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Planning future workshop/webinar topics is currently underway! Please contact Erin Kepple-
Southwestern Pennsylvania Commission Adams, Water Resource Manager at ekepple@spcregion.org and let her know what your needs
are. She is happy to try to accommodate your requests.
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Poll Question #1

Are you planning to implement green
stormwater infrastructure (GSI) in the
near future?

A. Yes, we have already implemented
some type of GSI and are eager to do
more.

B. Yes, we are planning to, but haven't
done so before.

C. We are considering it as a possibility.
D. No, not unless we have to!

HHETTR




Objective

With Municipal Separate Storm Sewer System
(MS4) and Consent Order and Agreement (COA)
reporting requirements, this presentation will share
some methods of assessing different types of GSI
projects.

From site analysis through post-construction and
operations & maintenance monitoring, these
methodologies can provide reasonable estimates
(and assurance) of project performance.
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CONTROLLING

“SOURCE

EXECUTIVE SUMMARY

A Roadmap For
Working Together
on Impactful
Source Control
July 2020

Planning Approach

Understand context
for natural and built
systems, such as
watershed/
sewershed
boundaries, land
use, population,
soils, and sewer
infrastructure
systems.

Performance

& Benefits

Highlight areas
where significant
overflow reduction
can be achieved
based on the
characteristics of
the sewer system.

Analyze constraints
including natural
characteristics such
as shallow bedrock,
steep slopes and
poor soils for
infiltration.

S Public
Strategies | Strategies

= Green Strests
Murieipal /
PennDOT

= Green Parky

= Green Schook
and Facites

munGpeltes

L crow exgtie
Concider previously
identified projects
and identify new
opportunity areas
by analyzing parcel
ownership and
land use with
relatively low
constraints;
situated in areas
where significant
overflow reduction
can be achieved.

Concept
Plans and

Develop
site-specific
concept plans and
cost estimates,
considering
integrated costs
versus standalone
project costs.

Evaluate and
prioritize
opportunities based
on cost and
anticipated reduction.




What information-isimportant to have to
inform the type, the scale, and potential

benefits of GSI?

Site Information

Existing drainage
conditions

Potential drainage
area to GSI| and
characteristics

subsurface conditions,
soils, utilities, slope,
available space for GSI

storm infrastructure,
connectivity, flooding
issues, overflow volumes

what is to be controlled
and how “dirty” is the
runoff expected to be




Assessing the
expected runoff,
sediment, trash,

and debris
characteristics can
inform GSI type,
pretreatment
needs, and O&M
expectations

Data sources
include GIS,
survey,

geotechnical and
other field
Investigations,
stormwater
sampling, and
pre-construction
monitoring



Gathering-iInformation CONTROLLING
“SOURCE
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Allegheny County Sanitary Authority

Upper Allegheny
GSI CONCEPT PLAN
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GSI Practice
Selection

What are the
most practical

and effective
GSI practices
for a given site?

Roof Equiprnent

* Proxdrmity to Other Uses Gl

*Exsling Trees
and Vegetation

* Water Quality
* Channel Frotection
* Flood Central
*Replicabilty
' Fost Track Potential
* Cald Climates
* |Infergation/Corslstency with ofher
Planring or Implementation Program

*Sediment/Debrs Load
*Space Constraints
*Size [ Type of Impernvious Cover

*Constuctability
*Transportation Considerations

OPRTIMAL *Pedestian

Conslderations
* Avallability of
Sunlight
*Hot Spofs

* Aesthefics * Public Vislblity
* Habitat Patential «Fublic Safety
* Recradtional Neads

* Comrmunity Acceptance/Conceams

*Fublic Education/
Derncnstration Potential

* |mplementation Cost

* Marginal Cest (Potential for
Integration with Other
Capital Imprevernents)

* Maintenance Cost/Difficulty

GREEN
INFRASTRUCTURE
TYPE SELECTION
(START DESIGN)

Source: Green Infrastructure
Implementation (WEF, 2014)

WIBGE041 305 226 3MIKE



Example GSI practice




Example GSI practice




Estimating the Benefit

Wide range of options, depending on the metrics of interest and the
project size, type, and complexity:

Least complex: engineering formulas / spreadsheets

Moderately complex: packaged tools (National
Stormwater Calculator, HydroCAD, etc.)

Most complex: detailed hydrologic and hydraulic
(H&H) Modeling




Estimating the Benefit — Peak Flow,
Runoff Volume, and Pollutant Removal
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The lllinois Green Infrastructure Study (University of lllinois et al., 2070)




Range.of-Project Types/Complexities

Potential GSI Location -

Bioretention with subsurface
storagefinfiltration

Least complex:

1-2 separate GSI practices
w/ similar designs, simple
hydraulics, small drainage

area, uniform soil /
subsurface conditions, etc.

“— Subsurtacs storagsiinfiltration
bed with porous pavement |
i T i

Moderately complex:

several GSI practices w/ some
connectivity and design variability,
medium sized drainage area, several
inflows / overflows, varying soil /
subsurface conditions, efc.

Most complex:

multiple interconnected GSI practices,
complicated hydraulics, multiple
inflows / overflows at varying depths,
large drainage area, localized flooding,
other mitigating issues, efc.



