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Presenter
Presentation Notes
I would like to quickly introduce SEEDS, the organization I work to give a little sense of our experience / perspective / bias.

SEEDS is a 501(c)3 non-profit research, design and educational institution whose mission is to seek the
development of socially and ecologically sustainable environments.


Outline

 Part 1l - Life Cycle Assessment of Stormwater
Best Management Practices

e Part 2 - Pittsburgh’s Urban Ecology
Collaborative and Opportunities for Optimizing
Sustainable Stormwater Strategies
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Redesigning the American
Neighborhood (RAN) Project

Goal: To quantify the balances among
environmental, economic, and social
costs and benefits for alternative
stormwater management practices


Presenter
Presentation Notes
Good morning, for this talk we will need to shift gears a bit as the RAN project encompasses a number objectives.  All of our work falls under the RAN project’s program goal of understanding the environmental, social, and economic impacts of stormwater and the practices employed to manage stormwater, particularly those employed or potentially employed in New England’s suburban neighborhoods.





Rationale

 Trend toward increased
construction of stormwater
Best Management
Practices (BMPSs)


Presenter
Presentation Notes
We recognized that there has been a   With the adoption of the National Pollution Discharge Elimination System (NPDES) Phase II regulations in 1999 structural stormwater best management practices have become heavily promoted as a key solution in achieving the mandate of the 1977 Clean Water Act.  States and municipalities across the US are developing their own stormwater regulations based on NPDES and structural BMPs are being distributed in new development as well as retroactively throughout our urban, suburban, and exurban landscapes.  


Diverging Trends




Manufactured Devices vs.
Low Impact Design (LID)
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Presenter
Presentation Notes
On one end we are seeing more in-pipe or end-of the pipe manufactured devices that require frequent cleaning, replacement of filters, or even electrically powered aeration.  And on the other end there’s a trend towards source controls and BMPs integrated into the urban landscape, which in their own right may increase or decrease net maintenance requirements, but present the potential to eliminate or reduce the need for stormsewer infrastructure.  This second trend is a primary component a newer approach to development often referred to as Low Impact Development or Low Impact Design or (LID).
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Presenter
Presentation Notes
When I talk about indirect impacts (impacts other than the direct operation of the stormwater systems) I am referring to things such as the air emissions associated with the construction and maintenance, and onsite erosion that occurs during construction, and in come cases toxic sediments that accumulate need to removed and disposed of.  
Considering that sediment is still considered the primary pollutant of concern in most districts, it is important that the quantity of sediments eroded during construction and the fate of toxic sediments be considered as part of any BMPs net performance.



Historical Stormwater Performance
Analysis

o Effluent Quality
o Capital Cost coupled w/ Effluent Quality
* Life Cycle Cost coupled w/ Effluent Quality
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Presenter
Presentation Notes
When we began review the design resources available we discovered that have been and continue be many efforts, CWP, CALTRANS, WERF, and others which have been working hard to BMP performance data available to decision-makers.  Typically…

But no where have we seen anyone take into account the cumulative direct and indirect impacts of stormwater BMPs to 


Life Cycle Assessment

d A gquantitative inventory of the environmental impacts of
a product, service, or process over the course of its life-
cycle — “from cradle to grave”

d May include
= extraction
= manufacturing
= operation, maintenance, and reuse
» disposal and decommissioning
* transport
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Presentation Notes
In its broadest definition, LCA is a summation of all environmental burdens that occur from “cradle to grave” during a product’s or service’s life cycle: the extraction of raw materials; transportation; manufacturing; operation, maintenance, and reuse; and disposal. The environmental burdens generally include use of land, energy, water, and other materials and the release of substances (harmful and beneficial) to the air, water, and soil. 


Life-Cycle Concept

Landfill/

Incineration
Recyelin
E.n:fg‘].r
Re-use and
Production
recycling Re-use of parts in
production
- W aste
Energy o Encrgy Emissions

Re-use

Figure courtesy of www.ecodesignguide.dk
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Presenter
Presentation Notes
Notice the reuse portion of this cycle.  Note that this distinction makes LCA a useful tool in detailing the environmental costs and benefits of energy, nutrient, and water recovery and reuse.


