of storage volu me and/or water quality 
improvement due to loss of infi ltration 

Repa ir and replacement cost 

Poo r aestheti cs 

In let blockage due to c urb breaks 

Damage to soils , unde rdra ins , overflow grates, 
s tructures, and vegetatio n 

Damage to private and public property 

Repair and replacem e nt cost 

Poor aestheti cs 

Inc reases f lood ing o r sta nd ing wate r w h ich limits 
vo lume capacity and wate r qua lity improvement 

Loss of desired p la nts 

Repair and replacem e nt cost 

Poor aesthetics 

WILLIAMS CREEK 

METROl'OLIIAN 
~fWtH. l)ISIIOC'.1 

°'"rea1er 
CINCINNATI 

Performance Indicators 
Visual aspects of GI 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 



 

 

 

• 

DOMAIN INBOX New Work Order v New Inspection v Project Manager New Contract v Reports Charts/KPl's ,. Asse 

I' Wo11rnrder ~ Print Preview Save 0 Close mi Delete 

Work Order • 

Description : SCM Inspection 

Number: 399000 

Initialed By: ECKHO FF MARISA D 

Enlity Type: BIOINFILTRATION BASIN 

Is Reactive? □ 

Galegory Planned 

Account: [ Wate rshed O peratia1 I.., I 
Requested By ECKHOFF, MARISA D v 

Request Agency WVVC 

Status: Supervisor Review 

SubmilTo SCHEHL, LESLIE 

Completed By ECKHOFF, MARISA D v 

Projected Start 02/112021 07:00 AM Ill 
Actual Start 02f2512021 01:46 PM II 

Original irnJ WO# 

Structural Rrsk: 

HOLD For W O# 

Description 

Cancell.ed By 

Cancel Reason 

Cancel Comments 

Comments: 

Cancel O 

AdO CommEI1: 

Date: 03f121202110 0SAM Ill 

Reason for Work 

Work Groop MSD SCM, 

Priority: Routine 

Date SubmiITo 03'12'20211 0:0SAM nm 

Projected Finish 12/31'2021 09:00 PM nm 
Actua l Fin ish 12/10'20211 0:47 AM nm 

Orig W O# Desc 

Mainl Risk 

Wort; Length 

Date Gancelle<I 11111 

Son • 

WO Add ress: LR1 _ STATE TO HARRISON 

Quadrants: Genlral Southwest 

Location Delails: 

X Localioo : 1,38&,072.5 11 Y local ioo : 4 16,48 1.76 0 

Assets _._ 

Tolal Enlit ies: 15 

D Asset AssetlD Location Wa rranty Date 

D BIOINFILTRATION_SYSTEMS 109B STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 100B STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1001 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1007 STATE TO HARRISON 

D BIOINFILTRATION BASIN 2235081 

D BIOINFILTRATION_SYSTEMS 1094 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1004 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1093 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1095 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1096 STATE TO HARRISON 

D BIOINFILTRATION_SYSTEMS 1097 STATE TO HARRISON 

D BIOINFILTRATION SYSTE MS 1006 STATE TO HARRISON 

- Pink rows indicate inventory still under warranty. 

b': 
Updale Work Order X:V when adding/re moving assets? 5 

L 

( Start Cene I Inspection 

• I\ r. QUb.:t 
NL.rtM 

,._.,,.~Y~.,t~llfTWY"'tA :h~M 
..-:1 ""111 , ... ¥'>-:--1(: - '4" 

r,:wJ M •r.v, :t./'"~'211Zl, lb10 A~1 -,., 

h .:.. · .· n r.hArtlll.l :1 ., ..... ......... 

Is lhen- .:i p ~tc.JI d~rl!llen~ or pcn;c-~ 
rt~k 111~t wot.1d prohlbl ln~pcollon .3l thl~ 
t lmo? 

~ .,_ ••· O Vc-.: 

0 '4= 

,.n fll! lhtl, bench l!i911~, or o ,er ft111lm11e 
not 111 ert111e to runction, ho.rt may be 
35,soc;1.rted wi th MSIO, 1n good c;ondltlon? 

Tracking Data 
Inspection 

Yearly WO created in 
the CMMS 

WO info sent to FF 
Inspection app 

Internal staff complete 
inspections in FF 

Report sent back to 
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 



   
  

 

GING ' _,E HILL 

4 
/2 

Maintenance Program 

But… 

It’s still different! 

