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Operation and Maintenance of Philadelphia’s
Green Infrastructure Program: Keys to
Success
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‘OAKRF PRESENTATION OUTLINE

> Introduction
» Maintenance Schedules and Protocols

» Training and Workforce Development
» Asset Management
» Data Analysis

» Design and Construction Feedback



‘OAKRF GREEN CITY, CLEAN WATERS

Green City Clean Waters

The City of Philadelphia’s Program for Combined Sewer Overflow Control




‘OAKRF LID/GREEN STORMWATER ASSETS
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DAKRF LID / GREEN STORMWATER ASSETS
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MAINTENANCE SCHEDULES AND PROTOCOLS
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INSPECTION AND DATA ANALYSIS
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DEVELOPMENT OF SPECIALIZED CREWS
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EQUIPMENT AND MATERIALS TESTING
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QAKRF MAINTENANCE MANUAL

Green Stormwater Infrastructure
Maintenance Manual

First Edithan - June, 2014

http://phillywatersheds.org/doc/GSIMaintenanceManual-1stEdwpreamble_HRes.pdf




‘OAKRF ROUTINE MAINTENANCE - SURFACE




‘OAKRF ROUTINE MAINTENANCE - SUBSURFACE




LID/ GREEN STORMWATER ASSETS -

QAKRF SURFACE
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. LID / GREEN STORMWATER ASSETS -
DAKRF

SUBSURFACE
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‘OAKRF LABOR DEMAND TO SUPPORT PROGRAM

Number of Maintenance Crews by Fiscal Year
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TRAINING AND WORKFORCE DEVELOPMENT




‘OAKRF SKILL SET FOR MAINTENANCE

» Specialty Skills Needed to Maintain LID Practices

v Native plant care

Arboriculture

CCTV pipe inspection

Pipe and inlet cleaning

Porous pavement vacuuming

Reading design and planting plans

Use of mobile devices and software

Data collection

|[dentification and reporting of performance issues
Public engagement and outreach

SN R R TR

orkforce Base

W
v Construction

v Landscaping/grounds maintenance
v' Masonry

v Pipe inspection/Utility location

v" Workforce development programs



. MANAGEMENT CHALLENGE: MORE WORKERS,
DAKRF

LESS OVERSIGHT

Increase in Crews vs. Oversight Staff by Fiscal Year
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POWER CORPS PHL

POWER
CORPS

PHL

http://powercorpsphl.org/

Photo credits: PowercorpPHL, 2013-2014




‘OAKRF LAUNCH OF O&M TRAINING PROGRAM
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‘OAKRF LAUNCH OF O&M TRAINING PROGRAM

Image Credit: Sustainable Business Network of Greater Philadephia, 2015



14 TRAINED CREWS = 35 MAINTENANCE
WORKERS SUPPORTING THE PROGRAM
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. MANAGEMENT CHALLENGE: WHO, WHAT
DAKRF

WHERE?

» Scheduling constraints:

v Maintain all sites on routine monthly, annual, or semi-annual basis for
different tasks (surface, subsurface, porous pavement)

v Deal with vehicles parked in the right-of-way
v' Schedule by proximity to reduce travel time
v" Assign the same crews to the same sites

v' Manage non-routine tasks such as repairs, re-plantings, and
reconstruction

» Work order management system options
v Mobile or paper
v" Track work by site or by asset / component
v' Managed by municipality or by contractors
v Stand-alone database, or integrated with other public works



DAKRF MANAGEMENT OF ASSET DATA

» GIS-based
system uses e “—— :
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‘OAKRF DATABASE FIELDS

> Green assets:

o LA e ) | —— L A—

components, type of practice Category: SURFACE MAINTENANCE
WO SUBTYEE o
» Crews ORGANIC DEBRIS REMOVED? :
v' Company, number of crew B =
SEDIMENT BREMOVED?Y o
members MULCHING? |
- WATERING? ™
» Labor & Materials ' TREE/SHRUB PRUNING v
g 3 PESTICIDE hd
v" Hours worked and materials ' e v|
used per crew/visit/asset CUTTING BACK VEGETATION v
WEEDING o
> Work Ordel’s VEGETATION ADDED? i
: VACUUMED b4
v Dates requested, assigned, i MOWING? |
completed, closed e V]
STRUCTURE WINTERIZED? b
v Tasks Completed DEBRIS IN PRETREATMENT BAGS v
PRETREATMENT BAGS CLEANED :

& PRETREATMENT BAGS REFLACED



‘OAKRF MOBILE DATA COLLECTION

» Data is collected in the field
using mobile tablets

» Downloads to a master database
that can be queried by location

» Easy reporting allows managers
to track crew efficiency

» Other opportunities:
v GPS tracking of vehicles
v “Check-in” to sites
v" Integrate crew timesheets
v" Integrate detailed inspection data




DATA ANALYSIS
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‘OAKRFE DATA ANALYSIS — COST DRIVERS

Labor 77%
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QAKRF DATA ANALYSIS — COST DRIVERS

and Safety Cost | Maintenance Cost
Stormwater Tree Trench 73% 27%
Stormwater Bump Out 78% 22%
Stormwater Planter 71% 29%
Infiltration/Storage Trench 88% 12%
Rain Garden 78% 22%
Stormwater Tree 65% 35%
Pervious Pavement 83% 17%