Lite Cycle Assessment

dFocus on regional and global impacts

d Typical Impacts
 Energy use < Global warming
 Material use < Eutrophication
e Land use  Acidification
e ToxXicity
 Human health

» Smog formation
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Presenter
Presentation Notes
The collective burdens are generally aggregated into impact categories or into a single indicator of environmental performance or even sustainability.

An important factor that is currently missed by most LCA methods are categories which factors the water availability impacts.


LLCA Procedure
LCA Framework

Goal and Scope Definition

Vg
Life Cycle Inventory

%

Life Cycle Impact Assessment

%

Interpretation


Presenter
Presentation Notes
Goal and scope definition. Purpose, system boundaries, and functional unit of comparison are established.
LCI Emissions and resource consumption are accounted and catalogued.
LCIA Consequences of inventory are characterized and assessed.
Interpretation. Involves sensitivity analysis and normalization of results.  May include weighting and additional aggregation. 



LCA of Stormwater

Are our BMPs resource efficient?
What are the performance lives of BMPSs?

How does management effect the long-
term costs and impacts?

Are these sustainable solutions?
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Applying LCA to Stormwater

Impacts of Impacts of BMP treatment Impacts Total
providing 4 maintaining + performance + resulting from — Impact
BMP BMP BMP effects

on other

technical

systems or

services

Ecological Design Collaborative
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Presentation Notes
Evaluating the “investment” in each practice
Evaluating the activities required to maintain each practice
Evaluating the activities affected by the existence of or performance of each practice



University of New
Hampshire

Stormwater Center

TREATMEMT UNIT DESIGHNATICN

ADS Treatment Unit  {Wakter Quality Unit & Storage Unit)
Surface Sand Filter

Fetenticn Fond

Bicratention Unit

Agquo Swirl ond Aqua Filter Systemns
Storm Drain Manhole Retrofit
Gravel YWetland Unit

Yegetated Swale
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Presenter
Presentation Notes
And it really starts here…  University of New Hampshire’s Center for Stormwater Treatment Evaluation and Verification (CSTEV), where 10 of 12 stormwater BMPs are operated and tested in parallel to provide objective comparisons of performance.  This has been a somewhat remarkable opportunity, because it is rare that stormwater systems are evaluated in a controlled field testing environment. CSTEV has provided me with design, construction, maintenance and BMP performance data which serve as the foundation for the life cycle assessment.

There are currently twelve BMPs under evaluation at the Center, including an ADS subsurface water quality and infiltration unit, surface sand filter, (wet) retention pond, bioretention cell, subsurface flow gravel wetland, rock-lined swale, porous pavement, tree filter, AquaSwirl / AquaFilter unit, and three hydrodynamic separating catchbasins; including a Vortechnics VortSentry (VS40), Environment 21 V2B1, and CDS PMSU 20-15 


UNH Stormwater Center BMPs

Conventional Manufactured Units
 Retention (wet) pond < ADS water quality
o Rip_rap swale and infiltration unit
“Low Impact Designs” ¢ Aqua Swirl & Aqua
e Bioretention Filter unit

e Surface sand filter ’ VOLt(?ri(SziﬁjratOI’S
» Gravel wetland _\oB1

» Porous pavement — CDS

o Tree filter
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Scope

e Cradle to Grave

— Design Services

— Provision of materials

— Construction

— Operation

— Maintenance (Preventive and Corrective)

— Decommissioning and Disposal

e 1/O LCA Hybrid Method

— Process LCA based w/ missing inventory
estimation

 Functional Unit

— Stormwater management of 1 acre of
Impervious surface to New York State
standards and NH rainfall conditions



Presenter
Presentation Notes
From the CSTEV arrangement


e Conventional
— Retention (wet) pond
 Manufactured Device
— ADS Water Quality
and Infiltration Unit
« Low Impact Designs &
— Bioretention
— Gravel Wetland



Presenter
Presentation Notes
Of the 12 BMPs in operation I choose 4 BMPs, 1 conventional, 1 manufactured device, and 2 LID.  Each system has been designed to treat and manage the stormwater and pollutant runoff from 1 acre of impervious surface to New York State standards for water quality, receiving channel protection, and peak flow regulation for up to a 10 year storm for Durham, NH rainfall conditions, which equates to a total management capacity volume of 92m3.