Estimating the Benefit (Least Complex): Formula Example

1.25” from all storms
totals to 95.5% of the
annual rainfall

Cumulative Capture of Typical Year Precipitation

®  Typical Year Capture

Estimate capture depth in
terms of inches from the
tributary impervious area

<= = = 1.25-inch Capture

of Typical Year

eeeeeeees Poly. (Typical Year Capture)

[
et
S
2
=%
©
o
o
=
=]
o
S
€
S
&)

Example: 1.25-inch capture from
1 impervious acre with 37.7
inches average
annual rainfall:

1 1.25
Capture Depth (in.)

Rainfall volume: 43,560 SF x 37.7"/year x 1'/12” = 136,900 CF (1.02 MG) per year
Runoff volume: 1.01 MG rainfall/yr x 0.85 annual runoff coeff. = 0.87 MG per year
Capture volume: 870,000 gal runoff/year x 95.5% capture (from curve) = 0.83 MG per year
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Land Cover

Estimating the.Benefit (Moderately Complex): |fggec
National Stormwater Calculator Example

o EPA Hesona Sormessar Caloulator

Example: 1.25-inch capture from 1 impervious acre (split b/w rain garden and
permeable pavement) with 37.7 inches average annual rainfall:

Rainfall volume: 43,560 SF x 37.7"/yr x 1’/12” = 137,000 CF (1.02 MG) per yr
Runoff w/o GSI:  0.84 MG per yr

Runoff with GSI:  0.07 MG per yr

Capture volume: Runoff w/o GSI — Runoff w/ GSI = 0.77 MG per yr




Estimating the-Benefit (Most Complex):

H&HModel (SWMM) Example

Options range from simple
(reduce percent impervious in model)

to more complex

(storage nodes or SWMM LID Module)

LID Control Editor

Control Name: |3RWW_EuampIE

Bio-Retention Cell
Bio-Retention Cell
Rain Garden
Green Roof
Infiltration Trench
W Permeable Pavement
Rain Barrel

dRooftop Disconnection

Vegetative Swale

IT
*Optional

[ cancel

Surface  Sgil Starage  Drain

Berm Height
(in. or mm)

Vegetation Volume
Fraction

Surface Roughness
(Mannings n)

Surface Slope
(percent)

Surface Soil Storage Drain

Thickness
(in. or mm)

Porosity

(volume fraction)
Field Capacity
(volume fraction)
Wilting Point
(volume fraction)
Conductivity
(in/hr or mm/hr)
Conductivity
Slope

Suction Head
(in. or mm)

Surface Soil Storage Drain

Thickness

(in. or mm)
Void Ratio
(Voids / Solids)

Seepage Rate
(in/hr or mm/hr)

0.5

P ]
R

Clogging Factor
Surface Soil

Storage Drain

Flow Coefficient™

w

N

Flow Exponent

Offset (in or mm)

Open Level (in or mm)

Closed Level (in or mm)

Control Curve

I

Drain Advisor

*Flow is in in/hr or mm/hr; use 0 if
there is no drain.

Different Options for placing LID
Controls in SWMM

@

Storm Water Management Model Reference
Manual Volume Il (EPA, 2016)




Other Tools: WRF-GSI Triple Bottom Line Tool

: Framework and Tool for Quantifying
Released in 2021 the Triple Bottom Line Benefits of

Developed in coordination w/
WRF’s Community-enabled Green Stormwater Infrastructure

Lifecycle Analysis of Stormwater

Infrastructure Costs (CLASIC) AN .
(o]e] <is Nfo7w!
Purpose is to quantify and N T
monetize the TBL benefits of GS/ <
-

(financial, social, and

environmental)

Intended for utility and municipal

staff or other interested GSI

practitioners

* requires some level of
expertise/familiarity with GSI,
but not with economics!

Enter TBL GSI Tool ‘

CORwNA

Water ENVIROMMENTAL CONSULTING

Research
researc’  Kennedy/Jenks




Other Tools:*"WRF GSI Triple Bottom Line Tool

 Excel-based tool
* Results dashboard, key inputs, GSI scenario, costs and timeline
« 12 benefit categories:
« Avoided infrastructure costs, avoided replacement costs, energy savings, water
supply, air quality, property values, heat stress, recreation, green jobs, water
quality, carbon, ecosystem

Economic Framework for TBL Analysis (8 key steps)

(e.g., BMP installations by practice type, acres managed, volume reduction)

(e.g., gray infrastructure alternative)

(this will vary by community/region and by type of Gl BMPs installed)




Other Tools: WRFE.GSI*Triple Bottom Line Tool

Economic Framework for TBL Analysis (8 key steps; continued)

Environmental;
457,188,293 ; 11%

¥

Analyze Benefits and Costs

(e.g., energy savings and (e.g., capital/establishment
associated reductions in costs, land, financing,
emissions and respiratory maintenance and Financial-

illnesses) replacement) . $275,731,273 ; 53%
Social; $188,849,270 ;
36%

(e.g., monetize avoided
health care costs associated
w/public health outcomes)

Figure 5-10. Present Value Benefits of Lancaster 25-Year GSI Implementation Scenario,
Over 50-Year Analysis Period, by TBL Category.

(find out what is driving results)

[e,g., net present value, annualized benefits, TBL-based ROI, per unit benefits)

rrpe—cll Sce report for more background and
el Case studies (Saint Paul, MN;
of Green Stormwater Infrastructure LancaSter, PA, Seattle, WA, and

Cleveland, OH)




Other Tools: Continuous~Simulation Modeling w/ Infiltration

Washington, D.C. Gl BMP Sizing Tool (Created July 2021)

A Green Infrastructure Leadership
Exchange (GILE) initiative led by the City e e

Project Information

Prepared By: Name

of Kitchener, Ontario with support from

Total Controlled Site Area 1.888

Lotus Water and Jacobs Engineering - —

Annual Runoff Reduction %

Participating cities: DC, Denver, et Water iy e |
Kitchener, Portland, San Francisco, Get Results!