Stormwater Swale 69% 31%
78% 22%

SMP Type




QAKRF COST MODEL DEVELOPMENT

» Predict maintenance
cost based on design
parameters

» Choosing variables
for model input

v' Select characteristic
design parameters

v' Spearman’s Rank
Correlation

» Linear regression




OAKRF COST MODEL RESULTS

» Surface Maintenance Model » Subsurface Maintenance Model
v Vegetated Footprint Area v" Total Length of Pipe
v" Number of SMPs v Total Number of Pipes
v" Number of Flow Control v" SMP Group (Vegetated or Non-
Structures Vegetated)

Response . Adjusted | Predictive

Annual routine GROUP 0 SITES: [Annual Routine Subsurface 87.29% 86.81% 86.24% S XXX
subsurface Maintenance Cost] = XXX + XXX [Number of Pipes] +
maintenance cost ($) XXX [Total Pipe Length]

GROUP 1 SITES: [Annual Routine Subsurface
Maintenance Cost] = XXX + XXX [Number of Pipes] +
XXX [Total Pipe Length]

AOGUEIRGITEGESI R XXX + XXX [Number of SMPs] + XXX [Vegetated 95.76% 95.52% 93.56% S XXX
maintenance cost ($) Footprint] + XXX [Number of Flow Control
Structures]



DESIGN AND CONSTRUCTION FEEDBACK




DAKRF DESIGN AND CONSTRUCTION FEEDBACK

INSPECTION &
MAINTENANCE
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. MAINTENANCE CHALLENGES & DESIGN
DAKRF

FEEDBACK

» Erosion and sedimentation at inflow points
» Maintenance access

» Debris and sediment loading

» Pipe inspection and maintenance access

> Winter maintenance
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DESIGN FEEDBACK: EROSION AND

SEDIMENTATION AT INFLOW POINTS
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OAKRF CHALLENGE: ACCESS
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QAKRF DESIGN FEEDBACK: ACCESS

Geoweb pad for structural support



‘OAKRF DESIGN FEEDBACK: PIPE BENDS
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CHALLENGE: HEAVY SEDIMENT AND DEBRIS
LOADING




EAKRF DESIGN FEEDBACK: PRETREATMENT FOR ALL
: SUBSURFACE SYSTEMS




. CHALLENGE: ROOT ENCROACHMENT INTO
DAKRF

PIPES




DESIGN FEEDBACK: STANDARD TREE
SPECIES SPECIFIED
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QAKRF CONSTRUCTION OVERSIGHT
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‘OAKRF SURVEY WORKFLOW

TYPICAL SMP SURVEY WORKFLOW
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‘OAKRF SURVEY STANDARDS — SURVEY POINTS

» During Construction Survey Points — e.g., Pipes

Feature H‘.tuiui red Survey Point ﬂ'uutrirti{}n of Survey Point
1 Invert in and out at every Botmom interior elevation of pipe at each end of the termination or
Plr": ‘r.li'l'.ll.' -;.'r:ul or l'.l.-L'H L'E!i.l.l-['l F"-Ujl'lt. tI'i.'i:llL'L"IIl:l[:l |'|"|.|i['|1.
Fitting KI Location of ftting Top/center point of each hrting,

bottom mteno: elevation of pipe of fitung of fitung



‘OAKRF SURVEY STANDARDS — SURVEY POINTS

» Post Construction Survey Points — e.g., Trench Drains

Feature Required Survey Point Description of Survey Point
H.I Lowest point of trench deaun  Lowest pounts at both upslope and downslope locatons along the
Trench lenpth of the channel
Dirasn

X' Topof grate Top/ center elevation on front and back of grate (width of trench

drain to be inchided).

X2 Concrete Apron Grade changes of concrete apron along the gutter ine, plus apron extent
Dimensions E’PPﬂﬁm rrench dran ﬂpemné'
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‘OAKRF SURVEY STANDARDS - DRAWING

Lol ince Pip«
E:ﬂh:gt;“: New Conveyance Pipe
CAD LineType/
Block Image
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Color BLUE
LineWeight 0. 70
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‘OAKRF SURVEYOR AND INSPECTOR TRAINING

» Classroom sessions for survey contractors — use
of manual and Q&A

» Separate classroom sessions for municipal
survey department (reviewers and construction
inspectors)



DAKRF SUMMARY

» Defining maintenance schedules and protocols
helps limit coordination and improves efficiency

» Training and workforce development is critical to
ensuring ongoing capacity and quality of work

»> A simple, well-organized asset management
system can allow crews to collect data in the field
with minimal oversight

» Data collected during routine maintenance can be
used to identify cost drivers and inform the
design and construction process for new projects.
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"OAKRF QUESTIONS?

Akta Patel, EIT
Environmental Engineer
AKRF, Inc.
267.585.4857
apatel@akrf.com

Lia Mastropolo
Senior Planner

AKRF, Inc.
267.585.4850
Imastropolo@akrf.com

AKREF, Inc.
www.akrf.com