System Boundaries

P2:Auxillary Energy
and Materials

P2:Auxillary Energy

P4:0Offsite Emissions and Materials

T4:0n/Offsite
Ly Pollutant Movement

P1:Materials

P3:Solid waste

P4:0Offsite Emissions P4:Offsite Emissions

Ecological Design Collaborative



Presenter
Presentation Notes
I don’t really have time to cover all of the system boundary particulars, but I will address one related to process modeling and hybrid analysis.  I have limited the process modeling to the activities occuring onsite, where onsite is defined as the BMP watershed.
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Presenter
Presentation Notes
A process included in this watershed boundary, in addition to construction, operation, and maintenance, is pollutant deposition, both atmospheric deposition and direct application things like de-icing salts.


LLCI Calculation

 Material and Energy Flow Analysis (MFA)

 Emission and Resource Consumption
Factors (EF)

LCI = MFA X EF

Ecological Des o Collabora


Presenter
Presentation Notes
The basic calculation procedure is simple in concept but can be very complex in application

The MFA is a record of all the activities and materials employed during the life cycle and for each activity and material there are associated emissions released and resources consumed.  Together these form the life cycle inventory.



R aw
Waterials | Wiastes

'

Extraction

mManufacturing  f

Ernizsions

MFA

Emmnizsions

| Effluent Digcharge |
AU Material
& Energy Transport *
i Stormmeater
Materials Equipment Management
Site Prep. Excavation | | Special Caonst. | Fiping
. - - / Storrmwater
L YWastes Emissions o W Runaff
Design & Structural
Fermitting > St ter BMP
i ormwater
gervices Emissions Wigstes | Wiastes ‘ Emissions
| Inspection ‘ ‘ Landscaping ‘ | Debris Removal | | Dredaing | | Component Replacement ‘ ‘ Component Removal |
Freventative Corrective Decommissioning
Maintenance Maintenance & Disposal
haterials Equipment Cremy
Aux Material ﬁ T T

Transport

& Energy

Manufacturing |

R | Wiastes Emissions
Materials




L.CI Model — Data Sources

MFA Process Model

— UNH Design, Construction, & Maintenance Data

— RS Means Construction Cost & Productivity Data

— CAT Performance Handbook Engine Loading & Fuel Use
— WERF Post-Monitoring BMP Performance Study

Emission Factors

— UNH BMP Treatment Performance Data

— US EPA NONROAD 2005 Emissions Model

— US EPA MOBILE 6.2 Emissions Model

— CMU Environmental Input-Ouput LCA (EIOLCA)

— NREL US LCI Database
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Abridged BMP Life Cycle Inventory

Stormwater BMPs

Inventoried Substance Units ADS Wetpond Bioretention Gravel Wetland

Local Inventory
Resource Use

Elec KWh KWh 31300 3990 8020 8530
Coal kg kg 5160 TG 1610 1610
MNatGas m"3 m” 6370 794 2660 1880
Gasoline liter 1890 1410 2180 2220
Diesel liter 1930 1990 2550 2210
Emission. Compariment
col. air mt 405 192 289 284
co, air kg 426 254 349 342
nox, air kg 155 144 184 180
pm, air kg 20 27 23 35
s02, air kg 95 26 47 45
vooc, air kg 94 36 52 51
1TSS, freshwater mt -36.0 -21.3 -34.7 -36.1
DRO, freshwater mt -762.9 -56.5 -762.9 -762.9
NO3, freshwater kg 79.6 26.6 -14.3 -37.1
PO4, freshwater kg -3.0 186.9 355 6.0
Zn, freshwater kg 6.1 5.9 -6.1 6.1
Cl, freshwater mt 235.7 5635 3489 1919

lron, freshwater kg 72.5 162.9 531.4 280.3



Presenter
Presentation Notes
The inventory is finally compiled it looks something like this.  Here we have the total emissions and consumption of materials over the 30 year life cycles of the 4 BMPs.  To a few decision-makers this may be interesting but for some attempting understand how to compare 400 mt of co2 to 1600 kg of coal or 35 kg of phosphate will not get much help with these results.  This is where the impact assessment portion of life cycle assessment comes in.