• Tasks 
• GIS Depiction 

• Tools 

• Materials 

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



  

    

  
  

 
 

   

• 
• 
• 
• 
• 

Descriplion: SCM Mainlena11ce 

Number: 429583 

Work Order 

Initialed By: ECKHOFF MARISA D 

Entity Type: BIOINFILTRATION BASIN 

Date 01'2512022 07 35 AM • 

Is Reactive? D Re ason for WOl'k 

CalegOf)' Planned 

Account: [ Watershed Operatio1 1 ~ 1 

Requested By ECKHOFF, MARJ SA D V Work Group MSD SCM, 

Request Agency wwc 

Location lnformatmn • 

WO Address: LR1 - STATE TO HARRISO N GI 

Quadranls Cenlr11I Southv1est 

Locallon Details· 

X location : 1,388,022.044 Y Localion: 416,454.957 

Assets • 

Tolal Enlfties: 15 

D Asset AssetlD Location Warranty Date 

Slalus: Scheduled Pnority : Routine V D BIOINFILTRATION_SYSTE MS 1005 STATE TO HARRISO N 

SubmilTo SCHEHL, LESLIE 

Completed By FOREVERGREEN COi v 

Projecled St,1rt OJf l /2022 07:00 AM • 

Actual Start 03/812022 08:01 AM ffiD 
Origlnaling WO# 

Structural Risk 

HOLD For WO# 

Descnplion 

Cancellei1 By 

Cancel Reason 

ancel Comments 

C ancel □ 

Comments: Add Comme,, t 

lnslrucfions: 

Project: 2022 1Sx12859 Foreve v 

Project Tree 

Contract: 

.ock Um1s Desc.: 0 
Labor Cost: S0.00 

Equipment Cost: SO.OD 

Date SubmHTo 03/112022 06:48AM &fl D 

Projecled Finish 03131/2 022 09:00 PM l!bfl 
Actu111 Finish OJ/21!2022 10:15 AM . 

Orig WO# Desc 

Maml Risk 

Work Length 

Date Cancelled 

ments 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

BIOlNFILTRATION_SYSTEMS 1002 STATE TO HARRISO N 

BIOINFILTRATION_SYSTE MS 1006 STATE TO HARRISO N 

BIOlNFILTRATION_SYSTEMS 1003 STATE TO HARRISO N 

BIOINFILTRATION BASIN 2235081 

BIOINFILTRATION_SYSTE MS 109 5 STATE TO HARRISON 

BIOINFILTRATION_SYSTE MS 1001 STATE TO HARRISON 

BIOINFILTRATION_SYSTEMS 1096 STATE TO HARRISON 

BIOINFILTRATION_SYSTE MS 1097 STATE TO HARRISON 

BIOINFILTRATION_SYSTEMS 1007 STATE TO HARRISON 

BIOINFILTRATION_SYSTE MS 1008 STATE TO HARRISON 

BIOINFILTRATION_SYSTEMS 1093 STATE TO HARRISON 

- Pink rows indicale invenlory still under warranly 

1MMib 

Seq lD Name Des.cription Sta tus Proc 

Contractor: FOREVERGREEN COi V 

Maleri al Cost: SO.DO 

Permrl Cost $0.00 

GI Preventative Maintenance GI Preventative Maint enance COM PLETE True 

GI Preventative Maintenance GI Preventative Maintenance COM PLETE True 

GI Preventative Maintenance GI Preventative Maint enance COM PLETE True 

GI Preventative Maintenance GI Preventative Maintenance COM PLETE True 

< Start Work Order 

S elno 

8 
(l LR Stt1lc to Harrison GI 

N:,1rfir,,1 ar Fn,11 Jo!':h.SnO','•ilc- clnnstl-oh.qo•l 

WOtll Order Con'C)leted By 80 
.:. Lesli Set hi 18 · . .e.schohl@cincinn .. • 

Tir,e 1h:Jl the 3 1 M.:11 'tler.arce Cre-;_• cntc--s 
1hc: jDb srtc ;:nd sL,rt,;.1~1 w crk "'""'· 