Infiltration

Toronto, Tucson, Vancouver e T

Design Seepage Rate

Purpose: a tool for non-modelers to e Comected mpeous A

Area Draininj gto

Runoff Coefficient of Pervious Area (C

predict the volume capture and water o

BMP Footprint Size

quality benefits of various design GSI

Green Roof | Green Roof Soil Thickness

scenarios Enter project info

Site Soil Seepage Rate

Safety Factor for Seepage Rate - 2

Design Seepage Rate infhr 0.5

Directly Connected Impervious Area
o |Pervious Area

Runoff Coefficient of Pervious Area (C

'/ the green infrastructure Value)
i . BMP Footprint Size
\ leadership exchange BMP Footprint e

A practitioner network supporting green infrastructure communities

Gl Sizing Factor
Green Roof | Green Roof Soil Thickness




Other Tools: Continuous-Simulation Modeling w/ Infiltration

100’s of continuous simulation runs in

SWMM; variables included:

« GSl type, underdrain, sizing factor
(loading ratio), soil infiltration rate

Applicable GSI (w/ typical dimensions):

Bioretention, Green Roofs, Infiltration

Trenches, Permeable Pavement

Primarily for use in conceptual design to help

size GSI (allows up to 2 GSI practices)

Tool will lookup and output the resulting:

« Annual Runoff Reduction as a %

« Annual Water Quality Treatment as a %

Benefit: easy-to-use tool that yields “right-

sized” GSI for your site based on extensive,

previously completed H&H modeling (for

specific cities)




Poll Question #2

How do you typically estimate the potential
benefits/performance of your GSI projects?

A.

m O O ®

Formula/Spreadsheet

Moderately Complex

Most Complex

Other

We don’t typically estimate the benefits
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Design Considerations — GSI will work here!
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Recommended Setbacks

Table 2-1. Recommended Setbacks

Constraining Feature!

Minimum Distance
between GSI and
Constraining Feature (ft)

Distance Type
[Horizontal or
Vertical)

Constraining Feature!

Trees [ Vegetation

Minimum Distance
between GSI and
Constraining Feature (ft)
10 ft radius from tree

center

Distance Type
[Horizontal or

Vertical)

Horizontal

Depends on condition of tree,
relative benefits of new GSI vs.

Wetlands 10 Horizontal N/A existing tree preservation. If
necaszary, use shovel or soft-
Streams 20 Horizontal NfA excavation and avoid tree roots.
Railroad 15 Harizontal N/A ROW Property Lines Horizontal To protect systems from future
structi dj t I=.
Building Foundation / Underground 10 Horizontal Note if building has basement. FOnSiUCTan oR BCpoE peroes
Structures (basements, tunnels, Non-ROW Property Lines 5 Harizontal 5 ft minimum. 10 ft preferred.
storage tanks, etc) Infiltration-Limiting Layer (bedrock, 2 Vertical Upto3ft
high dwater, et
Utility Lines 3 Horizontal N/A igh groundwater, etc )
Other Infiltration Facilities (other G51 | 50 Harizontal NfA
Utility Lines 1-15 Vertical Depends on utility size, type, age practices, drain/disposal fields,
and condition. seepage pits, etc.)
Sewer Lines or Sewer Laterals 3 Horizontal Infiltrating GSI should be Steep Slopes / Landslide Prone Areas Horizonial 200 ft from down-gradient slopes
prevented from infiltrating within greater than 20%. Geotech
& 1-1 slope from the invert of the analysis required if facility affects
sewer (e zone of influence] slope greater than 15%.
Moderate to steep slopes (5% -
Utility Infrastructure (underground 5 Horizontal N/A 25%) should be considered a
vaults, manholes, traffic lights, constraint to GSI placement.
telephone poles, 'No Parking' signs, Curbs, Curb Ramps, Sidewalks to Horizontal N/A
parking meters, guy wiras stc.) Remain
Fire Hydrant 15 Haorizantal N/A Inlets to Remain 2 Haorizontal N/A

Source: ALCOSAN’s Green
Stormwater Infrastructure Guidance
Manual — March 2019

Crosswalk

Horizontal

Planters/curb extensions may be
within or closer than 5 ft. from
crosswalks

driveways, fences, bus stops etc.

*practitioners should use engineering judgment for setbacks to constraints not induded such as subway entrances,




Recommended Loading Ratios

Table 4-3. Recommended Loading Ratios

Recommended Loading Ratios of
GS| Mechanism! Surface Receiving Runoff Impervious Drainage Area to GSI Area?

Infiltration f Runoff Reduction | Subsurface 5:1-12:1

Surface [Vegetated) 10:1-20:13

Slow Release Subsurface 10:1-20:1

Surface (Vegetated) 15:1-25:1%

To protect against surface clogging, the loading ratio for permeable pavement should be kept at 3:1 or as recommended by manufacturers.
However, the storage / infiltration system undermeath permeable pavements can have higher loading ratios, provided the contributing
drainage area is drained by inlets with pretreatment.

