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Introduction

• The Northeast Ohio Regional Sewer District supports 
the strategic implementation and long‐term 
maintenance of green infrastructure that protects, 
preserves, enhances, and restores natural hydrologic 
function.

• The Green Infrastructure Grant (GIG) for the Combined 
Sewer Area Program (Program) focus is the funding of 
green infrastructure projects to remove stormwater 
runoff from the combined sewer collection system 
within the District’s combined sewer service area.



Introduction
• The District is now requiring, through our 

GIG Agreement, that all grantees attend an 
Operation & Maintenance (O&M) Workshop 
to ensure green infrastructure practices will 
continue to function properly and yield 
expected water quality and environmental 
benefits, while ensuring good stewardship 
of rate payer dollars.



Green Infrastructure Grant Program 
2020 

Funding Round  Award 
Recommendations

Runoff 
Reduction 
gallons/year

2014 GREEN INFRASTRUCTURE GRANTS PROGRAM

TOTAL   $1,746,274 7,138,890

2016 GREEN INFRASTRUCTURE GRANTS PROGRAM

TOTAL   $1,974,747   9,658,777

2018 GREEN INFRASTRUCTURE GRANTS PROGRAM

TOTAL   $799,130 1,730,688

2019  GREEN INFRASTRUCTURE GRANTS PROGRAM

TOTAL $1,908,361 4,906,083

2020 GREEN INFRASTRUCTURE GRANTS PROGRAM

TOTAL $1,935,944 2,913,808

GRAND TOTAL   $8,364,456 26,348,246



Stormwater Control Measures

• Bioretention Practices
• Cistern
• Green Wall
• Permeable Pavement
• Underground Infiltration/ 
Detention Systems



GENERAL OVERVIEW
Operation & Maintenance



General Overview



General Overview ‐Design



General Overview ‐Construction



General Overview – Day 1



General Overview – Day 1



General Overview –
the first few months 



General Overview –
the awkward years 



General Overview – Maturity



General Overview ‐Construction

HARTMAN 
MAKES 
THEM 
MAINTAIN!



General Overview ‐
Design Considerations



General Overview ‐Design

• Begin with the end in mind
• Setup project for success
–Construction
–Long‐term maintenance



General Overview ‐Design

• Refer to an 
accepted 
standard



General Overview ‐Design

• Ensure accessibility by needed equipment



General Overview ‐Design

• Schedule



General Overview ‐Design
• Consider ways to simplify inspections                
(e.g., observation wells)



General Overview ‐Design

• Flood Routing
–What happens if the practice clogs/fails?



General Overview ‐Design



General Overview ‐Design

• Material Specifications



General Overview ‐Design

• Applicable Notes & Details



General Overview ‐ Construction 
Considerations



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction
• Milestone Inspections



General Overview ‐Construction

• Do not ruin 
your SCM!!!



General Overview ‐Construction

• Follow the construction schedule



General Overview ‐Construction

• Scarify underlying subsoil 
of infiltrating practices



General Overview ‐Construction

• Keep sediment out!!



General Overview ‐Construction

• Refer to applicable notes



General Overview ‐Construction

• Complete as‐built drawings



General Overview ‐Construction

• Update O&M plan as 
applicable when design 
changes are made during 
construction



General Overview ‐Construction

• Construct 
infiltrating 
practices during 
dry weather only



General Overview ‐Construction

• Ensure non‐
contaminated 
construction 
materials are 
used

Washed Stone

Not so much…



General Overview –
Maintenance Considerations



General Overview – Maintenance

What do the following 
have in common?



General Overview – Maintenance

A perfect system of government

A man‐made 
feature that 
requires no 
maintenance



General Overview – Maintenance

THEY DON’T EXIST!!!



• First year need$ vs long‐term need$

General Overview – Maintenance



http://neohiostormwater.com/uploads/3/5/0/4/35043674/compre
ssed_scm_om_manual_final_8‐21‐15.pdf

General Overview – Maintenance



General Overview – Maintenance



General Overview – Maintenance



BIORETENTION
Operation & Maintenance



Bioretention
• Small‐scale, vegetated 

depressions
• Small contributing areas 

(e.g. roads and roof tops)  
• Stormwater runoff 

percolates through soil 
and plant roots

• Physical, chemical and 
biological processes 

• Clean water infiltrates or 
is discharged



Bioretention ‐Design



Bioretention ‐Design

• General
–Use accepted standards
– Ensure accessibility
–Prepare logical schedule
–Keep inspection & maintenance in mind
– Include applicable notes & details
–Provide for flood routing
–Provide material specifications



Bioretention ‐Design

• Design assumptions made:
–Appropriate drainage area vs. filter 
bed area (5% of watershed’s IA)
–Adequate outlet
–Groundwater considerations
–Setbacks met



Bioretention ‐Design
• Assumptions:
– Appropriate drainage area vs. filter bed area (5% of 
watershed’s IA)



Bioretention ‐Design
• Pre‐treatment options:

Forebay

Proprietary devices

Grass filter

Gravel Verge



Bioretention ‐Design

• Curb cuts: Sumps (easy) vs. Slopes (hard)