TRACI Impact Assessment

Tool for the Reduction and Assessment of
Chemical and Other Environmental Impacts

Developed by US EPA National Risk Management Research
Laboratory (NRMRL)

Characterizes emissions relative to location, media, transport, fate,
and effect

Global Warming « Ecotoxicity

Acidification  Human Health — Criteria
Eutrophication Air Pollutants

Smog « Human Health — Cancer

Ozone Depletion Human Health — Non-
Cancer
« Fossil Fuel Depletion
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Presenter
Presentation Notes
To help make sense of the inventory results I used the USEPA’s TRACI impact assessment model.  TRACI was developed to characterize life cycle inventory data (such as you just saw in the previous table) into 10 environmental and human health impact categories based on the location of the emission, the media to which it was released, from which assumptions about the transport and fate are made and the resulting effect is calculated.  

Most of the effects are described in terms of impact potentials rather than actual impacts 




Life Cycle Impacts
Characterized by TRACI

Global Fossil Fuel HH - Criteria Human
Wan‘ning_; Acidification Eutrophication Depletion Smug Ecotoxcity Air Pollutants Health
EMPs [kg C02-2) (H+ moles-a) {kg N-g) {MJ surplus energy'_l [kg Nox-g) [kg 24-D-2) (microDALYs) {Itg toluene-g)
ADS 73500 15900 299 165000 903 -12500 6.26 2680
Wetpond 38000 7720 461.0 36500 286 -12000 2.74 3400
Bioretention 54600 11000 94.6 79200 471 -12500 4.19 3650

Wetland 61200 10400 18.5 65300 441 -12500 4.06 3650



Presenter
Presentation Notes
After applying TRACI the comparative results look like this – perhaps a bit more manageable visually but we are still faced with rather abstract numbers and categories.  Here we’ve aggregated all of the global warming contributing emissions into co2-equivalents and eutrophication contributing emissions into N-equivalents (with respect to the coastal location of Durham, NH)

Still comparing 73500 kg of CO2-e to 29.9 kg N-e is nearly impossible for most people, so the next step is to normalize the data categories with respect to some standard reference. The common practice is to divide the impacts by annual per capita contibutions to each category by a nation, state, or other demographic.




Impacts Normalized by US per capita

Stormwater BMPs

Normalized Life Cycle Impacts

(including operational impacts)

il
sloretention

-200

-150 -100 -50 0

TRACI Impact Categories
Normalized by US per capita
Impact Contributions

B Human Health
(kg toluene-e)
O HH - Criteria Air Pollutants
(microDALY's)
B Ecotoxcity
(kg 2,4-D-e)
B Smog
(kg Nox-e)
B Ozone Depletion
(kg CFC-11-e)
O Fossil Fuel Depletion
(MJ surplus energy)
O Eutrophication
(kg N-e)
B Acidification
(H+ moles-e)
O Global Warming Air
(kg CO2-e)
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Presentation Notes
When we normailze the data with respect the US per capita impact it should provide us with a sense of the relative magnitude of 


.

Impacts Normalized Without Operation

Normalized Life Cycle Impacts
(excluding operational impacts)
B Human Health
(kg toluene-e)
= | O HH - Criteria Air Pollutants
o s = — (microDALYSs)
o N B Ecotoxcity
= W . | (kg 2,4-D-e)
o S = . @ Smog
g & = (kg Nox-e)
e & — B Ozone Depletion
A - (kg CFC-11-€)
7 = O Fossil Fuel Depletion
N — ' - (MJ surplus energy)
VO% — O Eutrophication
kg N-e
° 005 01 015 | g 0 Hication
TRACI Impact Categories Normalized by US per (H+ moles-e)
capita Impact Contributions E Global Warming Air
(kg CO2-e)



Presenter
Presentation Notes
If we exclude operation we get a clearer perspective of the relative magnitude of impacts from the construction and maintenance phases.  Fossil fuel depletion, global climate change, and smog stand out as the most significant relative to life cycle US per capita emissions.  