‘Ratios are for stabilized drainage areas. Practitioners should consider the amount of sediment loading expected, factoring in ground cover
and land use. Practitionars should consult a geotechnical enginesr for specizl cases (e g arbonate soils, karst geography, landsiide-prone
areas, fractures, faults, other geologic features). Higher loading ratios necessitate more robust pretreatment.

‘Loading ratios for surface systems could be increased by using high flow media.

Source: ALCOSAN'’s Green Stormwater Infrastructure Guidance Manual — March 2019




Design Considerations — GSI Sizing

Table 4-1. Recommended Yoid Percentages for Storage Calculations

Storage Material Void Space

Gravel / Open graded aggregate [ Stone 35-45%

Soil 15-25%

Sand 25-35%

PFipes embedded in G5I 90-945%

Modular storage product specific

Table 4-2. GS| Component Storage Depths
G5l Type G51 Component Depth (inches)

G5l Practices with Surface Storage Ponding 3-12%2

G5l Practices with Vegetation Engineered/Bioretention Soil 18—36
G5l Practices with Subsurface Storage Under Pavement Agpregate 12 -242

G5l Practices with Subsurface Storage Under Vegetation Apgpregate 6-242

G5l Practices with Subsurface Storage Sand Filter (if applicable) 6- 8

‘Stormwater wetlands can have surface depths up to 6 feet
*Depths include freeboard, which is typically 6 inches minimum.

Source: ALCOSAN’s Green Stormwater Infrastructure Guidance Manual — March 2019



Surface Soil Storage Drain

Design Considerations (cont.) g
Porosity
(volume fraction)

Field Capacity
(volume fraction)
. c . Wilting Point
Consider reduction factors to reflect post-construction (volume fraction)

and beyond. For example: Conductivity

(in/hr or mm/hr)

- - . Conductivity
void space/ratio, porosity Slope

(e.g., void space being lost over time by sediment accumulation) Suction Head
soil permeability/conductivity/seepage oy
(e.g., potential compaction during construction and partial clogging over time
after construction)

other potential considerations: type of permeability test performed, variability
of site soils, level of pretreatment / expected sediment load, redundancy / Thickness

resiliency, compaction during construction, etc. . or min)

Void Ratio
(Voids / Solids)

For example, SWMM offers a “clogging factor” for certain parameters Seepage Rate

associated with LID controls. G/l or min/iv)
Clogging Factor

Surface Soil Storage Drain




Source Control Monitoring Guide

D es i g n C o n S i d e rati o n s Green Stormwater Infrastructure and

' SCAN ME

* Design with monitoring & performance
evaluation in mind (whether passive or
active)

 Consider in-GSlI, in-sewer, and/or

other monitoring
 Wet weather inspections

For projects that will be modeled

consider how the project will be modeled ._ _ :

to ensure that monitoring information will e o e e
help Va“date mOdel after ConStrUCtlon- Pressure transducer inside V-notch weir facilitates flow

monitoring well allows for water measurements in an irregular
depth readings (image: PWSA) channel (image: PWSA)




Example Monitoring-Schematic

MONITORING WELL 5 E FEEMEARLE 8 TFRLOCH BEL TR
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VARTE RS T HED TR FRIC RATED TR PR L A VN '
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T

1

\ L, ERID OF W O

€3 T A5 AR Y A
FROFILE VIEW nia
HATIVE EDu

,I"_ MONITORING WELL

e
-

-

o

PLAN VIEW wre.

CUTLET TS
A b
Wi Ftiie

OUTLET MONITORING LOCATION
(UNDERDRAIN FLOW) MOTES:

1. CRFEFAVATION WELLE BHOULD BE
COMGTRUCTED OF REAFOAATED 4% GOH 40 AND
CAPFPELD TO FREVENT INJURT OR VERSCLLAR
OAMARE

2 THE POEITION OF THE MONITORING WELL 5 TD
HE LOCATED WITHIN THE LMITE COF THE FINIESED
BURFACE AF DETERMINED ™ THE FELD ¥ THE
ENGIMNEER

3 INONTORING EQLEPRENT SHOLLD EE LOCATED
AT THE BOTTTEN OF THE WMOSSTOERING WELL

4 AEFER TO SECTION 3 OF THIR OLIMANCE
DOCUNENT F#O0R §PECFIC GUIOANCE DN
AVMLABLE MONITORING EQUIPMENT.

S POREARE FAYEMENT WITH LIsDERDRAN
GHOAWH, BUT CENERRL CORFICEIAATIORN OF
MONITORING COMPOMENTE |5 AFFLICABR E TO
ALL TYPE Il BMPS [SEE TABLE 2-3 708 FULL UIST
OF apPEaY TYeE)

S |
'OUTLET MONITORING LOCATION

UNDERDRAIN FLOW)

GWINNETT COUNTY
MONITORING GUIDANCE

TYPE || BMP
WMONITORING SCHEMATIC
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Construction'Phase

Education

Communication

Material test results

Construction observations/oversight

Verification of ponding depths, side slopes,
infiltration rate, etc. (wet weather inspections,
simulated runoff tests)

Gathering accurate as-built information

Sequence! Protect what has been built!
Keep equipment off infiltration soils!




Key Construction
Inspection Activities

Pre-construction meeting AND pre-planting meeting

Review construction material cleanliness and
conformance to specifications

Multiple inspections at critical stages
Final inspection and site walk-through
Wet weather inspection(s)

On-going inspections during plant establishment and
warranty period

Dirty, unprotected excavation and dirty stone!