St.,, 0:1.l~IT11 c 3/23/2022 1;0 PM 

< 

Work Orders 

Monthly WO created in CMMS 

Tracking Data 

WO info sent to FF WO app 

Vendor track tasks and resources 
in FF WO app 

Task info sent back to CMMS 

Tasks, hours, resources in FF and 
CMMS are checked against invoice 

WO closed out for the month 



Lessons Learned 



 
 

 

Lessons Learned 

• Asset Management 
• 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
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Going Green for Good: 
Long-Term Considerations for Operation & 
Maintenance of Green Infrastructure 

EPA Webcast: April 28, 2022 

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

Peter Schultze-Allen, Senior Scientist 
CPSWQ, ReScapeQP 

EOA, Inc. 
Santa Clara Valley Urban Runoff Pollution Prevention Program 

(SCVURPPP) 
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Regenerative Landscaping in Bioretention Measures 
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• 

• 

8 Princip les for 
Regenerative 
Landscapes 

00 

-0;-

ReScape California 
ReScape California’s holistic and 
regenerative landscaping principles 
include: 

• Using climate-appropriate vegetation 
and minimizing planting of intensive-
resource landscapes such as turfgrass 

• Using compost and mulch enhances 
fertility, soil structure, and improves 
nutrient and water retention; they 
inoculate the soil with beneficial 
organisms, and provide other benefits 

• More information at: 
www.rescapeca.org 

4 

http://www.rescapeca.org/


    

 
 

 
 

 
 

RegenerativeBioretentionMeasureMaintenancePractices 

• Know your plants 
• Identify the plant or at least know how its maintained 
• Right plant in the right place reduces pruning and waste 
• Know your weeds and what they are telling you 

• Avoid pesticides and synthetic fertilizers 
• Can kill beneficial insects and soil life 
• Can impact water quality discharges 

• Use compost and wood mulch 
• Improve soils, reduce water consumption and weeds 
• Inoculate soil and improve plant health 

5 



Bioretention Measure Examples 

6 
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• 
• Praoipltation 

.J • 

., • 

Tree Well Filter Example 

7 



  

 
 

 

   

• Plant spacing and coverage: 
• How large will it grow? 

PlantMaintenanceTips/Questions 

• How long will it take to grow to full size? 
• Are plants too close together? 
• Are more plants needed? 

• How much water and sunlight does it need? 

• When does it flower? 

• Is it a “weed” or a desired plant? 
• What time of year is best to prune? 

• Does it really need to be pruned? 

• Should it be divided and replanted? 

• How long does it live? 

• Is it dormant or dead? 
Iris douglasiana – Pacific Coast Iris 
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Plant Density ••• 

4 Excellent Condition 3 Good Condition 2 Moder.air Condition 1 Poor Condition 
• 100% plart coverage at p!Mt maturcy' 

• P1ants are appropria.ely spaced 

• No obswctiai of inlets, o,.,rllow, o, 
rrigation inlrast""'1Mre 

'Newly ,bft1od sysfools o,oy IIOl h .... fld 
eowff.19f, 11,i,t syswms mustNVe NI cow-e~e 
-jlbnt ffi>ioisllmeotar,d m.,.;,y 

• Al leasi 90% plat« coverage a& 
maturity' 

• Some spo,adic bare spois present 
(0-IO'!'o) 

• Most plants are apprcpnately spaced 

• Panial obstructiai of one or more in lei, 
owrilow, or irrigation system 

• At least 50% plan! co•erage at 
mawrity' 

• Lloderate number of small bare spois 
with no large, oontnuous bare Sf)Ots 
(10-~) 

• Significant obstrucbon ol aie or more 
i,leis, overflows, or rrigalion systems 

• Less than 50% plant coverage at 
malwity' 

• Signmcant number of bare spocs or 
large continuous bare spo,s (more 
than~) 

• Full obSINCIJai of Me or more inlets, 
ovedows, or lrigalion syslems 

GSI Maintenance Field Guide - San José 

Images courtesy of the City of San José, a member of SCVURPPP 9 



 

  

 

  

Why Plant Identification Matters 

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

• Rushes 

• Sedges/grasses 

• “Flowers”* 

Calamagrostis x acutiflora – Reed Grass 

*Botanically speaking, all three of these groups of plants have flowers, 
but for the purposes of our three “maintenance groups”, we are using 
“Flowers” to mean the group with large, very noticeable flowers. 