Impacts Weighted by US EPA SAB

Total Environmental Life Cycle Impacts
Science Advisory Board - Weighted

Bl Human Health
2.5 (kg toluene-e)

O HH - Criteria Air Pollutants
2 (microDALYS)

B Ecotoxcity
1.5 (kg 2,4-D-e)

1 8 Smog
(kg Nox-e)

0.5 B Ozone Depletion
. (kg CFC-11-e)

0 O Fossil Fuel Depletion
(MJ surplus energy)

Cycle Impacts (excluding operation)

Annualized, Normalized, and Weighted Life

S QO . \OQ Qé O (Ektétrﬁ_peh)ication
NN m Acidification

(H+ moles-e)
O Global Warming Air
Stormwater BMPs (kg CO2-e)
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Presentation Notes
After weighting the impacts we are 1)  able to get a sense of the what the relative importance of the various impacts.  We see that now global warming contributions dominate, but smog and fossil fuel depletion 


Impacts Weighted by US EPA SAB

Component Contributions

Life Cycle Component Contribution
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ADS Wetpond Bioretention Wetland

Stormwater BMPs
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Life Cycle Cost and Impact

Phase Contributions

SAB Weighted Life Cycle
Impact Score and

Life Cycle Phase Contribution
(excluding operation)

2.5
/9: 2 m @ Disposal
- i ] B Corr. Maintenance
§ 1.5 i i i O Pre. Maintenance
8‘ e — O Construction
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E 05 | O Design
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Presentation Notes
We see that cost is not a good indicator of impact and that certainly capital cost is not a good indicator


[imitations

No characterization of TSS and Chloride In
TRACI

No modeling of construction erosion

No modeling of plant and algae air
emissions mitigation

Inability to directly compare operation and
other life-cycle phases
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Nitrogen Life Cycle

NOXx
Emissions
Output

T —— \ Jes:
‘ Onsite
== Construction
YRR, ~ e Input

EDC

Atmospheric
N Deposition

N Runoff
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Presentation Notes
The collective burdens are generally aggregated into impact categories or into a single indicator of environmental performance or even sustainability.



Environmental Payback Periods
 Example: Gravel Wetland - Eutrophication Potential

— Operation (1yr)

Treatment 0.297 kg N-eq removed
— All Other Life Cycle Phases (30yrs)

Equipment & Transport 7.70 kg N-eq emitted

Materials 1.24 kg N-eq emitted

— Payback Period
PP = Embodied Impact / Impact Averted per Year
=(7.70 + 1.24) /1 0.297 = 30 years
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Presenter
Presentation Notes
This is the direction that this work could go for the engineering and planning of BMP systems.


Conclusions

(excluding operation)

 Life cycle cost and capital cost not good
Indicators of environmental impact

o Stormwater LCA most valuable In
development scenario analysis not BMP

comparison
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Consequential LCA Approach
Making the case for LID

Laqucapmg Replaced ““
4 | Sewer & €SO Treatment Avoide *
B Residential Heating / Cooling Effects
. ¢onservation vs. Mitigation




D
Urban Ecology

COLLABORATIVE

Cultivating healthy, safe, and vibrant cities
through collective learning & united action.


Presenter
Presentation Notes
The purpose of the Urban Ecology Collaborative (UEC) is to cultivate healthy, safe and vibrant cities through collective learning and united action. The UEC is a partnership of universities, non-profit organizations, and state, local and federal officials working in cities in the Eastern United States.


The UEC 1s a partnership of non-profits,
government agencles, & unitversities
across the Northeast

Founding partners in other cities
iInclude:

Boston: Urban Ecology Institute,
Boston Forestry Partnership

New Haven: Urban Resources
Institute/Yale University

New York City: NYC Parks &
Recreation Department

Baltimore: Parks & People Foundation

Pittsburgh

Washington DC: Casey Trees
X P Foundation

New participating cities:
Providence, RI: Forestry Office
Philadelphia: Philly Green




Urban Ecology Collaborative Pittsburgh
Partners currently include:

College of

Aancultural Pittsburgh
PARKS
conservation CONSERVANCY
consultants,
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Presentation Notes

Local Pittsburgh partners represent over 8,000 citizens of Allegheny County.
Together we have logged more than 150,000 volunteer service hours in the last 10 years.




Presenter
Presentation Notes
Pittsburgh the UECs work has been marked by community education and restoration including 


UEC Research Working Group

e Growing Interest in Green
Infrastructure
— PPC
— NMRWA
— FOPUF
— WPC (TreeVitalize)
— PSU Coop-Ext / URA

* Intention to develop a
strategic plan for
stormwater intervention
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