ConstructionResources

Construction inspection guidelines (next slide)
and forms for bioretention, infiltration trenches

(below), and permeable pavement

ALLEGHENY COUNTY SANITARY AUTHORITY
Green Revitalization of Our Waterways (GROW)
Green Stormwater Infrastructure (GSI) Practices
CONSTRUCTION INSPECTION FORM

(GREEN REVITALIZATION ~ DUR WATERWAYS

Inspactor: Date of Inspection:

Contractor Present? O'es EL) Start Time: | £nat Time.
Inspection Type: O Follow Up O Reguiar | Current Weather:

Photographs Taken? OYes QNo
Reason 10r Inspection: o ml O Regularty Scheduled, Milestona =]

CONSTRUCTION SITE INSPECTION - INFILTRATION TRENCH

Sita Nama:

Infiltration

Trench Typé:

CCONSTRUCTION SITE CONDITIONS - INFILTRATION TRENCH

See Table 2-2 in the GS1 Construction Inspaction Guide for more detailed information on each construction task.

TASK
NUMBER

CONSTRUCTION TASK

&S: E&S controls installed and properly maintained
o prevent fouling of GSi facilities?

0 Tree Trench/Trench 0 Trench balow
below. tion Pawment

O3 Surface Fiow Infitration O Other.

STATUS PHN:W NOTES/ACTIONS

TASK
NUMBER

s

CONSTRUCTION TASK

Graded Aggregate Filter Layer. Aggregate material is
clean and sized acoording 10 plans and
ifications?

[Graded Agiregate Filter Layer Placement: Aggregate

Filter Layer place between storage aggregate and

backfil material? Filter Layer piaced to depth indicated

pn plans? Compaction equipment has not crushed
egate?

ite Aocess/Safaty: Pedestrian and vehicks acoess
-&ﬂnclea with adequate publio safety controis in

Baokfill: Material meets specifications? Material
submittal reviewad and approved?

D Other O Field Change/Question O Final Claseout

Site Desoription/Name:

Sita Address:

Collestion System Type:
Faoiity Types 10 Be Inspacted on Site:

O Combined Sewer O Separated Sewer

O Sioretention DO Permeable Pavement
I infiftration Trench O other:

MUNICIPAL INFORMATION
Municipalty or Municipal Authority
Contact Name: [ Phone:

\ocated 10
plans and adequately protected?

[Trea Protéction: Tree protection installed acoording 10
oot

Zones?

Ltitses: Existing wwﬁmm“ u:e limit of disturbance
Jocated and property mark

Backlll Instaliation: Geotextiie his been property
Wwrapped over the top of storage aggregates with 18
minimum overtap? Depth of placement matehed
wesign plans and detai? Geotextile hasn't been

Hamages

Finish Grading and Surfacing Grading and surface
plevations match plans and details? Vegetated
surfaces are protected from erosion? Pavement
instalied to line and grade shown on plans?

[Demoiition/ Cilearing & Gmbﬂl( Demo/Clearing zones|
re limitad to area of wark only?

Excavation: Excavaton within GS1 oottt 0 Tne and
Eraces indicated on plans? Equipment kept off of ail

fnfiltrating surfaces? Tree roots are cleanly cut, flush
With sids wals?

E &S Controis: Adjacent areas are stabilized and/or
proper E & S controls are in place to protect surface
nfiftration zones from sedimentation? Infiltration areas|
ree tollowing rain events?

AS-Bullts: As-bults drawings 1 complate and propery
Bocument any field changes o the design?

Subgrade: sub-grad is uniform, uncompacted
o frea of sackmart and doktarous.usarias?
in accordanoe with pians?

Beotextila/Liners: Geotetile/linet is clean,
Jundamaged, and installed according o plans and

Contact Address: Email
CONTRACTOR INFORMATION

Primary Contractor
Contact Name / Person Fresent | Phone

Flow Monitoring Equipment: Fiow monitoring
Equipmert meets the requirements of the plan, details,
fnd specification? Equipment in cormect locations per
desigr? Equipment properly protested from vandalism
and theft?

Undardrain/Distribution Pipés: Size, material. location,
perforations, and elevation of pipe per plans?

inlots, Catoh basins, Qutiet Structure: Size, material,
Jocation, and elevations per pians?

Contact Address: Emiail
PRE-CONSTRUCTION CHECKLIST
Site Plans & Details Reviewed? OYes

Wair and Baffies (Il Appiicable). SUUCuIEs submitied
fneet requirements of specificalion? Submittal has
and appre

torage Aggrogates: Aggroge matora s cean ana

GSI Reviawea? Oves

plans Material
sulxnma\ reviewed and approved?

Solls Tested and Resulls Reviewed? OYes
Construetion Sehedule and Sequence Reviewed? OYes

Storage ont. Aggregate has been
jplaced in proper Ifts to depths indicated on plans and.

Pre-Construction Meeting Complete? QOYes

If yes, date of mesting. It o, scheduled mesting date:

has

fGeotextile/liner is undamaged and infiltrating
not during

placement?

OTHER RELEVANT OBSERVATIONS/FIELD REQUIRED CHANGES TO DESIGN

CHAPTER 4

GS!| Construction Inspection Guidance
Document




« Protect infiltration zones and subgrades from sediment .

contamination and clogging

e Protect catch basins from collecting and conveying sediment
Pl .

« Ensure subgrade elevation and extent matches design plans .

* Bed bottoms are typically level unless otherwise indicated on
plans to promote even infiltration and prevent clogging

Graded Aggregate Filter Layer

E&S controls installed according to plans

« Infiltration trench surfaces are adequately

protected from sediment and debris

*  Prior to initial site disturbance .
= Regularly throughout construction .