Bioretention ‐Design
• Curb cuts: Use the right size stone

=
Nice! Naughty



Bioretention ‐Design

• Upturned elbows:



Bioretention ‐Design

• Infiltration testing:
Double-ring 
infiltrometer

Infiltration test pit



Bioretention ‐Design

• Plant Selection:
–Aesthetics
–Line of site
–Moisture variability
–Salt tolerance
–Sunlight needs



Bioretention ‐Construction



Bioretention ‐Construction
• General
– Adhere to construction schedule
– Keep sediment away!
– Refer to applicable notes/details
– Construct during good weather
– Scarify subsoil (infiltrating practices)
– Use non‐contaminated materials
– Plan revisions = O&M Plan revisions
– As‐built drawings
– Milestone inspections



Bioretention ‐Construction

• Avoid compaction



Bioretention ‐Construction

• Account for 
settling of layers 
(additional 5% 
volume)



Bioretention ‐Construction

• Keep sediment out!!!



Bioretention ‐Construction

• Pre‐treatment grass filter 
strips…sod in place of seed & mulch



Bioretention ‐Construction

• Properly 
stake 
taller 
plants



Bioretention ‐Maintenance



Bioretention ‐Maintenance

• General
–All SCMs will require 
maintenance

–First year need$ vs. 
long‐term need$



Bioretention ‐Maintenance



Bioretention ‐Maintenance
• Pre‐treatment

– Remove accumulated 
sediments

• De‐watering
– Ensure it drains



Bioretention ‐Maintenance
• Inlets
– Are they 
stabilized?

• Vegetative health
– Watering & weeding
– Trimming/pruning
– Thinning
– Winterizing



Bioretention ‐Maintenance

• Infiltration bed



Bioretention ‐Maintenance

• Outlet & Overflow



CISTERN (RAINWATER HARVESTING) 

Operation & Maintenance



Cistern



Cistern

• Water distribution
–Can be used for on‐site irrigation 
or domestic use
–Controlled through automation or 
passively
–Must have an overflow for large 
storms



Cistern ‐ Design



Cistern ‐ Design

• General
–Accepted standards
–Accessibility
–Schedule
–Simplify inspections
–Applicable notes & details
–Flood routing
–Material specifications



Cistern ‐ Design

•Design assumptions made:
–Catchment area – dictates type of pre‐
treatment needed
–Drainage area – sized according to 
drainage area and volume needed
–Proper base is provided
–Outlet (overflow) is appropriate
– Setbacks are adhered to (property line 
and building)



Cistern ‐ Design

• Design assumptions cont’d:
–Quality – life expectancy and durability 
(local seasonal conditions were considered)

– Adhere to applicable plumbing codes
– Sunlight exposure minimized (above 
ground)

– System is flushable
– Tank is accessible



Cistern ‐ Design

• Pre‐treatment



Cistern ‐ Design

• General treatment of water
Filter

Ultraviolet 
Light



Cistern ‐ Design

• Design features

AlarmsDrain pipes

Water level indicator



Cistern ‐Construction



Cistern ‐Construction

• General
–Adhere to construction schedule
–Keep sediment away!
–Refer to applicable notes/details
–Plan revisions = O&M Plan revisions
–As‐built drawings
–Milestone inspections



Cistern ‐Construction

• Testing water tightness, 
mechanical components 
and alarms 



Cistern ‐Maintenance



Cistern ‐Maintenance

• General
–All SCMs will require 
maintenance

–First year need$ vs. 
long‐term need$



Cistern ‐Maintenance



Cistern ‐Maintenance

• Tank stability • Check for leaks 
(pipes, hoses, 
valves)



Cistern ‐Maintenance

• Test mechanicals • Water sampling



Cistern ‐Maintenance
• Flush & 
sanitize entire 
system 
(confined 
space entry)

• Winterization



GREEN WALL
Operation & Maintenance



Green Wall ‐ Design

• Vertical structures that have 
different types of plants or other 
greenery attached to them.
• Growth medium consisting of 
soil, stone, or water
• Built‐in irrigation systems.



Green Wall ‐ Design



Green Wall ‐ Design
• General
– Use accepted standards
– Ensure accessibility
– Prepare logical schedule
– Keep inspection & maintenance in mind
– Include applicable notes & details
– Provide for flood routing
– Provide material specifications
– Refer to Cistern slides – ensure proper 
conveyance for irrigation



Green Wall ‐Construction



Green Wall ‐Construction
• General
– Adhere to construction schedule
– Refer to applicable notes/details
– Construct during good weather
– Use non‐contaminated materials
– Plan revisions = O&M Plan revisions
– As‐built drawings
– Milestone inspections
– Refer to Cistern slides – ensure proper 
conveyance for irrigation



Green Wall ‐Maintenance



Green Wall ‐Maintenance

• General
–All SCMs will require 
maintenance

–First year need$ vs. 
long‐term need$



Green Wall ‐Maintenance

• Refer to Cistern 
Maintenance
• Accessibility 
with specialized 
equipment



Green Wall ‐Maintenance

• Long‐term structural stability



Green Wall ‐Maintenance
• Plant health
• Winterization (irrigation system & plants)