10 



 

 

 

  

Plant “Maintenance Groups” 
Rushes Sedges/Grasses Flowers 

Rush stems are round and solid Sedges have edges, grass stems are Flowers are broadleaved or long-
hollow – both have flat leaves; sedges stemmed and often have larger, 
and grasses can have shorter lifespans; more colorful flowers than the 
some can turn brown in summer if not other two groups of plants. 
irrigated; and some grasses are colorful 11 



 

Rushes 

Chondropetulum tectorum – Cape Rush Juncus patens – California Gray Rush 

If possible, do not prune at all! 

Care: Remove dead stems only - dethatch by hand with textured rubber 
gloves. If live growth needs pruning, remove only tips (top 4-6 inches) 12 



 
 

      

Sedges/Grasses 

Carex tumulicola – Berkeley Sedge Muhlenbergia capillaris – Pink Muhly Grass 

Care: Dethatch with rubber gloves; divide larger plants in 
fall; will be greener with more water – can turn brown in 
summer without irrigation. 

13 
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Flowers 

Penstemon heterophyllus Foothill Penstemon Carpenteria californica Bush Anemone 

Care: Deadhead spent flowers and remove dead growth 

14 
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Plant Pruning 
Example 

A newly installed 
bioretention  measure 
with two types of rushes 

15 
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Improper Pruning 
of Rushes 

One year later, improper 
and unnecessary pruning 
of rushes leads to poor 
plant health issues 

16 
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Results of Improper 
Rush Pruning 

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

17 



 

 

 

 

 

 

• Mulch considerations 

MulchTopics 
• Purpose of mulch 

• Reduces weed growth • Depends on site and design 

• Conserves water by minimizing • Wood mulch 
soil dehydration • Improves soil 

• Keeps soil cool • Holds moisture 
• Reduces soil erosion • Needs periodic replacement 

• Depth of mulch • Rock mulch 

• 3 inches is required in California • Prevents erosion 
for water-efficient landscaping • Can heat up soil 
and conservation • Doesn’t improve soil 

• Can make weeding difficult 

• Potential vandalism (cobble) 
18 



 

 
 

 

  
   

 
  

MulchTypes 
• Wood Mulch (recommended): 

• Uncomposted Wood Mulch 
• Composted Wood Mulch 

• Rock Mulch (only when really needed): 
• Gravel (small) 
• Medium-sized rock 

• Cobble (large) 

• Combination 
• Rock mulch can be used in the flow line 

with wood mulch on the sloped sides 
• Jute netting can also be used to 

temporarily hold the mulch in place 
until plants are established 

19 



Off-line design  with trench drains & wood  mulch In-line  design with Splash Apron  and Cobbles 

20 



  
 

  
  

 

Where space allows and 
when you have sloped sides, 
a combination of rock mulch in 
the flow line and wood mulch 
on the sides can be used 

21 



Composted Wood Mulch Benefits 

The composting process provides benefits: 

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

22 

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


Uncomposted Wood Mulch 

23 



Composted Wood Mulch (BWM) 

24 



Gravel Rock Mulch (Small) 

25 



Medium-sized Rock Mulch and Cobble (Large) 

26 



  

 

GREEN STORMWATER 
INFRASTRUCTURE 

SF Bay Area Bioretention Resources 

SCVURPPP GSI Handbook (2019) 
https://scvurppp.org/2019/09/01/scvurppp-green-stormwater-
infrastructure-handbook/ 

City of San José GSI Maintenance Field Guide (2019) 
www.sanjoseca.gov/home/showdocument?id=40709 

SMCWPPP GI Design Guide (2020) 
https://www.flowstobay.org/data-resources/resources/green-
infrastructure-design-guide/ 

San Francisco GI Maintenance Guide Book (2018) 
https://sfpuc.sharefile.com/share/view/sb83923c24cb4298a 

27 

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


 

Urban Runoff 
Pollution p,.eve n tion Prog ra1"11 

Contact Information 

Peter Schultze-Allen 
Senior Scientist 
CPSWQ, ReScapeQP 

pschultze-allen@eoainc.com 

EOA, Inc. and SCVURPPP 

Mimulus aurantiacus – Sticky Monkey Flower 
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