* Following installation infiltration

spection Responsib Patenti 0

Contractor . di of

o

Owner’s representative

(engineering inspector) scarify subgrade

pection Responsib

Exposed subgrade to be uniform, « Inspect when final subgrade is « Contractor
ted and free of and reached and excavation is pleted (d ing
deleterious material elevations are per plan)
I WURS B S P T

Graded aggregate filter layer is placed between storage
aggregate and backfill material when infiltration trench is
designed for surface infiltration — e.g. finish grade is planting
soil and landscape or decorative cobbles/riverstone

Place filter layer to depth indicated on plans and lightly
compact

Do not crush aggregate with compaction equipment

pection It
Confirm material is clean and gradation meets
specification when it arrives on site

Depth of placement matches design plans and
details

Rock hasn't been crushed during compaction

spectio
« Confirm material meets specifications | e
once it arrives on site

* Inspect once installation commences
and following completion of work

ion

P
zone subgrades: Remove sediment and

« [f facility bottom is not level, confirm that
it conforms to the design plans/intent or

contractor to level

Owner's representative | e
(engineering inspector)

Potential Co tive Actions

Reject aggregate material if it is not clean
and/or does not meet specification

Do not over-compact

Erosion and Sedim
Contr pnstruction Tas)
Subgrade
Site Access & Mat
Geotextile/Ling
Tree Prote
U in/Distributi

e

Backfill (Aggregate sub-base,
planting soil or top soil for turf)

Fully wrap geotextile over storage aggregates with minimum
overlap of 18" to prevent migration of fines into infiltration
trench

Place graded aggregate filter layer over storage aggregate
rather than geotextile when infiltration trench is designed for
surface infiltration

Place backfill material to depth indicated on plans and
compacted to provide a level surface for finish grade

Compact per plans and specifications

Confirm that geotextile has been properly
wrapped over the top of storage aggregates
with 18" min overlap prior to backfill

Confirm material meets specification when it
arrives on site

Depth of placement matches design plans and
details

Geotextile hasn't been damaged or
perforated prior to backfill placement

+ Confirm material meets specifications | o
once it arrives on site

* Inspect once installation commences
and following completion of work

Owner’s representative |
(engineering inspector)

Reject backfill material if it is not clean
and/or does not meet specification
Completely cover top of trench aggregate
with geotextile or with graded aggregate
prior to installing backfill material
Replace damaged or punctured geotextile
material

Finish Grading and Surfacing

Complete finish surface grading according to plans and details,
ensuring that infiltration trench surface is graded to collect and
infiltrate water when included in design

Install surface treatment — pavement, turf or landscape
plantings, trees, etc. according to plans and details

Confirm grading and surface elevations are
completed according to plans and details
Confirm that vegetated surfaces are
protected from erosion with use of erosion
control blanket or other means until
vegetation is established

Confirm pavements are installed to line and
grade shown on plans and details

* Inspect once installation commences | o
and following completion of work

Owner's representative | o
(engineering inspector)

Contractor to correct surface grading that
does not match plans

Contractor to correct or replace

pavements that are not installed
according to plans and details.

Erosion & Sedimentation Control
following Installation

Stabilize adjacent areas and ensure proper E&S controls are in
place to protect surface infiltration zones from sedimentation

Keep vegetated areas that are part of the infiltration trench
system offiine if p until is ished

E&S controls installed that adequately protect
surface infiltration features from
sedimentation

Sand bags, etc. are properly installed to divert
runoff during establishment (if required)

Y ing ir ion of .
final surface treatment
* Beforeandi iately f rain

Contractor .

Sedimentation of infiltration surfaces:

Owner’s repr
i inspector)

events

R with hand tools, scarify
soils surfaces, replace surface treatment
(cobble, mulch) with dean material

Inlets, Catch Basins, |
Demolition/Clearit Structure
Excavat  weir and Baffles (if Ap|
Storage Aggregates or A
Storage Medig|

Post-Construction

Document built conditions through development of
construction as-builts

Install flow monitoring equipment on-site to monitor GSI
performance per plans and specifications

Complete performance testing in accordance with project
specifications

Confirm as-builts drawings are complete and
have fully documented all field changes to the
original design

Confirm that flow monitoring equipment
meets requirements of plans, details and
specifications

Confirm that flow monitoring equipment has
been installed in the correct location and per
design plans and details

Confirm that flow monitoring equipment is
protected from vandalism and theft

= Confirm monitoring equipment meets |
specifications once it arrives on site

* Inspect once following installation .

Owner's representative | ¢
(engineering inspector)

Monitoring staff .

Reject monitoring equipment if it is does
not meet specification

Revise as-builts until they are complete
and document all constructed site
conditions

monitoring equip if it has
not been installed according to plan or
consult design/monitoring team to
relocate the monitoring equipment as
required to properly collect flow data
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Post-Construction Evaluation

Prior to monitoring data being available, use as-built information, wet weather inspections,
simulated runoff tests to update calcs or model.

;;TEM,,;,L,L s Rl .' % e
Simulated Runoff Test Poms oo
(source: Seattle Public Utilities) Apron not depressed enough — bypass! Wet weather inspections

Ask the question, “Are there significant changes?”
« Drainage areas or GSI footprint
« Storage volumes
Critical materials (e.g.: storage materials, bioretention soils)

Were subgrade soils as expected?
(Any changes to anticipated infiltration
rates?)