PERMEABLE PAVEMENT
Operation & Maintenance



Permeable Pavement

• Provide structural support for vehicle, 
bicycle, and pedestrian traffic

• Allows water to permeate through the 
pavement surface, aggregate base, 
and to infiltrate into the subgrade soils

• Receive runoff from adjacent rooftops 
and/or traditional paved areas



Permeable Pavement ‐Design



Permeable Pavement ‐Design

• General
–Use accepted standards
– Ensure accessibility
–Prepare logical schedule
–Keep inspection & maintenance in mind
– Include applicable notes & details
–Provide for flood routing
–Provide material specifications



Permeable Pavement ‐Design

• Design assumptions made:
–Traffic loading patterns
–Contributing drainage area’s land 
use impacts (i.e., sediments)
–Foundation offsets
–Groundwater issues addressed
–Flat subgrade provided



Permeable Pavement ‐Design
• Drainage area ratios (max. 2:1, traditional 
pavement‐to‐permeable pavement)

Paver field = 5,000 sq.ft

Pavement drainage area 
= 7,500 sq.ft

Ratio of 1.5:1



Permeable Pavement ‐Design

• Underdrains & elbows



Permeable Pavement ‐Design

• Observation wells • Edge restraints 
(curbing)



Permeable Pavement ‐Design

• Infiltration testing*:

*based on finished compaction



Permeable Pavement ‐Design

• Erosion & 
sediment 
control plan



Permeable Pavement ‐
Construction



Permeable Pavement ‐Construction

• General
– Adhere to construction schedule
– Keep sediment away!
– Refer to applicable notes/details
– Construct during good weather
– Scarify subsoil (infiltrating practices)
– Use non‐contaminated materials
– Plan revisions = O&M Plan revisions
– As‐built drawings
– Milestone inspections



Permeable Pavement ‐Construction

• Do not work on the 
subgrade when it is raining

• Remove unintended 
sediments before 
backfilling



Permeable Pavement ‐
Maintenance



Permeable Pavement ‐Maintenance

• General
–All SCMs will require 
maintenance

–First year need$ vs. 
long‐term need$



Permeable Pavement ‐Maintenance



Permeable Pavement ‐Maintenance

• Remove landscaping 
debris regularly

• Stockpile snow piles 
downslope



Permeable Pavement ‐Maintenance

• Do not apply any sealants



Permeable Pavement ‐Maintenance

• Vacuum/sweep 2x‐4x per year
Regenerative air sweeper Debris disposal

DIY –
old 
school



UNDERGROUND INFILTRATION/ 
DETENTION SYSTEMS

Operation & Maintenance



Underground Systems

• Saves valuable space ‐ area above 
remains available for traditional uses 
(parking, roads, active recreation, etc.)

• Allows water to infiltrate into the 
subgrade soils

• Receive runoff from adjacent rooftops 
and/or traditional paved areas



Underground Systems ‐Design



Underground Systems ‐Design

• General
–Use accepted standards
– Ensure accessibility
–Prepare logical schedule
–Keep inspection & maintenance in mind
– Include applicable notes & details
–Provide for flood routing
–Provide material specifications



Underground Systems ‐Design

• Design assumptions made:
–Traffic loading patterns
–Foundation offsets
–Groundwater issues addressed
–Flat subgrade provided



Underground Systems ‐Design

• Pre‐treatment options (80% TSS removal)



Underground Systems ‐Design

• Observation & accessibility ports



Underground Systems ‐
Construction



Underground Systems ‐Construction

• General
– Adhere to construction schedule
– Keep sediment away!
– Refer to applicable notes/details
– Construct during good weather
– Scarify subsoil (infiltrating practices)
– Use non‐contaminated materials
– Plan revisions = O&M Plan revisions
– As‐built drawings
– Milestone inspections



Underground Systems ‐Construction

• Do not work on the 
subgrade when it is raining

• Remove unintended 
sediments before 
backfilling



Underground Systems ‐
Maintenance



Underground Systems ‐Maintenance

• General
–All SCMs will require 
maintenance

–First year need$ vs. 
long‐term need$



Underground Systems ‐Maintenance



• Specialized equipment to remove accumulated sediments

Underground Systems ‐Maintenance

Culvert cleaning nozzle

Vac truck

Debris disposal



Conclusion

• Maintenance Considerations
‐Design Phase
‐Construction Phase
‐ Long‐Term



Conclusion

• Additional Resources
–CisternVideo:
• https://youtube/ORzczMLq5to

–Underground Infiltration/ 
Detention Video: 
• https://www.youtube.com/watch?v=
Upn5aPEESGA



Thank You

Administrative Inquiries
Crystal Davis | 216.881.6600 x6447 | davisc@neorsd.org

Technical Inquiries
Chris Hartman l 216.881.6600 x6656 l hartmanc@neorsd.org

https://www.neorsd.org/stormwater-2/