Pre-Construction Flow vs velocity

Monitoring

» Consider redundancy to have better confidence

in data and to have backup
(e.g., more than one depth sensor, couple depth and
velocity measurements for flow monitoring)

» Consider whether in-GSI or in-sewer monitoring
(or both) is optimal

» Couple data with field observations
(e.g., bypass, GSI condition) and/or rain-activated
time-lapse cameras

« Consider remote, real-time monitoring via web-
based platforms




Monitoring-and Modeling

» Use post-construction monitoring to validate/calibrate calculations/model

SWMM
subcatchment
before GSI (“LID”):
10 acres, 40%
impervious

Following SWMM
option A of embedding
GSI (“LID”) in the
subcatchment and
routing the impervious
to it

Monitoring of the GSI
discharge would
represent this, so

would be calibrating/

validating that portion
of the subcatchment

Impervious Area:
4 ac




Poll Question #3

Which phase of the GSI implementation
process have you typically found to be

most challenging?

A.

B
C.
D

Planning

Design

Construction

Operations and Maintenance

D

- i
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Monitoring-and Maintenance

Ensure adequate ongoing maintenance to maintain performance
» Use monitoring to help know when maintenance is needed

Save the Rat:
DO NOT SEAL

7




ALCOSAN O&M
Guidance Manual

Guidance for GSI projects to
develop a Maintenance Plan

Routine, Non-routine, and General
Maintenance Activities by Gl type

Maintenance Frequencies

Includes Maintenance Inspection
Checklists

Manuals/guidelines protect the
investment in GSI

Table 2-8. Routine Maintenance Task Frequencies b

All GSI Technologies

“w
E
7}
=
2
>
&
@
o
]
&
=
=
7}
1)
v
-

Infiltration Systems

Service Level and GSI Type

Recommended Typical Frequency®

Moderate Service

Maintenance Activity High Service Level Level Low Service Level

GSI Inspection? Monthly Quarterly Biannually
Trash & Sediment Removal Monthly Quarterly Biannually
Organic Debris Removal Quarterly Biannually Annually

di r | from veg Monthly Quarterly Annually
areas and/or forebay
Collection System Cleaning After each 1-inch storm Monthly Quarterly

event

Collection System Pretreatment
Device Replacement

Device missing, damaged or nonfunctioning

Weeding

Monthly Quarterly Biannually

Mowing (if turf grass is present)

Weekly or biweekly Quarterly Annually
during growing season

Mulching

Biannually Annually

Remove & Prune Plants

Biannually Annually

Watering/Irrigation

Establishment/As needed

Cutting Back Vegetation Annually

Clear overflow and drainage After each 1-inch storm Monthly Quarterly
structures event

Winterization Annually

Structure & System Vacuum Biannually Annually

Cleaning

Pipe Inspection/Pipe Jetting

Annual Inspection/Jetting as needed when 10% or more of cross
section area is clogged with debris/sediment

Inlet Pretreatment Maintenance Quarterly Biannually Annually
Maintenance of Surface Quarterly Biannually Annually
Aggregates (when present)

Bolt & Lock Care As needed

Tree Care

Biannually or as needed

Winterization

Annually or as needed
—

Annually




Operations & Maintenance Critical to Long-Term
Performance

ALCOSAN’s GSI
Guidance Document
includes maintenance
condition tables and

maintenance

inspection checklists.

Bioretention maintenance condition
table (1°t page shown to right)
covers 27 different site conditions.

Table 3-1. Bioretention Facili

Site Condition

Obstructed Access to
Site or Structures for
0&M

Expected Condition
(Satisfactory)

Access is not
obstructed

Maintenance Conditions

Condition when
Maintenance is
Needed (Marginal)

Access feasible but
inhibited

Defect or Problem that
requires Corrective Action
(Unsatisfactory)

General Site Conditions
Access to site and critical

structures in the site is not
feasible

Reason for Maintenance/ Objective

System and structures must be accessible
to conduct inspections and monitor
system functionality.

Possible Corrective Actions

Prune or remove obstructing
vegetation

Remove objects/barriers as
needed

Stormwater Runoff
Bypassing System Inlets
(curb cuts, inlet pipe,
etc.)

Water easily enters
facility, or no
indication of bypass
as indicated by
watermarks, debris
buildup, signs of
erosion

Indication of
moderate bypass
observed during
rainfall or by
watermarks, debris
buildup, signs of
erosion

Indication of significant
bypass observed during
rainfall or by watermarks,
debris buildup or erosion

Water unintentionally bypassing the
system indicates that the system is not
able to manage stormwater at full
capacity. Prevent runoff bypass to ensure
system provides stormwater
management benefits.

Clean or regrade areas around
GSI system to direct surface
runoff to inlets and correct
flow path to facility

Install new inlets at low points
surrounding system to promot
surface conveyance to system

Unpleasant Odors

Unpleasant odor not
detected (minor smell
from compost or
other soil
amendments is
acceptable)

Unpleasant odor detected
(minor smell from compost
or other soil amendments
is acceptable)

Odors may be an indication of surface
clogging preventing runoff from reaching
the soil layer or underdrain clogging
preventing adequate drain down of the
facility.

(Minor smell from compost or other soil
amendments is acceptable.)

Conduct infiltration testing
and remediate bioretention
soil as necessary

Inspect underdrain and outlet
control structure for clogging.
CCTV and jet clean underdrain,
if clogged

Ensure weed barrier or
geotextile fabric has been used
properly and is not clogged
Remove any decaying organic
material or other source of odol

Vandalism / Damage to
Components or Entire
System

No evidence of
vandalism or damage
such as trampling or
impacts from nearby
construction

Some vandalism or
damage present but
not impacting the
function of the GSI
system

Significant vandalism or
damage present that
affects the function of the
GSI system

Vandalism, including graffiti and removal
of structures, can compromise the overall
performance and/or aesthetics of the
system.

Remove graffiti

Plant individual replacement
plants

Repair the GSI structures and
inlets

Install protective barriers or
implement other strategies to
prevent continued vandalism




ALLEGHENY COUNTY SANITARY AUTHORITY
Green Revitalization of Our Waterways (GROW)
Green Stormwater Infrastructure (GSI) Practices

MAINTENANCE INSPECTION FORM

Inspection Date:
PICTURE POSSIBLE MAINTENANCE

Address: SETE CONDINON NUMEER SOLUTION(S)
Installation Date: 2. Standing Water
Site Type: Surface Ponding or Indication of Ponding |

O Porous Asphalt O Porous Concrete [Swa;ennﬂrks, etc.) on Permeable Pavement 4. Vegetation

Open Pavers Othe urface
o k] g i : Vegetation Damage, Bare Spots, or Weed
" . Standing Water Present in the Monitornng

t o Insy - Fill In the Status, oM ey o structures st s Level Indicsting that Growth in Grass Paver Systems

must be taken to address each site condition | ; o g

Refer to Table 3-3 in Chapter 5 for supplemer| the System is Not Draining Completely

(S) Satisfactory - In compliance, expected co) Mesquitos or Lervee Observed in Inlet Destabilized Contributing Landscape Areas

(M) Marginal - In compliance, needs mainten Structures or Elzewhere

(U) Unsatisfactory — Needs immediate atienti

{MNA) Not Applicable — Not present at this site 3. Surface Conditions PICTURE POSSIBLE MAINTENANCE

SITE CONDITION STATUS NUMEER NOTES SOLUTION(S)

SITE CONDITION STATL

Sediment or Silt Buildup on Permeable
Pavement Surface

1. General Site Condltions

Access to Site or Structures Obstructed

Paver Joints Clogged

Weed Growth in Paver or Expansion Joints

5. Structures

Stormwater Runoff Bypassing System

Accumulated Trash and Debris on
Permeable Pavement Surface

Lids, Grates, or Caps Missing or Damaged

Excess 0il, Steining, or Other Visible
Conteminants on Pavement Surface

Inlet Blockage or Excessive
Sediment/Debris in Control Structure or
Inlet Filter Insert

Underdrain Blockage or Excessive
Sediment/Debris in Contral Structure

Inlet Fiiter Ingertz Damaged or Missing

Monitoring Equipment Damaged or Missing




Highlights of Recent O&M Inspections of
15 GSI Projects in the Region



INSPECTION REPORT

GROW ID #: DATE OF INSPECTION: 04/20/22

PROJECT NAME: Ano nymous

LOCATION:

INSPECTED BY: Andrew Potts, Jacobs
Aini Sun, Jacobs
Kevin Moore, MDA

WEATHER: 35 °F, sunny, dry

INSPECTION NOTES:

The rain garden facility inspected is a small, high performance rain garden at the located along
. The rain garden accepts water collected from roof leaders and sidewalk
decorative trench drains along |

In general, the facility appears to be functioning as designed and has been maintained to a
satisfactory level.

At the time of inspection, debris collected over the winter was evident but was not interfering
with the function of the facility. Little or no mulch was evident in the rain garden and it was
bare ground between the perennial plants. The no-mow fescue swale has been maintained to a
satisfactory level and appeared to be functioning to slow and filter the water flowing through.

There was some litter and winter debris in the rain garden. Weeds were also germinating in
nearly 100% of the bare ground between the perennial plants. Given the early spring timing of
the inspection, it is reasonable to assume the weeds and mulch will be addressed with the
spring maintenance when performed.

The street trees and rain garden shrubs planted in the basin appear to be healthy although
none were leafed-out at the time of inspection. Perennial plants were also still dormant at the
time of inspection. A second inspection in six to eight weeks will allow for better assessment of
the health and vigor of the trees and plants.

The trench drains running through the sidewalks on both sides of and along one
side of are all appear to be functioning as designed. There was some trash, debris
and sediments noted at various point in the trench and in the tree grates.

pavers, depressed areas

Disconnected roof leader




Permeable Pavement

* Permeable pavers
being impacted by
adjacent/upgradient
unstabilized areas



Drainage Area
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Bioretenti
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Conclusions

« Estimating and verifying performance of GSl is critical and
can be challenging, but there are a range of methods
available that can be scaled based on the project parameters

« Consider performance at all stages of the project: from
planning and design to construction to monitoring and
maintenance

 There are good resources and tools available to assist, and
we can share lessons learned throughout the region as more
GSl is implemented




Questions?

Metrics that Matter — Evaluating Green

a I c Osa n Stormwater Infrastructure Performance

allegheny county sanitary authonty

Tim Prevost, PE;
ALCOSAN Manager of Wet Weather Programs

Andrew Potts, PE, LEED AP, CPESC; Jacobs

Aini Sun, EIT; Jacobs

A Challenging today.
UaCObS_ Reinventing tomorrow. Daniel Wible, PE, ENV SP; Jacobs
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